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

• Historical data – many decades of accumulated experience and 
data

• Variable data acquisition and storage methods
• The arrival of new technologies is getting faster and faster
• Huge competition, growing range of available solutions
• Lack of resources (intellectual, technical, material).
• The influence of weather conditions and other environmental 

factors
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Basic problem: integration of data in a unified environment, analysis and 
final product for the user
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Vidzeme University of Applied Sciences cooperation with 
Institute of Agricultural Resources and Economics

Education institution and an important bioeconomy industry research and 
leading field plant breeding institute with more than 100 years of history 

cooperation with high school.



History and operation 
• More than 100 years of experience
• AREI scientists and specialists works:

o In the bioeconomy sector
o In the department of grain technology and agrochemistry
o In field plant selection, agroecology and pre-election laboratory

• Priekuļi and Stende Research Centers, Technology 
Transfer Center and Agricultural Market Promotion 
Center 

• AREI's activities are spread throughout Latvia, 4 main 
locations, as well as participation in international projects 
(experience in Lithuania, Estonia, Sweden, Norway) 

• Much is being done in the field of knowledge transfer and 
learning new technologies, which is associated with 
various challenges 

• Cooperation with Vidzeme University of Applied Sciences
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Historical experience
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Experience of Norwegian colleagues



Today's activities
• Modern technologies, such as precision 

agriculture
• International projects
• Standardized work methods, work 

protocols
• New tools and software
• Conferences and webinars
• ...

6



International NOBAL Wheat Project

• A three-year project that gave us 
stability and confidence in what we do
o Higher work efficiency
o Improved competences
o Better productivity
o Innovative solutions
o Cooperation experience
o Market knowledge
o Strategic thinking
o New data collection methods
o Improved data processing

• International cooperation
• Experienced consultants
• Networking opportunities 

Phenomobile vs UAV
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Data series (3 years x 10 missions) using UAV
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Orthophoto map
• Gets data when and where it is 

needed, with the necessary 
accuracy and resolution

• Compatibility with other resources 
in the GIS environment

• Required GSD* at least 1cm
• Shift of images between missions no 

more than 3cm

*GSD (Ground Sampling Distance) it 
is also known as "ground surface 
resolution". This term is used in 
photogrammetry and remote sensing 
technologies to describe the spatial 
resolution of an image on the earth's 
surface. Basically, it indicates the 
distance on the ground represented 
by each pixel in the image.



RGB (color photo) and Multispectral camera
• RGB (Red, Green, Blue)
• RE, NIR (Red Limit, Near Infrared) 
• Photos are taken while flying, in consecutive 

series

The gray area is the research area. 
Image coverage not less than 70% and not 
more than 85%. 
If you want to get a 2D orthophoto, then 
point the camera vertically down. 
If a 3D object or surface model is required, 
the camera is turned at an angle of 
approximately 15 degrees from the 
vertical. 

Correct protocols needed to collect data



Field planning
• NUE trial design for 16 

genotypes at 2 N levels 
• Split field design - the 

field is divided into four 
main blocks, and the 
application of both N 
fertilization levels is 
randomly distributed 
among these four blocks. 

• Crop trial design, 300 
spring wheat genotypes

• Design of random blocks
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Proximal phenotyping (growth stages)
• GS21 Beginning of jam formation: 

• Cereals begin to form side shoots, which will be an additional source of 
grain. 

• GS65 Full flowering: 
• The plant is in full bloom and all the flowers have opened. 

• GS73 Beginning of milk ripening: 
• The grains begin to fill with a milky liquid, but are not yet fully ripe.

12
A challenge for an IT specialist, specific knowledge in agriculture is required



UAV missions
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An example of multispectral data analysis

NDVI 30-May-2023 
NDVI 03-Jul-2023 
We see differences that cannot 
be seen with the human eye

A challenge for an agricultural specialist, 
specific knowledge in IT, DB, 
remote sensing and GIS is required



Surface 
model analysis
• Open access LiDAR data 

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



LiDAR capabilities

• Several levels of light beam 
reflection

• Classification 

• Resources for research
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 and irrigation infrastructure

• Plant classification (vertical) 

• Horizontal distribution of plants

• Determination of vegetation density (ratio of vegetation to soil).

• Determining the amount of green mass

• Identification of contamination

• Biodiversity analysis 

• Assessment of carbon absorption



Technical resources

•We have
DJI Matrice 300 
Sentera Multispectral 
Pix4D Mapper
QGIS

•Purchased, but needs to be learned
DJI Zenmuse L2 LiDAR*

•New learning challenges
AI (Artificial Intelligence)
GIS (Geographic Information 
Systems) 
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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. 



Future intentions
• We must continue to do as we have 

learned (both historically and now).
• New opportunities for cooperation
• Improved data integration and 

analysis (proximal and remote 
phenotyping) 

• Use of AI
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•Proximal phenotyping: Uses close-up sensor 
technologies to obtain data about plants, for 
example using drones or mobile devices. Example: 
a drone 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: satellite images 
analyzing rural health or plant condition over large 
areas. 



Knowledge transfer, publications
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Today's activities
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• Barley project

• The weed project

• …

• Research and Methodology 
development



Research question and focus
• How can a scalable and flexible system be designed to integrate diverse data sources

(multispectral, LiDAR, IoT sensors) with actual manual field observations,
meteorological information, harvest data and historical data for precision agriculture?

• Focus: System architecture and modularity.

22

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.

Problem statement:
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-evolving



All stakeholders must come to a common 
understanding
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•This is the first version – general 
understanding
•The goal must be formulated to the 
end, separate tasks must be 
allocated
•Tools and methods must be chosen
•The author's new contribution 
must be specified

A transparent, universally understandable concept must 
be validated and verified



How to perform these tasks?

24

•Requirements model, the 
creation of which has several 
(as many as necessary) 
iterations
•Financing and implementation



Architecture for multispectral data 
acquisition, integration and analysis
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IoT data processing architecture
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Database: OCI as platform and flexible Data 
model
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Sun, R., Gregor, S., Fielt, E. (2021). Generativity and the paradox of stability and flexibility 
in a platform architecture: A case of the oracle cloud platform, Information & 
Management 58(8), 103548. 
https://www.sciencedirect.com/science/article/pii/S0378720621001221

Generativity.
It is a technology’s capability of 
producing new outputs without input 
from the originator.
Scalability. 
Ability to handle growing volumes of 
data and increasing complexity of 
processes as precision agriculture 
advances. 
Accesibility.
Easy access for different users, with 
varying levels of expertise.
Interoperability.
Compatible with various tools, 
databases, and platforms, allowing 
users to integrate other technologies 
or data sources easily. 



User interface, charts, reports
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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 to rapidly adjust systems to evolving data sources, tools, and technologies in agriculture.

Key novel aspects include:

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

• Modular and Service-Oriented Architecture: It introduces a modular structure that can be adapted to 
different agricultural tasks with minimal disruption, enhancing the ease of customization for various use 
cases and tools.

• Focus on Real-Time Data Integration: By providing a framework for seamless integration of diverse, 
multimodal data (e.g., geospatial, sensor, historical data), the methodology oriented to support real-time 
decision-making and data processing.

• Cross-Disciplinary Knowledge Transfer: The research addresses the gap between IT 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 are introduced, this methodology allows users to modify and expand the system as new technologies 
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Current challenges
• Submit publication
• LiDAR data processing workflows (methodology for AREI)
• Literature review
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Standard operating procedures for UAV phenotyping. url: 
https://excellenceinbreeding.
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_LiDAR_WACV_2022_paper.
Pdf.
Soumya Debnath, Manik Paul, and Tanmoy Debnath. “Applications of
LiDAR in Agriculture and Future Research Directions”. In: J Imaging
9.3 (Feb. 2023), p. 57. doi: 10 . 3390 / jimaging9030057. url: https :
//doi.org/10.3390/jimaging9030057
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