TO) ALL, TO WHOMTHE SE; PRESENIS; SHALL, COME:3
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

July 3, 2023

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 18/323,490

FILING DATE: May 25, 2023

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US 18/323,490

By Authority of the
Under Secretary of Commerce for Intellectual Property
and Director of the United States PAtent and Trademark Office

Ay,

John Burson
Certifying Officer




Page 1 of 3

S o) UNITED STATES By
PATENT AND TRADEMARK OFFICE Aeandia, ¥ e useto gov

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/323,490 05/25/2023 10:32:49 AM ET 7028-P71709US00

Title of Invention

SYSTEM, APPARATUS AND METHOD OF NON-DESTRUCTIVELY DETERMINING PETIOLE
NUTRIENT VALUES IN NEAR REAL-TIME USING A PORTABLE SPECTROPHOTOMETER

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)
CONFIRMATION # 5538 FILED BY Jennifer Howe
PATENT CENTER # 62152553 FILING DATE
CUSTOMER # 1059 FIRST NAMED Ahmad Al-Mallahi
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Nicholas Aitken
ADDRESS

Documents TOTAL DOCUMENTS: 5

DOCUMENT PAGES DEBCRIPTION SIEE (KB}
ADS 2023-05- 8 Application Data Sheet 83 KB

25_P71700USC0.pdf

Warning: This is not a USPTO supplied ADS fillable form. Dala in the form cannot be
automatically loaded to other USPTO systems.

Spec_TO_BE_FILED _2023- 30 % 369 KB
05-25_P71708US00.paf

Spec_TO_BE_FILED 2023-  (1-24) 24 Specification ‘ 364 KB
05-25 P71709US00-
SPEC.pdf

o)
&
=
oy

Spec_TO BE_FILED 2023- (25-29) & Claims 1



Page 2 of 3

05-25_P71708UG00-

CLM.pdf
Spec_TO_BE FULED 2023-  {30-30) 1 Abstract 125 KB
(5-25_P71708US00-
ABST.pdf
Drawings TO_BE _FILED 20 B Drawings-only black and white 452 KB
23-05-25_P71708UB00.pdf fing drawings
Digest
DOCUMENT MESSAGE DIGEST(SHA-812)
ADS_2023-05- B0AADZ3D3C375B6BO6CYS10F T FEFUT84FF2RIaF1358303F 73048
25 P71708U500. pdf AEBBCT24EDOA4B0F158ACOB0EEDASISABDEDSICRO3DIFTOR

616BB5C7C3413008892112C8033670

Spﬂ(}____TQ__ﬁE__FELE D_2023-05- 32F558DCE84228660518C8DD4A4DZCE7FEDDECASECE221075D
25_P71708US00.pdt 669F810EGSECDF1C807C124013417574D147C8CEAD 17087648
IBASBEDSO8EEAL3E3CCAB0CES1B2Y

Spec_TO _BE_FILED 2023-05-  76CT7EGDDT7OCOABERIAZZF491133E0E3268810EBIAZO82680

25_P71708UB00-5PEC.pdf SEBFOFA4SADZDECI42FOE294FEEBABDCEIDOSFSATC2T 7381
FC3363F8E32B280558C04564FFDB48

Spec TO BE FILED 2023-05-  COFS55B5C1AS67ECT212DC10565AAB4B123002F810E211AOD
25 P71708US00-CLM.pdf ECH1742498140EEG20473778185ECT108ES0ABSERDSDC462C
B1566EB4R41C79D59191B5A7ABASS

Spec_TO_BE _FILED 2023-05-  41DO0131F7316083E3C2ABGEE21F3ED4268EAC4AB7847BF3C
25 _P71708US00-ABST pdf BI6D74F18BEF77FAEOF33F 1 BEECRSCEUTADCF1DO7608E61D
8B1FEQ768046A0837A0BFEEBIADA30

Drawings_TO_BE_FILED 2023 1AAFD17BD3549AA0ZACF7ERFSCEIS70CT31ECE32D27A75A3
-05-25_P71708US00.pdi CAG84B3F21F4EF448RB86F6EUF7DACO130938C28AT168ER2BOC
EBES3ETIFFFCCSESFCOSCBAZ4C58307



Page 3 of 3

This Acknowladgement Recsipt evidences receipt on the noted dale by the USPTO of the indicated documents, characierized
iny the applicant, and including pags counts, where appiicabin, i serves as evidence of receipt sinmiar to a Post Card, =8
descried in MPEP 503

New Applications Under 38 U.8.C. 111
and MPEP 808}, a Filing Recelpt (37 CFR 1.54) wili bz issued in dus nowss and the date shown on this Acknowiedgement
Faceint will estabilish the filing date of the application

Nationa! Stags of an intornational Application under 38 UL.8.C. 37

# a timely submission to enter the national stage of an inlernational application is compliant with the conditions of 35 U.8.C.
371 and other applicable requirements a Form PCT/DO/EO/R03 indicating acceptance of the application as & national stage
submission under 35 11.8.C. 8371 will be issued in addition o the Fiing Hecsipt, in dus coursa.

New International Application Filed with the USPTO as a Reseiving Qffics

i a new intarnalional application is baing flad and the international application includes the necassary compoenants for an
international filiing date (see POT Article 11 and MPER 1810), o Notification of the International Application Numbsr and of the
International Filing Date (Form PCT/ROM IS} will be issued in due course, subject io preseriptions soncerning national security,
and the dale shown on this Acknowledgement Receipd will esiablish the internationad filing date of the applization.



Page 1 of 2

PO, Box 1450
Alexandriz, VA 22313 - 1450
wwawusnlo.gov

UNITED STATES
PATENT AND TRADEMARK OFFICE

ELECTRONIC PAYMENT RECEIPT

ATTORNEY DOCKET #

RECEIPT DATE / TIME
TO28-P71708US00

05/25/2023 10:32:49 AM ET

APPLICATION #

18/323,490

Title of Invention

SYSTEM, APPARATUS AND METHOD OF NON-DESTRUCTIVELY DETERMINING PETIOLE
NUTRIENT VALUES IN NEAR REAL-TIME USING A PORTABLE SPECTROPHOTOMETER

Application Information

APPLICATION TYPE  Liility - Nonprovisional Appdication PATENT # -
undiar 33 USC 111(a)
CONFIRMATION # 5538 FILED BY jennifer Howe

PATENT CENTER # &82152553 AUTHORIZED BY hicholas Aitken
CUSTOMER # 1088 FILING DATE -
CORRESPONDENCE FIRST NAMED Ahmad Ai-Malighi
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD / 8879 E202350433487845 Jennifar Howe
PRE-SUTHORIZED ACCQUNT PRE-AUTHORIZED CATEGORY
322085 37 CFR 1.18 (Natipna! application filing, search, and examination fees); 37
OFR 1.17 {(Patant application and reexamination processing fees); 37 CFR 118
{Document supply fees); 37 CFR 1.20 (Post issuance feas); 37 OFR 1.21
{Miscellansous fees and charges)
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL(S)
1051 SURCHARGE- LATE FILING FEE, 160.00 1 160,00
SEARCH FEE, EXAMINATION FEE,
INVENTOR'S QATH OR
DECLARATION, OR APPLICATION
FLED WITHOUT AT LEAST ONE
CLAIM OR BY REFERENCE
1111 UTILITY PATENT APPL. SEARCH 700.060 1 7006.00

FEE



Page 2 of 2

1011 BASIC FILING FEE - UTILITY (PAPER 320.00 1 320.00
FILING ALSO REQUIRES NON-
ELECTRONIC FILING FEE UNDER
1.18(TH)

sl PATENT APPL. EXAMINATION FEE 30.00 1 800.00

1262 EACH CLAIM IN EXCESS OF 20 10000 7 700.00

1201 EACH INDEPENDENT CLAIM N 480.60 1 480.00
EXCESS OF THREE

TOTAL $3,180.00
ARGUNT:

This Acknowledgement Receint evidences receipt on the noted date by the USPTO of the indicaled documents, characterized
by the applicant, and inciuding pagse counts, where appiicable, i serves as evidence of receipt sirnilar to a Post Card, as
descrized in MPEP 533

New Applications Under 38 LSO 111

i a new applicadion is being filed and the application includes the necessary componenis for filing date (see 37 CFR 1.83{b-(ch)
and MPEP 508), a Filing Receipt (37 CFR 1.54) wili ba issued in dus courss and the date shows on this Acknowiedgaement
Receipt will estabiish the filing dale of the appiication

National Siags of an international Application under 38 U.8.C. 871

if & timely subrmission fo enter the national stage of an intermnational application is compliant with the conditions of 35 U.8.C.
371 and other applicable requirements a Form PCT/DO/EG/A03 indicating acceptancs of the application as a national stage
subnusaion under 35 LL.8.C. 371 will be issuedd in addition i the Fiing Recaipt, in Gus courss.

New International Application Filed with the USPTO as a Recsiving Office

i a new international appiication is being filed and the international application includes the necessary components for an
interrational filing cate {see PET Article 11 and MPER 1810}, a Notification of he Infernational Application Number and of the
International Filing Date (Form PCT/RGAIS) will be issuad in due course, subject to prescriptions concaring national security,
and the date shown on this Acknowledgement Receipl will esiablish the international filing dale of the application.



SYSTEM, APPARATUS AND METHOD OF NON-DESTRUCTIVELY DETERMINING
PETIOLE NUTRIENT VALUES IN NEAR REAL-TIME USING A PORTABLE
SPECTROPHOTOMETER

~ FIELD

[0001] This document relates to systems, apparatus, and methods of non-destructively
determining petiole nutrient values in near real-time from plant leaves in a crop field using

a portable spectrophotometer.
BACKGROUND

[0002] Plants need many nutrients for growth and sustenance. For example, plants may
need macronutrients like nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), and sulfur (S) in large quantities. Plants may also need micronutrients
like manganese (Mn), zinc (Zn), iron (Fe), sodium (Na), copper (Cu), aluminum (Al), and

boron (B) in small quantities.

[0003] In agricultural applications, crop yield and/or quality of harvested crops may be
affected if the crop plants do not receive a suitable amount of each required nutrient. For
example, the crop yield and/or quality may be reduced if the plants do not receive enough
nutrients. In some cases, excessive supply of nutrients may also reduce the crop yield

and/or quality.

[0004] Determining the nutrient value status of plants can enable corrective actions to be
performed to improve crop yield and/or quality. For example, the composition and quantity
of fertilizer may be tailored for one or more specific nutrients based on the determined

nutrient value status of the plants.
SUMMARY

[0005] The following summary is provided to introduce the reader to the more detailed
discussion to follow. The summary is not intended to limit or define any claimed or as yet

unclaimed invention. One or more inventions may reside in any combination or sub-
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combination of the elements or process steps disclosed in any part of this document

including its claims and figures.

[0006] According to some aspects, a method of non-destructively determining petiole
nutrient values in near real-time from plant leaves in a crop field using a portable
spectrophotometer is provided. The method may comprise: (a) taking non-destructive
spectral measurements of a leaf of a plant in the crop field using the portable
spectrophotometer to generate leaf spectral data, (b) storing the leaf spectral data in a
memory; (c) computing, by a processor, the petiole nutrient values based on the stored
leaf spectral data; and (d) providing a near real-time result indicating the petiole nutrient

values.

[0007] According to some aspects, an apparatus for non-destructively determining petiole
nutrient values in near real-time from plant leaves in a crop field is provided. The
apparatus may comprise: a memory storing a machine learning model trained to provide
petiole nutrient value outputs based on leaf spectral data inputs; and at least one
processor communicatively coupled with the memory. The at least one processor may be
configured to collectively: receive leaf spectral data generated by a portable
spectrophotometer based on non-destructive spectral measurements of a leaf of a plant
in the crop field; store the leaf spectral data in the memory; input the leaf spectral data
into the machine learning model; receive an output comprising the petiole nutrient values
determined by the machine learning model based on the leaf spectral data; and provide
a near real-time result to a mobile device, the near real-time result indicating the petiole

nutrient values.

[0008]According to some aspects, a non-transitory computer-readable medium
comprising instructions executable by a processor is provided. The instructions when
executed may configure the processor to: receive leaf spectral data generated by a
portable spectrophotometer based on non-destructive spectral measurements of a leaf of
a plant in a crop field; store the leaf spectral data in a memory; input the leaf spectral data
into a machine learning model trained to provide petiole nutrient value outputs based on

leaf spectral data inputs; receive an output comprising the petiole nutrient values
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determined by the machine learning model based on the leaf spectral data; and provide

a near real-time result indicating the petiole nutrient values.

[0009] According to some aspects, a system for non-destructively determining petiole
nutrient values in near real-time from plant leaves in a crop field is provided. The system
may comprise a portable spectrophotometer and a remote server. The portable
spectrophotometer may be configured to: generate leaf spectral data based on non-
destructive spectral measurements of a leaf of a plant in the crop field; and transmit the
leaf spectral data for receipt by the remote server via a network. The remote server may
comprise a processor and a memory, the memory storing a machine learning model
trained to provide petiole nutrient value outputs based on leaf spectral data inputs. The
remote server may be configured to: receive the leaf spectral data; store the leaf spectral
data in the memory; input the leaf spectral data into the machine learning model; receive
the petiole nutrient values determined by the machine learning model based on the leaf
spectral data; and provide a near real-time result indicating the petiole nutrient values to

a mobile device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The drawings included herewith are for illustrating various examples of articles,
methods, and apparatuses of the present specification and are not intended to limit the

scope of what is taught in any way. In the drawings:

[0011]FIG. 1 is an illustration of a leaf of a plant whose nutrient values may be

determined, in accordance with an embodiment;

[0012]FIG. 2 is a schematic illustration of a system for non-destructively determining
petiole nutrient values in near real-time from plant leaves in a crop field, in accordance

with an embodiment;

[0013]FIG. 3 is a schematic illustration of a result indicating petiole nutrient values

provided by the system of FIG. 2 and graphically displayed on a mobile device;
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[0014]FIG. 4 is a schematic illustration of an apparatus for non-destructively determining
petiole nutrient values in near real-time from plant leaves in a crop field, in accordance

with an embodiment; and

[0015]FIG. 5 is a flowchart illustrating an example method of non-destructively
determining petiole nutrient values in near real-time from plant leaves in a crop field using

a portable spectrophotometer.
DETAILED DESCRIPTION

[0C16] Numerous embodiments are described in this application and are presented for
illustrative purposes only. The described embodiments are not intended to be limiting in
any sense. The invention is widely applicable to numerous embodiments, as is readily
apparent from the disclosure herein. Those skilled in the art will recognize that the present
invention may be practiced with modification and alteration without departing from the
teachings disclosed herein. Although particular features of the present invention may be
described with reference to one or more particular embodiments or figures, it should be
understood that such features are not limited to usage in the one or more particular

embodiments or figures with reference to which they are described.

»ou » o

[0017] The terms “an embodiment,” “embodiment,” “embodiments,” “the embodiment,”

» 143 n 13

‘the embodiments,” “one or more embodiments,” “some embodiments,” and “one
embodiment” mean “one or more (but not all) embodiments of the present invention(s),”

unless expressly specified otherwise.

[0018] The terms “including,” “comprising” and variations thereof mean “including but not
limited to,” unless expressly specified otherwise. A listing of items does not imply that any
or all of the items are mutually exclusive, unless expressly specified otherwise. The terms

“a,” “an” and “the” mean “one or more,” unless expressly specified otherwise.

[0019]As used herein and in the claims, two or more parts are said to be “coupled”,

» o

‘connected”, “attached’, “joined”, “affixed”, or “fastened” where the parts are joined or

operate together either directly or indirectly (i.e., through one or more intermediate parts),

so long as a link occurs. As used herein and in the claims, two or more parts are said to
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be “directly coupled”, “directly connected”, “directly attached”, “directly joined”, “directly
affixed”, or “directly fastened” where the parts are connected in physical contact with each
other. As used herein, two or more parts are said to be “rigidly coupled”, “rigidly
connected”, “rigidly attached”, “rigidly joined”, “rigidly affixed”, or “rigidly fastened” where
the parts are coupled so as to move as one while maintaining a constant orientation
relative to each other. None of the terms “coupled”, “connected”, “attached”, “joined”,
“affixed”, and “fastened” distinguish the manner in which two or more parts are joined

together.

[0020] Further, although method steps may be described (in the disclosure and / or in the
claims) in a sequential order, such methods may be configured to work in alternate orders.
In other words, any sequence or order of steps that may be described does not
necessarily indicate a requirement that the steps be performed in that order. The steps of
methods described herein may be performed in any order that is practical. Further, some

steps may be performed simultaneously.

[0021]As used herein and in the claims, a group of elements are said to ‘collectively’
perform an act where that act is performed by any one of the elements in the group, or

performed cooperatively by two or more (or all) elements in the group.

[0022] As used herein and in the claims, a first element is said to be “received” in a second
element where at least a portion of the first element is received in the second element

unless specifically stated otherwise.

[0023] Some elements herein may be identified by a part number, which is composed of
a base number followed by an alphabetical or subscript-numerical suffix (e.g., 112a, or
1121). Multiple elements herein may be identified by part numbers that share a base
number in common and that differ by their suffixes (e.g., 1121, 1122, and 1123). All
elements with a common base number may be referred to collectively or generically using

the base number without a suffix (e.g., 112).

» 143 2 143

[0024]As used herein and in the claims, “up”, “down”, “above”, “below”, prardly”,

» o

“‘vertical”, “elevation”, “upper”, “lower” and similar terms are in reference to a directionality
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generally aligned with (e.g., parallel to) gravity. The terms “distal”, “proximal” and similar
terms are in reference to a directionality generally that is transverse (e.g., perpendicular)
to gravity. However, none of the terms referred to in this paragraph imply any particular
alignment between elements. For example, a first element may be said to be “vertically
above” a second element, where the first element is at a higher elevation than the second
element, and irrespective of whether the first element is vertically aligned with the second

element.

[0025] Generally, plant tissue tests for determining plant nutrient value status are
destructive and do not provide real-time results. For example, a farmer may harvest
petioles from plants in a crop field for measurement. The harvested petioles may be
shipped to a laboratory for testing. Depending on the testing to be performed, a large

number of petioles may need to be destructively removed.

[0026] The laboratory may then conduct plant tissue testing and provide petiole nutrient
values to the farmer. The process of removing the petioles, shipping, testing, and result
notification may take weeks to complete. This delay undermines the effectiveness of any
corrective action (e.g. adjusting fertilizer composition and quantity) taken based on the
results because the nutrient content in the measured plants may have changed in the

intervening period.

[0027] The disclosed systems, apparatus and methods can provide non-destructive and
near real-time determination of plant nutrient value status using a portable
spectrophotometer. Molecules absorb light at frequencies that are characteristic of their
structure. The portable spectrophotometer can be used to take non-destructive spectral
measurements that indicate the presence and concentration of different molecules
(nutrients) in the probed region (e.g., a leaf of a plant). The portable spectrophotometer
can generate leaf spectral data (based on the non-destructive spectral measurements)
that can be used to determine the nutrient value status of plants. No plant leaves or
petioles are required to be removed from the plants for testing. The disclosed system,
apparatus and method can provide the plant nutrient value status without destruction of

any of the plants used for testing.
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[0028] Further, the disclosed system, apparatus and method can conduct the analysis
and provide the results in near real-time, for example, within 10-20 seconds. This can
enable any required corrective actions (based on the determined plant nutrient value
status) to be immediately performed. As used herein and in the claims, an action is said
to be performed in “near real-time” where that action is performed in less than 1 minute

from when it was initiated.

[0029]In canopy reflectance measurements, ground-based or air-borne platforms are
used to determine the ratio of the amount of light leaving the canopy to the amount of
incoming light. The canopy reflectance measurement may be used for calculating the
crop nutrient value status. However, canopy reflectance measurements are frequently
subject to atmospheric and soil interference. The disclosed system, apparatus and
method can use a portable spectrophotometer to probe plant leaves which avoids the
atmospheric interference and/or soil interference associated with conducting canopy

reflectance measurements using ground-based or air-borne platforms.

[0030] Referring now to FIG. 1, shown therein is an illustration of a plant 10 whose nutrient
value status may be determined using the disclosed system, apparatus or method. In the
illustrated example, plant 10 includes a stem 14, a leaf 18 and a petiole 22 attaching leaf

18 to stem 14. Leaf 18 includes a leaf blade 26 and multiple leaf veins 30.

[0031] The surface area of leaf blade 26 can be much larger compared with petiole 22
and therefore spectral reflectance measurements may be taken from leaf blade 26
instead of petiole 22. Accordingly, the measured nutrient values may be indicative of the

nutrient values corresponding to the leaf blade instead of the petiole nutrient values.

[0032] Nutrient values in petioles are not the same as nutrient values measured at other
parts of a plant (e.g. the leaf blade). At present and historically, farmers have sent petiole
to laboratories, and the laboratories have returned petiole nutrient values. As such,
farmers generally understand what corrective actions are required based on laboratory
petiole nutrient values but not based on nutrient values associated with other parts of the

plant.
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[0033] The disclosed system, apparatus and method can take spectral measurements
from leaf blades of a plant to produce leaf spectral data and compute petiole nutrient
values based on the leaf spectral data. Providing petiole nutrient values (as opposed to
nutrient values associated with the leaf) can enable a user to select and apply well known

and understood corrective actions.

[0034] Referring now to FIG. 2, shown therein is a schematic illustration of a system 100
for non-destructively determining petiole nutrient values in near real-time from plant
leaves 18 in a crop field 34, in accordance with an embodiment. As shown, system 100

may include a portable spectrophotometer 104 and a remote server 108.

[0035] In the illustrated example, portable spectrophotometer 104 and remote server 108
are communicatively coupled using a network 112. Network 112 may include a
communication network such as the Internet, a Wide-Area Network (WAN), a Local-Area
Network (LAN), or another type of network. In other examples, portable
spectrophotometer 104 and remote server 108 may not be connected to a common
network and may communicate using intermediary devices and/or communication

networks.

[0036] Crop field 34 may include multiple plants 10 (e.g., at least 500 plants). Each plant
10 may have one or more leaves 18. Plants 10 may include any suitable plants grown in
agricultural applications. For example, plants 10 may include wheat, corn, soy, potato etc.

Crop field 34 may be located in open air or inside a greenhouse.

[0037] Portable spectrophotometer 104 may have any suitable design that is portable and
capable of taking non-destructive spectral measurements of leaves of plants 10. Portable
spectrophotometer 104 may be sized and designed to be carried by an operator while the
operator uses the portable spectrophotometer to take spectral measurements. For
example, portable spectrophotometer 104 may be battery-operated and designed to be

carried in a backpack by an ope'rator 38.

[0038] A light source within portable spectrophotometer 104 can generate incident light

onto a leaf and a detector within portable spectrophotometer 104 can measure the light
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reflected from leaves of plants 10. Portable spectrophotometer 104 may generate leaf

spectral data based on the reflected spectral measurements.

[0039]In some embodiments, portable spectrophotometer 104 may take spectral
measurements and generate leaf spectral data in visible and/or near-infrared wavelength
ranges. For example, portable spectrophotometer 104 may generate leaf spectral data in
a wavelength range from 400nm-2500nm. In other examples, portable spectrophotometer
104 may generate leaf spectral data in smaller (e.g., 400nm-2000nm) or larger (e.g.,
350nm-2500nm) wavelength ranges. Smaller wavelength ranges may enable faster
completion of the spectral measurements and/or require fewer resources for computing
the petiole nutrient values. Larger wavelength ranges may enable determination of the
petiole nutrient values with higher accuracy and/or detection of a larger number of
nutrients. The wavelength range may be manually or automatically adjusted based on the
nutrient values being measured. For example, operator 38 may manually adjust the
wavelength range. In other examples, the wavelength range may be automatically

adjusted, for example, by remote server 108.

[0040] Portable spectrophotometer 104 may take the spectral measurements at discrete
wavelength intervals within the measured wavelength range. For example, portable
spectrophotometer 104 may take the spectral measurements at 0.5nm wavelength
intervals within the measured wavelength range. The wavelength intervals used during
the measurements may be manually or automatically adjusted based on the nutrient
values being determined. For example, operator 38 may manually adjust the wavelength
interval. In other examples, the wavelength interval may be automatically adjusted, for
example, by remote server 108. Different wavelength intervals ranging from 0.1nm to
10nm may be used. Smaller wavelength intervals may enable determination of nutrient
values with higher accuracy and/or determination of a larger number of nutrients. Larger
wavelength intervals may enable faster determination of nutrient values and/or require

fewer computing resources for determination of the nutrient values.
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[0041] In some embodiments, portable spectrophotometer 104 may be a NIRS™ DS2500
Analyzer or an ASD™ FieldSpec 4 spectroradiometer. In other embodiments, portable

spectrophotometer 104 may be any other suitable spectrophotometer.

[0042] Portable spectrophotometer 104 may be configured to transmit the generated leaf
spectral data for receipt by remote server 108. In the illustrated example, portable
spectrophotometer 104 may transmit the generated leaf spectral data to remote server
108 via network 112. In other examples, portable spectrophotometer 104 may transmit
the generated leaf spectral data to an intermediary device, for example, a mobile device
42 of operator 38. Portable spectrophotometer 104 may transmit the generated leaf
spectral data to mobile device 42 using point-to-point communication or a local-area
network (e.g. Bluetooth™) and mobile device 42 may then transmit the leaf spectral data

to remote server 108 using a large-area network/internet.

[0043] Mobile device 42 may be any suitable device that is portable and capable of
sending and receiving data over a communication network (e.g., wireless communication
networks like cellphone networks and/or wi-fi networks). For example, mobile device 42
may be a laptop, a tablet device, or a smartphone with wireless communication
capabilities. Mobile device 42 may be a dedicated companion device designed for use
with portable spectrophotometer 104. In some embodiments, mobile device 42 may be a
general-purpose device that includes proprietary software for communication with
portable spectrophotometer 104 and/or analysis of data received from portable
spectrophotometer 104. In some embodiments, the functionality of portable

spectrophotometer 104 and mobile device 42 may be provided by a single device.

[0044]In the illustrated example, remote server 108 includes a processor 116 and a
memory 120. Processor 116 may control the operation of remote server 108. Processor
116 may be any suitable processor, controller or digital signal processor that can provide
sufficient processing power depending on the configuration, purposes and requirements
of system 100, as is known by those skilled in the art. For example, processor 116 may
be a high-performance general processor. For example, processor 116 may include a

standard processor, such as an Intel® processor, or an AMD® processor. Alternatively,
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processor 116 may include more than one processor with each processor being
configured to perform different dedicated tasks. Alternatively, specialized hardware (e.g.,
graphical processing units (GPUs)) can be used provide some of the functions provided

by processor 116.

[0045]Memory 120 may include one or more of random-access memory (RAM), read-
only memory (ROM), a hard drive, and a flash memory (e.g. solid state drive). Remote
server 108 may store received leaf spectral data in memory 120. For example, remote
server 108 may receive leaf spectral data generated by portable spectrophotometer 104

and store the received leaf spectral data in memory 120.

[0046]Memory 120 may also store a machine learning model trained to provide petiole
nutrient value outputs based on leaf spectral data inputs. The machine learning model
may be generated and trained by remote server 108. In some embodiments, remote
server 108 may receive a machine learning model generated by an external device.
Remote server 108 may train the received machine learning model and store the trained
machine learning model in memory 120. In other embodiments, the trained machine
learning model may be received by remote server 108 from an external device. Remote

server 108 may store the received trained machine learning model in memory 120.

[0047] The leaf spectral data inputs provided to the machine learning model may include,
for example, leaf spectral data generated by portable spectrophotometer 104 by taking
spectral measurements from leaf blades of plants. The petiole nutrient value outputs
provided by the machine learning model may include, for example, determined petiole
nutrient values for one or more nutrients such as N, P, K, Ca, Mg, S, Mn, Zn, Fe, B, Cu,
Al, and Na. The petiole nutrient values for the different nutrients may be expressed as

percentage values (of total mass), g/kg, and/or parts per million (ppm).

[0048] The machine learning model may be any suitable machine learning model based
on the input data to be analyzed, the output data requirements, the available training data
and/or available computing resources. In some embodiments, the machine learning
model may be a multiple linear regression (MLR) model. Lasso subset selection methods

may be performed for the MLR model to generate a lasso regression model. In other
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embodiments, the machine learning model may be a different model, for example, a

polynomial regression model.

[0049] The training data for the machine learning model may be generated by taking
spectral measurements of plants (e.g., reflectance spectral measurements from leaf
blade portions) and generating leaf spectral data that act as predictors (x) for the machine
learning model. Corresponding petioles of the plants may be removed and used for
laboratory tissue analysis. The laboratory tissue analysis results of the petioles can act
as responses (y) for the machine learning model. Models of correlation may be built
between the responses (y) and the predictors (x). Equation (1) below, provides an

example of a MLR model using correlation coefficients Bi:
y=p + X7, x:p; Equation (1)

[0050] The number of predictors (x) being larger than the number of responses (y) can
result in over-fitting of the MLR model. The accuracy of the MLR model may be improved
by using subset selection methods to select a subset of the predictors. In some
embodiments, lasso MLR modelling may be used as the subset selection method. In other
embodiments, other subset selection methods like stepwise subset selection or Bayesian

model averaging may be used.

[0051]Lasso MLR modelling may be used to identify the most informative, least
redundant predictors (wavelengths) using a complexity parameter (A) that controls the
amount of shrinkage: the larger that the value of A is, the greater can be the penalization
of the non-zero coefficients in the model, and consequently a greater shrinkage can be
imposed on coefficient values. A lasso regression model may be generated by selecting
the value of A that minimizes the root mean squared error (RMSE). The chosen A
parameter can determine the number of coefficients that will compose the lasso
regression model, which are selected as the ones with the greatest explanatory power in
relation to the target predictor. Model training and performance assessment may be
conducted, for example, using 5-fold cross validation, with the value of A chosen based

on the smallest RMSE. Table 1 below shows values for number, range, and first four
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significant wavebands resulting from Lasso MLR modelling of different elements for

example leaf spectral data obtained from potato plants.

Table 1 Values for number, range, and first four significant wavebands resulting from Lasso MLR
modelling of different elements for example leaf spectral data obtained from potato plants.

Element Number of bands | Range of bands (nm) e
wavebands (nm)

N 13 404-1828 660, 684, 404, 484
P 10 404-1924 708, 404, 540, 700
K 17 404-2300 404, 428, 588, 948
Ca 20 404-2100 404, 444, 588, 540
Mg 14 404-1940 700, 532, 1716, 524
S 18 404-1916 404, 588, 516, 1452
Mn 22 428-2492 660, 628, 428, 492
Zn 12 468-2124 1932, 524, 1852, 532
Fe 19 404-2316 1932, 636, 524, 2308
B 11 412-1932 684, 1932, 412, 460
Cu 23 428-2484 1940, 676, 428, 1716
Al 17 404-2316 1932, 2308, 524, 652
Na 20 548-2148 548, 972, 700, 1028

[0052] Processor 116 may input the received leaf spectral data (e.g., from portable
spectrophotometer 104) and/or stored leaf spectral data (e.g., in memory 120) into the
trained machine learning model. The machine learning model can determine petiole
nutrient values based on the leaf spectral data. For example, the machine learning model
can determine petiole nutrient values for N, P, K, Ca, Mg, S, Mn, Zn, Fe, B, Cu, Al, and

Na based on leaf spectral data generated by taking spectral measurements of leaf blades
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of potato plants. Processor 116 may receive the petiole nutrient values determined by the

machine learning model.

[0053] Processor 116 can provide a near real-time result indicating the petiole nutrient
values to a mobile device. For example, processor 116 may provide the near real-time
result to mobile device 42 of operator 38. For example, processor 116 may provide the
near real-time results to mobile device 42 less than 1 minute (e.g., within 0.01 to 30
seconds) from when the portable spectrophotometer sent the spectral measurements.
This may enable operator 38 to non-destructively collect near real-time results indicating

petiole nutrient values from multiple plants in a crop field.

[0054] Reference is now made to FIGS. 2 and 3. FIG. 3, shows a schematic illustration of
a result indicating petiole nutrient values provided by system 100 and graphically
displayed on mobile device 42. Mobile device 42 may include a touchscreen display 46
that provides an interactive display to operator 38. Touchscreen display 46 may provide
multiple display portions 50a-50c. For example, display portion 50a may provide a
graphical display of the determined petiole nutrient values. In the illustrated example,
display portion 50a provides bar graphs displaying determined petiole nutrient values for
six nutrients. In other embodiments, display 46 may not be configured to detect touch

inputs.

[0055] Display portion 50b may provide additional information regarding the determined
petiole nutrient values, for example, number of leaf spectral measurements taken,
confidence levels associated with the determined petiole nutrient values etc. Display
portion 50c may provide recommended corrective actions based on the determined
petiole nutrient values. In some examples, one or more of display portions 50 may include

other information unrelated to the results indicating the petiole nutrient values.

[0056] Referring now to FIG. 4, shown therein is a schematic illustration of an apparatus
200 for non-destructively determining petiole nutrient values in near real-time from plant
leaves in a crop field. In some embodiments, apparatus 200 may be implemented as a
server device (e.g., remote server 108 shown in FIG. 2). In other embodiments, apparatus

200 may be implemented using any other suitable hardware components. For example,
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apparatus 200 may be implemented as mobile device 42 (FIGS. 2 and 3), integrated with
portable spectrophotometer 104 (FIG. 2), or implemented as a companion apparatus

usable with portable spectrophotometer 104 (FIG. 2).

[0057] For the example embodiment illustrated in FIG. 4, apparatus 200 includes a
memory 208, an application 212, an output device 216, a display device 220, a secondary
storage device 224, a processor 228, an input device 232, and a communication device
236. One or more (or all) of memory 208, application 212, output device 216, display
device 220, secondary storage device 224, processor 228, input device 232, and

communication device 236 may be communicatively coupled by wire and/or wirelessly.

[0058]In some embodiments, apparatus 200 includes multiple of any one or more of
memory 208, application 212, output device 216, display device 220, secondary storage
device 224, processor 228, input device 232, and communication device 236. In some
embodiments, apparatus 200 does not include one or more of applications 212,
secondary storage devices 224, network connections, input devices 232, output devices

216, display devices 220, and communication devices 236.

[0059] In at least one embodiment, apparatus 200 includes a connection with a network
204 such as a wired or wireless connection to the Internet or to a private network. In some
cases, network 204 includes other types of computer or telecommunication networks.
Apparatus 200 may receive, over network 204, leaf spectra data generated by a portable
spectrophotometer (e.g., portable spectrophotometer 104 of FIG. 2) based on non-
destructive spectral measurements of a leaf of a plant (e.g., a potato plant) in the crop
field (e.g., crop field 34 of FIG. 2).

[0060] In some embodiments, apparatus 200 may receive the leaf spectral data directly
from the portable spectrophotometer by wire or wirelessly. In other embodiments,
apparatus 200 may receive the leaf spectral data generated by the portable

spectrophotometer from an intermediary device (e.g., mobile device 42 of FIG. 2).

[0061]Memory 208 can include one or more of random-access memory (RAM) and read-

only memory (ROM). In some embodiments, memory 208 stores one or more applications
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212 for execution by processor 228. Applications 212 correspond with software modules
including computer executable instructions to perform processing for the functions and

methods described herein.

[0062] Memory 208 may store a machine learning model trained to provide petiole nutrient
value outputs based on leaf spectral data inputs. The machine learning model may be
generated and trained by apparatus 200. In some embodiments, apparatus 200 may
receive a generated machine learning model from an external device (e.g., over network
204) and may train the received machine learning model. In some embodiments,
apparatus 200 may receive a trained machine learning model from an external device
(e.g., over network 204) and store the trained machine learning model in memory 208.

The machine learning model may be any suitable model, e.g., a lasso regression model.

[0063] In some embodiments, memory 208 may also store received leaf spectral data,
determined petiole nutrient values, and/or results derived from the petiole nutrient values
(e.g. a graphical representation of the petiole nutrient values). The stored data may be

retrieved by a user for historical data analysis.

[0064] Secondary storage device 224 may include any suitable non-transitory computer-
readable medium including instructions executable by a processor (e.g., processor 228).
For example, secondary storage device 224 can include a hard drive, floppy drive, CD
drive, DVD drive, Blu-ray drive, solid state drive, flash memory or other types of non-
volatile data storage. Processor 228 may execute instructions included on secondary

storage device 224 to perform processing for the functions and methods described herein.

[0065]In some embodiments, apparatus 200 stores information in a remote storage
device, such as cloud storage, accessible across a network, such as network 204 or
another network. In some embodiments, apparatus 200 stores information distributed
across multiple storage devices, such as memory 208 and secondary storage device 224
(i.e., each of the multiple storage devices stores a portion of the information and
collectively the multiple storage devices store all of the information). Accordingly, storing

data on a storage device as used herein and in the claims, means storing that data in a
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local storage device, storing that data in a remote storage device, or storing that data

distributed across multiple storage devices, each of which can be local or remote.

[0066] Input device 232 can include any device for entering information into apparatus
200. For example, input device 232 can be a keyboard, keypad, cursor-device,
touchscreen, camera, or microphone. Input device 232 can also include input ports and
wireless radios (e.g., Bluetooth®, or 802.11x) for making wired and wireless connections

to external devices.

[0067] Display device 220 can include any type of device for presenting visual information.
For example, display device 220 can be a computer monitor, a flat-screen display, a

projector or a display panel.

[0068] Output device 216 can include any type of device for presenting a hard copy of
information, such as a printer for example. Output device 216 can also include other types
of output devices such as speakers, for example. In at least one embodiment, output
device 216 includes one or more of output ports and wireless radios (e.g., Bluetooth®, or

802.11x) for making wired and wireless connections to external devices.

[0069] Communication device 236 can have any design suitable to receive analog and/or
digital inputs from, and to provide analog and/or digital outputs. In some embodiments,

communication device 236 may include separate modules for analog and digital signals.

[0070]Processor 228 may be any device that can execute applications, computer
readable instructions or programs. The applications, computer readable instructions or
programs can be stored in memory 208 or in secondary storage device 224, or can be
received from remote storage accessible through network 204, for example. Processor
228 may be a high-performance general processor, a standard processor (e.g., an Intel®
processor or an AMD® processor), specialized hardware (e.g., GPUs), or multiple

processing devices that collectively perform the functions provided by processor 228.

[0071] Processor 228 may input leaf spectral data (e.g., leaf spectral data stored in
memory 208) into a trained machine learning model (e.g., trained machine learning model

stored in memory 208). The machine learning model can determine petiole nutrient values
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based on the leaf spectral data. Processor 228 may receive an output from the machine
learning model that includes the petiole nutrient values determined by the machine

learning model.

[0072] In some embodiments, processor 228 can provide a near real-time result indicating
the petiole nutrient values to a mobile device (e.g., mobile device 42 of FIG. 2). The petiole
nutrient values may be graphically displayed on the mobile device. In other embodiments,
processor 228 may provide the results to display device 220 and the petiole nutrient

values may be graphically displayed on display device 220.

[0073]FIG. 4 illustrates one example hardware schematic of an apparatus 200. In
alternative embodiments, apparatus 200 contains fewer, additional or different
components. In addition, although aspects of an implementation of apparatus 200 are
described as being stored in memory, one skilled in the art will appreciate that these
aspects can also be stored on or read from other types of computer program products or
computer-readable media, such as secondary storage devices, including hard disks,
floppy disks, CDs, or DVDs; a carrier wave from the Internet or other network; or other
forms of RAM or ROM. For example, apparatus 200 may include a non-transitory
computer readable medium storing computer-readable instructions that when executed

by processor 228, configure processor 228 to perform method(s) described herein.

[0074]Referring now to FIG. 5, shown therein is a flowchart illustrating an example
method 300 of non-destructively determining petiole nutrient values in near real-time from
plant leaves in a crop field using a portable spectrophotometer. Method 300 may be
performed, for example, using system 100 (FIG. 2) or apparatus 200 (FIG. 4) and

reference is also made below to FIGS. 2 and 4.

[0075] Method 300 may be performed while carrying the portable spectrophotometer in
the crop field. For example, portable spectrophotometer 104 may be carried in crop field

34 on a person or vehicle.

[0076] At 308, non-destructive spectral measurements may be taken of a leaf of a plant

in the crop field using the carried spectrophotometer to generate leaf spectral data. For
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example, non-destructive spectral measurements may be taken of a leaf of a potato plant
using portable spectrophotometer 104. Portable spectrophotometer 104 can generate

leaf spectral data based on the spectral measurements.

[0077] At 312, the leaf spectral data may be stored in a memory. In some embodiments,
the generated leaf spectral data may be sent to aremote server over a network and stored
in a memory of the remote server. For example, portable spectrophotometer 104 may
send the generated leaf spectral data to remote server 108 over network 112 and remote

server 108 may store the leaf spectral data in memory 120.

[0078]In other embodiments, the generated leaf spectral data may be seht to a mobile
device and the mobile device may send the leaf spectral data to a remote server over a
network. The leaf spectral data may be stored in a memory of the remote server. For
example, portable spectrophotometer 104 may send the generated leaf spectral data to
mobile device 42 and mobile device 42 may send the leaf spectral data to remote server
108 over network 112. Remote server 108 may store the leaf spectral data in memory
120.

[0079] At 316, a processor may compute the petiole nutrient values based on the stored
leaf spectral data. The processor may compute the petiole nutrient values by inputting the
leaf spectral data into a machine learning model trained to provide petiole nutrient value
outputs based on leaf spectral data inputs. In response, the machine learning model may
output the petiole nutrient values to the processor. For example, processor 116 (or
processor 228) may input the leaf spectral data into a trained machine learning model
stored in memory 120 (or memory 208). The machine learning model may be a lasso

regression model.

[0080]At 320, a near real-time result indicating the petiole nutrient values may be
provided. In some embodiments, the near real-time result may be provided by sending
the petiole nutrient values to a mobile device. The petiole nutrient values may then be
graphically displayed on the mobile device. For example, remote server 108 or apparatus
200 may provide the near real-time result by sending the petiole nutrient values to mobile

device 42. Mobile device 42 may graphically display the petiole nutrient values.
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[0081]In some embodiments, method 300 may proceed to 308 if there are additional
leaves for measurement. For example, method 300 may loop through 308 to 320 for at
least five other plant leaves in the crop field within ten minutes. This may enable near
real-time results to be obtained indicating the petiole nutrient values corresponding to
non-destructive spectral measurements from multiple leaves in a short time period. In
turn this will allow the farm to contemporaneously react to the returned petiole nutrient
values (e.g., by adjusting the composition and/or quantity of fertilizer) before the nutrient
content of the measured plants has had time to change. This may improve the
effectiveness of the corrective actions, whereby the crop yield and/or quantity may be

improved.

[0082] While the above description provides examples of the embodiments, it will be
appreciated that some features and/or functions of the described embodiments are
susceptible to modification without departing from the spirit and principles of operation of
the described embodiments. Accordingly, what has been described above has been
intended to be illustrative of the invention and non-limiting and it will be understood by
persons skilled in the art that other variants and modifications may be made without
departing from the scope of the invention as defined in the claims appended hereto. The
scope of the claims should not be limited by the preferred embodiments and examples,

but should be given the broadest interpretation consistent with the description as a whole.
ITEMS

[0083]ltem 1: A method of non-destructively determining petiole nutrient values in near
real-time from plant leaves in a crop field using a portable spectrophotometer, the method
comprising: (a) taking non-destructive spectral measurements of a leaf of a plant in the
crop field using the portable spectrophotometer to generate leaf spectral data, (b) storing
the leaf spectral data in a memory; (c) computing, by a processor, the petiole nutrient
values based on the stored leaf spectral data; and (d) providing a near real-time result

indicating the petiole nutrient values.

[0084]ltem 2: The method of any preceding item, wherein said providing comprises

sending the petiole nutrient values to a mobile device.

8463743



21

[0085]ltem 3. The method of any preceding item, wherein said providing further

comprises graphically displaying the petiole nutrient values on the mobile device.

[0086] Item 4: The method of any preceding item, wherein said storing comprises sending
the leaf spectral data to a remote server over a network, wherein the remote server

comprises the memory and the processor.

[0087]Item 5: The method of any preceding item, wherein said storing comprises a mobile
device receiving the leaf spectral data and the mobile device sending the leaf spectral
data over a network to a remote server, wherein the remote server comprises the memory

and the processor.

[0088]ltem 6: The method of any preceding item, wherein said providing comprises
sending the petiole nutrient values from the remote server to the mobile device and

graphically displaying the petiole nutrient values on the mobile device.

[0089] Item 7: The method of any preceding item, further comprising repeating steps (a)

to (d) for at least five other plant leaves in the crop field within ten minutes.
[0090] Item 8: The method of any preceding item, wherein the plant is a potato plant.

[0091]Item 9: The method of any preceding item, wherein said computing comprises
inputting the leaf spectral data into a machine learning model trained to provide petiole
nutrient value outputs based on leaf spectral data inputs, the machine learning model

outputting the petiole nutrient values.

[0092] ltem 10: The method of any preceding item, wherein the machine learning model

is a lasso regression model.

[0093] Item 11: An apparatus for non-destructively determining petiole nutrient values in
near real-time from plant leaves in a crop field, the apparatus comprising: a memory
storing a machine learning model trained to provide petiole nutrient value outputs based
on leaf spectral data inputs; and at least one processor communicatively coupled with the
memory, the at least one processor configured to collectively: receive leaf spectral data

generated by a portable spectrophotometer based on non-destructive spectral
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measurements of a leaf of a plant in the crop field; store the leaf spectral data in the
memory; input the leaf spectral data into the machine learning model; receive an output
comprising the petiole nutrient values determined by the machine learning model based
on the leaf spectral data; and provide a near real-time result to a mobile device, the near

real-time result indicating the petiole nutrient values.

[0094] Item 12: The apparatus of any preceding item, wherein the petiole nutrient values

are graphically displayed on the mobile device.

[0095]Item 13: The apparatus of any preceding item, wherein the leaf spectral data
generated by the portable spectrophotometer is received over a network from the mobile

device.
[0096] Iltem 14: The apparatus of any preceding item, wherein the plant is a potato plant.

[0097] Item 15: The apparatus of any preceding item, wherein the machine learning model

is a lasso regression model.

[0098] Item 16: The apparatus of any preceding item, wherein the memory comprises one
or more of random-access memory (RAM), read-only memory (ROM), a hard drive, and

a flash memory.

[0099]Item 17: A non-transitory computer-readable medium comprising instructions
executable by a processor, wherein the instructions when executed configure the
processor to: receive leaf spectral data generated by a portable spectrophotometer based
on non-destructive spectral measurements of a leaf of a plant in a crop field; store the
leaf spectral data in a memory; input the leaf spectral data into a machine learning model
trained to provide petiole nutrient value outputs based on leaf spectral data inputs; receive
an output comprising the petiole nutrient values determined by the machine learning
model based on the leaf spectral data; and provide a near real-time result indicating the

petiole nutrient values.
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[0100]ltem 18: The non-transitory computer-readable medium of any preceding item,
wherein the leaf spectral data generated by the portable spectrophotometer is received

over a network from a mobile device.

[0101]ltem 19: The non-transitory computer-readable medium of any preceding item,

wherein the plant is a potato plant.

[0102] ltem 20: The non-transitory computer-readable medium of any preceding item,

wherein the machine learning model is a lasso regression model.

[0103]ltem 21: The non-transitory computer-readable medium of any preceding item,
wherein the memory comprises one or more of random-access memory (RAM), read-only

memory (ROM), a hard drive, and a flash memory.

[0104] Item 22: A system for non-destructively determining petiole nutrient values in near
real-time from plant leaves in a crop field, the system comprising: a portable
spectrophotometer configured to: generate leaf spectral data based on non-destructive
spectral measurements of a leaf of a plant in the crop field; and transmit the leaf spectral
data for receipt by a remote server via a network; and the remote server comprising a
processor and a memory, the memory storing a machine learning model trained to
provide petiole nutrient value outputs based on leaf spectral data inputs, the remote
server configured to: receive the leaf spectral data; store the leaf spectral data in the
memory; input the leaf spectral data into the machine learning model; receive the petiole
nutrient values determined by the machine learning model based on the leaf spectral
data; and provide a near real-time result indicating the petiole nutrient values to a mobile

device.

[0105] Item 23: The system of any preceding item, wherein the petiole nutrient values are

graphically displayed on the mobile device.

[0106]ltem 24: The system of any preceding item, wherein the portable
spectrophotometer is configured to transmit the leaf spectral data to the mobile device

and the mobile device transmits the leaf spectral data to the remote server.
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[0107]Item 25: The system of any preceding item, wherein the plant is a potato plant.

[0108]Item 26: The system of any preceding item, wherein the machine learning model

is a lasso regression model.

[0109] ltem 27: The system of any preceding item, wherein the memory comprises one or
more of random-access memory (RAM), read-only memory (ROM), a hard drive, and a

flash memory.

8463743



25

WE CLAIM:

1. A method of non-destructively determining petiole nutrient values in near real-time
from plant leaves in a crop field using a portable spectrophotometer, the method

comprising:

(a) taking non-destructive spectral measurements of a leaf of a plant in the crop

field using the portable spectrophotometer to generate leaf spectral data,
(b) storing the leaf spectral data in a memory;

(c) computing, by a processor, the petiole nutrient values based on the stored leaf

spectral data; and
(d) providing a near real-time result indicating the petiole nutrient values.

2. The method of claim 1, wherein said providing comprises sending the petiole

nutrient values to a mobile device.

3. The method of claim 2, wherein said providing further comprises graphically

displaying the petiole nutrient values on the mobile device.

4. The method of claim 1, wherein said storing comprises sending the leaf spectral
data to a remote server over a network, wherein the remote server comprises the memory

and the processor.

B. The method of claim 1, wherein said storing comprises a mobile device receiving
the leaf spectral data and the mobile device sending the leaf spectral data over a network

to a remote server, wherein the remote server comprises the memory and the processor.

6. The method of claim 5, wherein said providing comprises sending the petiole
nutrient values from the remote server to the mobile device and graphically displaying the

petiole nutrient values on the mobile device.

7. The method of claim 1, further comprising repeating steps (a) to (d) for at least five

other plant leaves in the crop field within ten minutes.
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8. The method of claim 1, wherein the plant is a potato plant.

9. The method of claim 1, wherein said computing comprises inputting the leaf
spectral data into a machine learning model trained to provide petiole nutrient value
outputs based on leaf spectral data inputs, the machine learning model outputting the

petiole nutrient values.

10.  The method of claim 9, wherein the machine learning model is a lasso regression

model.

11.  An apparatus for non-destructively determining petiole nutrient values in near real-

time from plant leaves in a crop field, the apparatus comprising:

a memory storing a machine learning model trained to provide petiole nutrient

value outputs based on leaf spectral data inputs; and

at least one processor communicatively coupled with the memory, the at least one

processor configured to collectively:

receive leaf spectral data generated by a portable spectrophotometer based
on non-destructive spectral measurements of a leaf of a plant in the crop
field;

store the leaf spectral data in the memory;
input the leaf spectral data into the machine learning model;

receive an output comprising the petiole nutrient values determined by the

machine learning model based on the leaf spectral data; and

provide a near real-time result to a mobile device, the near real-time result

indicating the petiole nutrient values.

12.  The apparatus of claim 11, wherein the petiole nutrient values are graphically

displayed on the mobile device.
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13.  The apparatus of claim 11, wherein the leaf spectral data generated by the portable

spectrophotometer is received over a network from the mobile device.
14.  The apparatus of claim 11, wherein the plant is a potato plant.

15.  The apparatus of claim 11, wherein the machine learning model is a lasso

regression model.

16.  The apparatus of claim 11, wherein the memory comprises one or more of random-

access memory (RAM), read-only memory (ROM), a hard drive, and a flash memory.

17. A non-transitory computer-readable medium comprising instructions executable by

a processor, wherein the instructions when executed configure the processor to:

receive leaf spectral data generated by a portable spectrophotometer based on

non-destructive spectral measurements of a leaf of a plant in a crop field;
store the leaf spectral data in a memory;

input the leaf spectral data into a machine learning model trained to provide petiole

nutrient value outputs based on leaf spectral data inputs;

receive an output comprising the petiole nutrient values determined by the

machine learning model based on the leaf spectral data; and
provide a near real-time result indicating the petiole nutrient values.

18.  The non-transitory computer-readable medium of claim 17, wherein the leaf
spectral data generated by the portable spectrophotometer is received over a network

from a mobile device.

19.  The non-transitory computer-readable medium of claim 17, wherein the plant is a

potato plant.

20.  The non-transitory computer-readable medium of claim 17, wherein the machine

learning model is a lasso regression model.
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The non-transitory computer-readable medium of claim 17, wherein the memory

comprises one or more of random-access memory (RAM), read-only memory (ROM), a

hard drive, and a flash memory.

22,

A system for non-destructively determining petiole nutrient values in near real-time

from plant leaves in a crop field, the system comprising:

23.

a portable spectrophotometer configured to:

generate leaf spectral data based on non-destructive spectral

measurements of a leaf of a plant in the crop field; and

transmit the leaf spectral data for receipt by a remote server via a network;

and

the remote server comprising a processor and a memory, the memory storing a
machine learning model trained to provide petiole nutrient value outputs based on

leaf spectral data inputs, the remote server configured to:
receive the leaf spectral data;
store the leaf spectral data in the memory;
input the leaf spectral data into the machine learning model;

receive the petiole nutrient values determined by the machine learning

model based on the leaf spectral data; and

provide a near real-time result indicating the petiole nutrient values to a

mobile device.

The system of claim 22, wherein the petiole nutrient values are graphically

displayed on the mobile device.
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24.  The system of claim 22, wherein the portable spectrophotometer is configured to
transmit the leaf spectral data to the mobile device and the mobile device transmits the

leaf spectral data to the remote server.
25.  The system of claim 22, wherein the plant is a potato plant.

26. The system of claim 22, wherein the machine learning model is a lasso regression

model.

27.  The system of claim 22, wherein the memory comprises one or more of random-

access memory (RAM), read-only memory (ROM), a hard drive, and a flash memory.
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ABSTRACT

A system, an apparatus and a method of non-destructively determining petiole nutrient
values in near real-time from plant leaves in a crop field using a portable
spectrophotometer are provided. The method may comprise: (a) taking non-destructive
spectral measurements of a leaf of a plant in the crop field using the portable
spectrophotometer to generate leaf spectral data, (b) storing the leaf spectral data in a
memory; (¢) computing, by a processor, the petiole nutrient values based on the stored
leaf spectral data; and (d) providing a near real-time result indicating the petiole nutrient

values.
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Take non-destructive spectral measurements of a
leaf of a plant in the crop field using a
spectrophotometer to generate leaf spectral data

Store the leaf spectral data in memory

Compute the petiole nutrient values based on the
stored leaf spectral data

Provide a near real-time result indicating the petiole
nutrient values
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