Methodology development to create
methods for acquisition and
integration of historical, UAV sensors

and loT data for agriculture

« Historicaldata-manydecades of accumulated experienceand
data TED4LAT

« Variable dataacquisition and storage methods

« Thearrival of newtechnologiesis getting faster and faster
« Huge competition, growing range of available solutions

- Lackofresources (intellectual, technical,material).

. 'fl'hci influence of weather conditions and other environmental
actors
Basic problem: integration of datain aunified environment, analysis and

final product for the user

Funded by
the European Union

Andris Lapans
Mg.sc.ing. ViA SSll Research Assistant
21 -Oct- AREIRemote Sensing expert

2024



VA

VIDZEME UNIVERSITY
OF APPLIED SCIENCES

| EUDRES

Vidzeme University of Applied Sciences cooperation with
Institute of Agricultural Resources and Economics

Educationinstitution and animportantbioeconomy industryresearchand
leadingfield plant breeding institute with more than100 years of history
cooperation with high school.




History and operation

 More than100 years of experience

 AREl scientists and specialists works:
o Inthe bioeconomy sector
o Inthe department of grain technology and agrochemistry
o Infield plant selection, agroecology and pre-electionlaboratory

- Priekuli and Stende Research Centers, Technology
Erarisfer Center and Agricultural Market Promotion
enter

- AREI's activities are spread throughout Latvia, 4 main
locations, as well as participation ininternational projects
(experienceinLithuania, Estonia, Sweden, Norway)

* Muchis being donein the field of knowledge transfer and
learning new technologies, whichis associated with
various challenges

« Cooperation with Vidzeme University of Applied Sciences



Historical experience

S
o5 un_ mevans  Sueifomp

e

f %TIMULE

#
Sadarbiba
ar ARE|
Stendes PC




Experience of Norwegian colleagues

Data pipeline from HTP with UAV

Collection of images by drone

* Collection of «big data»

* Time consuming
adjustments of images

» Large computer capacity
needed

» Qutcoming data difficult to
integrate with other results

/I/Gmmiao#/




Today's activities

Modern technologies, such as precision
agriculture

International projects

Standardized work methods, work
protocols

New tools and software
« Conferences andwebinars

;1";.\-- ! LITHUANIAN U

vr"l_.‘ RESEARCH CENTRE BJ MNorwegian University
o ~ FOR AGRICULTURE M 4 of Life Sciences

\{ -/; AND FORESTRY N

(¢

Estonian
Crop Research
Institute
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International NOBAL Wheat Project

TR

- Athree-yearprojectthatgave us
stability and confidenceinwhat wedo

o Higher work efficiency

o Improved competences

o Betterproductivity

o Innovative solutions

o Cooperation experience

o Marketknowledge

o Strategic thinking

o Newdata collection methods
o Improved dataprocessing

* International cooperation
« Experienced consultants
* Networking opportunities




Data series (3 years x 10 missions) using UAV

03.06.2022

16.07.2022



Orthophoto map

+ Getsdatawhenandwhereitis
needed, with the necessary
accuracy andresolution

- Compatibility with otherresources
inthe GIS environment

* Required GSD* atleasticm

- Shiftofimagesbetweenmissionsno
more than3cm

*GSD (Ground Sampling Distance) it
is also known as "ground surface
resolution”. Thistermisusedin
photogrammetry and remote sensing
technologies to describe the spatial
resolution of animage on the earth's
surface.Basically,itindicates the
distance on the groundrepresented
by each pixelintheimage.




RGB (color photo) and Multispectral camera

 RGB (Red, Green, Blue)
* RE, NIR (Red Limit, Near Infrared)

* Photos are taken while flying, in consecutive
series

Correctprotocols neededto collect data

image width

-—

image
height

Thegrayareais theresearcharea.

Image coveragenotless than70% and not
o more than 85%.

If youwant to geta2D orthophoto, then

point the cameravertically down.

ovrep If a3D object or surface modelisrequired,

the camerais turned at an angle of
approximately15 degrees fromthe
vertical.




Field planning

N75
Randomized

N75

Randomized

- - %
" Genotypesat SN levels g |2
g typ t2NI | :
« Splitfield design-the :
f' Id' d' 'd t f 6 11 | 14 5 m_
ieldis divided into four :
mainblocks,and the
licati fbothN
applicationofboth 2o s
randomly distributed |
among these four blocks. sl 7l
. .
 Crop trlall‘deflgn, 3t00
spring wheat genotypes
.
 Designofrandomblocks
Replication 1; randomized Replication 2; randomized |
1 2 3 4 [ 2 k k] 10 11 12 14 16 20 21 22 24 25 26 7 28 30 31
NW244| NWES | NW2TS| NW171 | NWI74| NW254 | NW151 | NW173| NW77 | NW228] NW2 | NWI1S | NWES | NW246| NWIS1 | NW232 | NW2s4 | > NW300| NW49 | NW117| NW60 | NW71 | NW263 | NWI1SL| NW111 | NW261 | NW209 | NW300 | NW256| NW13
NW2S5| NWI146| NW263 | NW203 | NW27 |[NW104| NW1 | NWIT0|NW20L | NWI122 [NWI29| NW163 | NW280| NW148 | NWIS0| NW175 | NW165)| NWILS| NW72 | NWBS | NW249 | NWI45| NWéo | NWe | NWI29| NW34 | NWIS2|NWI128| NW12 | NW32 |}
NWES | NWI109 | NWI0T| NW76 [ NW248| NW7T4 | NW4T | NWI120| NW229 | NW177 | NW231| NW43 | NW200| NWEs | NWIIT| NWE2 | NWOS | NW266| NWS3 | NWI1S6| NW253 | NW109 | NW2S4 | NW283 [ NWI43 | NW108 | NWI17 | NW217| NW147| NW160 | NW252
NW283 | NW2S6| NWI1S0| NW299 | NW270| NW3§ | NWE4 | NW&3 | NWISL| NW222 | NW2§5| NW20§| NW37 | NW209 | NW28E8| NW32 |NWISS| NW133 | NWI1S4 [ NWIST| NWS36 | NWISS | NWI2S| NW243 | NW209| NWET | NW2 | NWé4 | NWIL03 | NW205| NW132| >
NW200| NW79 | NWIST| NWS1 | NWILIS|NWI1S| NW22 | NW6l | NW12 | NW172| NWe1 | NW142| NW277| NW NW260| NW24 | NWI36] NWES | NWI43 | NW2S3INW2SL | NWéS | NWI2 [ NW110| NW218| NWIe2 | NW23T] NW35 | NW1S4] NW31 | NW32 |
NWIOP| NW213 | NW2LS| NW2ss | NWI4 | NW3s | NWES | NTW2s | NW243| 3 NW292| NWI121| NW73 | NW30 | NWIPT| NW130| NWI102| NW30 | NWSES | NW252| NWI49| NWo7 | NW73 [ NW230 | NW235| NW171 |[NWI30| NWes | NW1s4| NW1l | Nwss
NW226| NW130| NW42 | NWI116| NW2S7| NW161| NW43 | NW262 | NW2e7 NWI27| NW3l | NW29 | NW16S | NWISE| NW268| NWP | NWI32 | NW279| NW237| NW223 | NW40 [ NW250| NW138 | NWIES | NW106| NW33 | NWES | NWI0 | NWSE3S | NWes |
NWII0| NW2E6 | NWI31| NW141| NW4S | NW269| NWe0 | NW214| NW21 NWIEQ| NW233 | NW2I2| NW17§ | NWI44| NW7T | NW206| NW225 | NW2I9| NWE3 | NWo3 | NW33 | NWSS | NW279| NW2S | NW37 |[NWIS6| NW1S | NW270| NW240| NW76 | >
NWSET | NW4 | NWIS [ NW193| NWS |NWI112| NWS2 | NW294 | NW2SL | NW247| NWée | NW3 | NW51 | NW§ |[NWISS| NW3¢ | NWI1 | NW249| NWI6 | NW34 | NW205| NW141 | NW166| NW172 | NW288| > NWIS | NWT0 | NW247| NW43 | NW241|>
NW232| NWI1S0 | NWIS0| NW40 | NW2IS| NW184 | NW20S| NWe4 [ NW234| NW6S |[NWI179| NW2S0| NWI156] NW78 | NW224 | NW135| NW60 | NW271 | NW2L1 | NW227] NW3S | NW29 | NWS0 | NW287| NW20 | NW205 | NW2ST| NW297 | NWLT8| NW148 | NW230]
NW208| NW158 | NW275| NW230| NW240| NW183 | NW36 | NWeo | NWI13 | NWos [NW223| NW152| NW2T2| NW2S51 | NWISS| NW217| NWI17 | NWI19 | NW236| NWISS| NWIE | NW292| NW4 | NWI05|NW282| NWSl | NW4l | NW3 | NWE2 | NW298 | NW245( ) 16 06 202 2 NW285
NW23B| NW241 | NW242 | NW108| NWHS | NW235| NW20 | NW134 | NWISS| NW207 | NWIES| NW70 | NWI10 [ NWI128| NW204 | NW1l4] NWS | NW167|NW210| NW2S| NWI160| NW236| NW8L | NW4s | NWII3| NW212| NWEL | NW205 | NW134| NW293 | NW168! . NW3e
NWE0 | NW103 | NWILI|NW221| NW33 | NW284 | NW205| NW62 [ NWISS| NWod | NWIS2| NW216| NWe3 | NW273 | NW2S8| NW140| NW26 | NW38 | NW4L | NW145| NW227| NW204 | NWI25 | NW120 | NW280 | NW144| NWS4 | NW268| NW1S0| NW215 | NW200/ » NWi02
NW267| NW113 | NWI0S| NTW282 | NWI23 | NW101 | NWISS| NW137| NWI24| NW6T | NWI62| NW27T6| NWI92| NW147| NWT1 | NW2E7| NW2S9| NW108 | NW44 [ NW281] NW72 | NWSS | NW24 | NW244 | NWIOT| NWI100 | NW284]| NWes INWLIS| NW3S | NW222| NW26S| NW114| NW207 | NWISS| NW37 | NW262| NW177| NWS1 | NWeo
NWIS3 | NW149 | NWI3E] NW23 | NW202| NW100 | NW194| NW37 | NW28 | NW184 | NWO2 | NW293 | NW39 | NW125| NW4S | NW176| NW2OE| NWo7 | NW220[ NWs4 [ NWIIG| NW179| NWTS | NW1535 | NW214| NW202 | NW45 | NW123 | NWISS| NW127|NW139| Nu .90[.\‘“‘121[).‘\\'-19]?\‘“’296] .\'\‘.‘255'.\'\1’“ |.\1\‘26 I}\‘W!lll.\".\'l?-i

11



Proximal phenotyping (growth stages)

« GS21Beginning of jam formation:

« Cerealsbegintoform side shoots, which will be an additional source of
grain.

« GS65Fullflowering:

* Theplantisinfullbloom and all the flowers have opened.

« GS73Beginning of milk ripening:
* The grainsbegin to fill with a milky liquid, but are notyet ful]y ripe.

Beginning of tillering 8

A challenge for anIT specialist, specific knowledge in agricultureis required

12



UAV missions

6-26-Jun
7-03-Jul
8-11-Jul
9-20-Jul
10-31-Jul

13



An example of multispectral data analysis

NDVI30-May-2023-
NDVI03-Jul-2023

We seedifferences that cannot
be seen withthe humaneye

A challenge for an agricultural specialist,
specificknowledgeiniT, DB,
remote sensing and GIS is required
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Surface |
model analysis

« OpenaccessLiDARdata

* Field height model from
photographs (99-102m a.s.l.)

OO OO oo

& Jv-may-3uv_asm

=* 07-Jun-3D dsm
Band 1 (Gray)

I 10:

99



LIDAR capabilities

« Severallevels of lightbeam
reflection

« Classification

« Resourcesforresearch

o https://levelfivesupplie
s.com/100-real-world-
applications-of-lidar-
technology/




Applicability

« Surface models (water runoff, depressions, erosion)

« Microtopography (analysis of the surface "hidden" under grass, moss, plant
remains)

» Evaluation of field soil

« Analysis of land reclamation andirrigationinfrastructure

« Plantclassification(vertical)

» Horizontal distribution of plants

- Determination of vegetation density (ratio of vegetation to soil).
* Determining the amount of greenmass

 Identification of contamination

+ Biodiversity analysis

+ Assessmentof carbon absorption



Technical resources

*We have
*DJI Matrice 300
»SenteraMultispectral
=Pix4D Mapper
=QGIS
*Purchased, but needs to be learned
*DJIZenmuse L2 LiDAR*
*New learning challenges
=Al (Artificial Intelligence)
=GIS (Geographic Information
Systems)

&
=isentera

LiDAR(Light Detection and Ranging)is a technology that uses laser beams to measure distances and create
three-dimensional (3D) images and models of the surrounding environment. 18



Future intentions

« We must continue todo as we have
learned (both historically and now).

 New opportunities for cooperation

 Improved dataintegration and
analysis (proximal and remote
phenotyping)

« Use of Al

*Proximal phenotyping: Uses close-up sensor
technologies to obtain data about plants, for
example using drones or mobile devices. Example:
adrone camera that captures high-resolution
images from the field.

‘Remote phenotyping (Remote Sensing): Satellites
or aircraft are used to observe and analyze large
areas from a distance. Example: satelliteimages
analyzing rural health or plant conditionover large
areas.
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TodaySactivities @

 Barleyproject

« Theweedproject

* ResearchandMethodology
development



Research question and focus

« How can a scalable and flexible system be designed to integrate diverse data sources
(multispectral, LIiDAR, loT sensors) with actual manual field observations,
meteorologicalinformation, harvest data and historical datafor precision agriculture?

* Focus: System architecture and modularity.

Problemstatement:

Integrating multispectral, LiDAR,
sensor, and historical data into a
unified geospatial model for
precision agriculture presents key
challenges. The gap between
technical experts and agricultural
professionals highlights the need for
a unified approach, shared
understanding, and clear

methodology for data acquisition and
transformation in an ever-evnlvina

Aim of this work:

To develop a comprehensive
methodology for designing and rapidly
adjusting data acquisition, processing,
and maintenance systems for data
science applications in precision

agriculture. -



All stakeholders must come to a common
understanding

Anafize, prezenticijs

‘This is the first version-general '

understanding [= S
*The goal mustbe formulatedto the sensons o ek da g | e i s

end,separate tasks mustbe ... spstrides tehnolodis p—, sl
allocated o
-Tools and methods mustbe chosen
*The author's new contribution
must be specified

A transparent, universally understandable concept must
be validated and verified 23



How to perform these tasks?

‘Requirements model, the
creation of which has several
(as many as necessary)
iterations

*Financing and implementation

24



Architecture for multispectral data
acquisition, integration and analysis

[Researcher] .
Breeder 5 .
[Fieid expert] £ . E
: [Pix4D Mapper, QGIS, SQL/PLSQL scripts]
: Data scientist

emote sensing : ' [Agronomic Analyst]
expert : ETL layer i
[Multispectral data analyst] \ [Transform images to numbers]

IT expert
[Software and data

UAV and loT data . Data Computation
[-UAV: DJI Phantom 4 MS Raw data 'fonpremises | \yarehouse [SQUPLPSQL scripts]

—Sensors: univ. device] Ik Shorage] [OCI Oracle]

Data source layer Data management layer Data Analysis layer
[Collect own and external data] [Store and maintain raw and processed data)] [Analysis, reports and charts]

25



0T data processing architecture

Temperature sensor

loT Device
[Field data collection system]

LoRaWAN Gateway
[Communication protocol]

Long-range, low-power wireless

The Things Stack
[Server]

LoRaWAN network server

MQTT Broker
[Server]

Intermediary between publishers and
subscribers

Infrastructure layer
[Elements of infrastructure layer]

MQTTCLI

Command line interface fo interact with broker

4 Slorage and transformation

Data processing layer
[Handling and processing data within the system)] 26



Database: OCl as platform and flexible Data
model
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User interface, charts, reports

NDVI vs HWPH
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Novelty

Flexibility and adaptability, user-oriented design: Unlike existing solutions, which often provide rigid
frameworks for specific problems, this methodology offers a scalable and modular approach, allowing
users torapidly adjust systems to evolving data sources, tools, and technologies in agriculture.

Key novel aspectsinclude:

Customizable and Dynamic System Design: The methodology emphasizes the ability to quickly integrate
new tools, such as UAV-based multispectralimaging, LiDAR, loT sensors, and historical data. This
flexibility is crucial for addressing the constantly changing technologicallandscape in precision
agriculture.

Modular and Service-Oriented Architecture: ltintroduces amodular structure that canbe adapted to
different agricultural tasks with minimal disruption, enhancing the ease of customization for various use
cases and tools.

Focus on Real-Time Datalntegration: By providing aframework for seamless integrationof diverse,
multimodal data (e.g., geospatial, sensor, historical data), the methodology oriented to supportreal-time
decision-making and data processing.

Cross-Disciplinary Knowledge Transfer: The research addresses the gap betweenlIT specialists and
agricultural professionals, offering methods to enhance collaboration,reduce friction, and promote
knowledge sharing across domains.

Rapid Customization for Emerging Technologies: Unlike other systems that may become outdated as new®
tools areintroduced. this methodoloav allows users to modifv and exnand the svstem as new technoloaies



Current challenges

« Submit publication
- LIDAR data processing workflows (methodology fi
 Literaturereview

Standard operating procedures for UAV phenotyping. url:

https://excellenceinbreeding. T E D4L AT
org/sites/default/files/manual/EiB_M4_%20SOP-UAV-Phenotyping-
12-10-20.pdf.

Biomass Prediction with 3D Point Clouds from LiDAR. url: https://
openaccess.thecvf.com/content/WACV2022/papers/Pan_Biomass_
Prediction_With_3D_Point_Clouds_From_LIiDAR_WACV_2022_paper.
Pdf.

SoumyaDebnath, Manik Paul,and Tanmoy Debnath. “Applications of
LiDARIn Agriculture and Future Research Directions”.In: JImaging
9.3 (Feb.2023),p.57.d0i:10.3390/ jimaging9030057.url: https:
//doi.org/10.3390/jimaging9030057

Funded by
the European Union
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