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Overview of Smart Agriculture

= Trends in agriculture applications
— Incorporating advanced machinery and technologies
— Utilizing Al, Big Data, and IoT
— Increasing connectivity between components and users
— Embracing digital transformation in producers and consumers

Smart agriculture integrates autonomy and intelligence for
actionable insights to optimize yield, efficiency, quality, sustainability
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Smart Agriculture: Actionable Insights from Autonomy + Intelligence

N Satellite Data
loT - Weather Data
Data aggregation Cloud + Al Past Op Data
5G [ Big Data ]
________________________ . Process management - Quality improvement
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Robotics in Smart Agriculture: Variety of Applications

[ Data Collection ] [ Seeding ] [ Pest Removal ]

{ Monitoring ] { Spraying ] { Harvesting/Picking ] { Transport ]

[Surveying/Measurement] { Tilling/Plowing ] { Planting ]
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Autonomous Technologies for Agriculture Robotics
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Agriculture Systems and Technologies

TAFE Expedites Development of Embedded Control Software
for Agricultural Tractors Using Model-Based Design

Challenge

Reduce development time for agricuttural
eguipment control software

Solution

Use Model-Based Design to develop controller
and plant models, verify the control design with
SIL and HIL simulations, and generate
production C code

Results
= Project delivery time shorenad by more
than 0%
* Multidomain simulation enabled
= Field testing effort reduced by months

Link

“Model-Bazed Deslgn /g 8 fundarmental requirerment for leams
that need to take on larger projects of increasing complaxity. At
TAFE, If reduced the effort required i witually every slage of
fhe profect, including plant modeling, soffwane development,
and all phazes of festing.”

- Huchin Karthik, Tractors and Farm Equipement Limiled
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Efficient development with
Model-Based Design
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CNH Develops Intelligent Filling System for Forage

Harvesters

Challenge

Simplify the operation of forage harvesters by
automating the process of filing trailers with comn,
grass, and other crops

Solution

Use Model-Based Design to develop, test, and
implement an automated control system that uses
30 camera dafa to position the filer spout

Results

* Development times halved

» Generated code immediately operational
* Industry innovation award won

Link

A forage harvester with the IntelSFjI™
system from CHH's FREOMD series

“Wirh Model-Based Design we spent most of aur fime
developing and oplimizing the system. Almost no Kme was
Spent implamenting it in C ar debugging code, There's ho
diffarence in perfarmance belween the Sirmulink rmodel rumming
on a iaphop and production code.”

- Kargd Viaana, CNH



https://www.mathworks.com/company/user_stories/cnh-develops-intelligent-filling-system-for-forage-harvesters.html
https://www.mathworks.com/company/user_stories/tafe-expedites-development-of-embedded-control-software-for-agricultural-tractors-using-model-based-design.html

Autonomous Systems and Technologies
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https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/jp/2017/c3-yamaha-uav.pdf
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Autonomous Systems and Technologies
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Musashi Seimitsu Industry Co., Ltd. Develops

Prototype of Industrial Autonomous Carrier Robot LAB ond Siliok, e devigned =
in S 'IX MOHTh S prototype for the motion controller and tested it

on the hardware within @ menth. The localization

Usi

Haruki Takemoto and Kenneth Renny Simba,
Musashi Seimitsu Industry Co., Lid.

Musashi Seimitsu Indusiry Co. Lid. developed o prototype sysiem of an industrial autonomous
carrier robot in six months. Developing an independent fourwheel steering system, especially
tuning the mofion controller iterafively, is very chollenging. To minimize iterative development,

Musashi Seimitsu Industry adopted ModelBased Design.

=d ond challenges were

Flow of
explanation

Musashi Seimitsu engineers used Simulink® to model the complex vehicle dynamics and used
simulafion fo oplimize the motion controller parameters.

In addifion to sensors, the autonomous driving vehicle will need to have maps of the
emnvironments and the ability to estimate an egocentric pose of the vehicle within the map.
Using Robotics System Toolbox™, the engineers built two-dimensional maps offine and
tested the localization algorithm with the mops in simulation.

State
1. Object detection — control
Position estimation

The next challenge is localization with lidar and other sensors. Musashi Seimitsu enginears
will work on sensor fusion 1o integrate the IMU and odomeiry.

Advantages of using MATLAB:

¢ Shortened development time for funing confroller algorithms by performing simulation

| 2. Path p|anning recognition

* Tesied lidarbased localization algerithm in deskiop simulation

3. Speech
recognition

» Learn how to implement SLAM with lidar scans

I

» Robotics and autonomous systems

| 4, State machine

Object detection

Position estimation Acquisition of
sensor value

Autonomous systems development
with MATLAB/Simulink

YAS KAWA Corporation



https://www.mathworks.com/content/dam/mathworks/case-study/musashi-seimitsu-customer-case-study.pdf
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/products/robotics/implementation-of-verification-of-picking-system-for-industrial-robot-using-ros-and-matlab-yaskawa.pdf
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“If a farmer in some other part of the world can get our

The autonomous electric tractor provides insights about tractor and make more money while being more
pests and plant health, reduces greenhouse gas sustainable and provide us with more nutritious food, |
emissions, and conserves resources. think that's a win-win-win."

— Praveen Penmetsa, Monarch Tractor cofounder and CEO


https://www.mathworks.com/company/mathworks-stories/smart-electric-tractor-uses-ai-for-autonomous-operation.html
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UAV Data Utilization
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"In the next few years, computer vision, machine learning, and robotics
will increasingly converge to help growers produce more food, more

efficienily, and achieve greater financial returns in the process.”

— Al Eisgian, CEQ, IntelinAir

Getting into the Weeds:
Farmers Rely on Artificial Intelligence to Boost Production

"It's time-consuming to walk an entire field, but aerial imagery can provide
the detailed information needed for both in-season insights and end-of-

season guidance on what fo change to improve next year's crop. There is

a lot of research and development focused on these applications from an

agronomic perspective.”

— Dr. Joe luck, Associote Professor of Biological Systems Engineering, The University of

Mebraska-Lincoln
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https://www.mathworks.com/company/mathworks-stories/ai-aerial-image-analysis-for-agriculture.html

4\ MathWorks

l dd L™
auuaa—
[ { L L
auaea_—
l {d A
aunuaea—
r (L
aauaea—

UAV Data Utilization
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https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/jp/2021/3d-data-analysis-in-the-agriculture-and-forestry-fields-using-lidar-and-images.pdf
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Digital Twins and Predictive Maintenance
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Krones Develops Package-Handling Robot Digital Twin

Challenge

Increase the performance of an automated beverage-
packaging system by incorporating a dynamic tripod robot
into the design

Solution
Use Simulink and Simscape Multibody to create an

accurate digital twin that supports design optimization, fault
testing, and predictive maintenance

Results
= Raobot performance increased
= Product development time shortened
= Testing time significantly reduced

Link

The Krones Robobox T-GM package-handling robot.

“Simulations of the digital twin fn Simulink enabled us
to obtaln data and Insights that would be either
Impossible to get via hardware tests or simply too
costly and time-consurming. Visualizing forces and
moments helped us to understand the effects of
Individual components on a highly dynamic robot.”

- Benedikt Biticher, Krones

2B

4\ MathWorks:

Optimization and operational management
with MATLAB and Simulink

Mondi Implements Statistics-Based Health Monitoring
and Predictive Maintenance for Manufacturing Processes

with Machine Learning

Challenge
Reduce waste and machine downtime in plastics
manufacturing plants

Solution

Use MATLAE to develop and deploy monitoring and
predictive maintenance software that uses machine
learning algorithms to predict machine failures

Results
* More than 50,000 euros saved per year
* Prototype completed in six months
* Production software run 24/7

Link

Cirve of Mondi Gronau™s plastic production
machines. which deliverabout 18 million tons of
plastic and thin s prodects anmually.

“MathiWarks Conzuiting's support '3 amang the hesal i've seen;
fhe conswitants are fast and excepiionally knowledgeabis.
We've already een & positive retum an \nvesiment fram cosl
savinge, and now we have mare budget and Hme i complels
more machine leaming projects thal will provide similar
benefifs

- ir Michasi Kotlart. Mord

12



https://www.mathworks.com/company/user_stories/mondi-implements-statistics-based-health-monitoring-and-predictive-maintenance-for-manufacturing-processes-with-machine-learning.html
https://www.mathworks.com/company/user_stories/krones-develops-package-handling-robot-digital-twin.html
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Baker Hughes Develops Predictive Maintenance Software
for Gas and Oil Extraction Equipment Using Data Analytics

and Machine Learning

Challenge
Develop a predictive maintenance system to reduce
pump equipment costs and downtime

Solution

Use MATLAB to analyze nearly one terabyte of data
and create a neural network that can predict machine
failures before they occur

Results
= Savings of more than $10 million projected

= Development time reduced tenfold
= Multiple types of data easily accessed

Link to user story

Truck with positive displacement pump.

‘MATLAB gave us the ability to convert previously unreadable
data into a usable format; automate filtering, spectral analysis,
and transform steps for multiple trucks and regions; and
ultimately, apply machine learning techniques in real time to
predict the ideal time to perform maintenance.”

- Gulshan Singh, Baker Hughes

13


https://www.mathworks.com/company/user_stories/baker-hughes-develops-predictive-maintenance-software-for-gas-and-oil-extraction-equipment-using-data-analytics-and-machine-learning.html
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Satellite Data Utilization
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NASA Develops Early Warning System for PR L
Detecting Forest Disturbances

dd?;nr"turq from 2011

Mo the period endihg B e

Challenge
Develop a system that uses satellite imagery to quickly
detect forest disturbance threats from insects, drought,

storms, blights, wildfires, and other events
A\ MathWorks

Solution v I A |
Use MATLAB to process multispectral satellite images, Lﬂ;fn':g‘;"ii'tﬁm‘.;ﬁ;? T T T KIOST D8V8|0p8d LSTM Deep Learning Model for Early
construct multidimensional time-series data baselines, following a 2012 hail storm. Image courtesy ForWarn. Prediction Of Red Tide Occurrence

and analyze terabytes of data to help detect regionally

evident forest disturbances "Soon after ForWarn moved Into production, it defected

previously unnoticed hail damage that posed a threat fo a Challeng e -
Results watershed. We would not have been able to do this work as . . e
= New ideas implemented and tested in hours efficiently without MATLAB." Predict harmful algal blooms, which hurt the coastal i = |
= Years of development time saved — Duane Armstrong, NASA Stennis Space Center ecology as well as the economy for fish farms
= Reusable production software delivered to growing Solution
user community Develop an LSTM deep learning model from satellite data
Link 14 of sea surface temperature and photosynthetically related S
radiation sequences Deep learning model that predicts occurrence of red tides.
Advantages of Using MATLAB and Simulink
= Leveraged high-level APIs for applying time-series “With domain-specific functionality in MATLAB
data processing toolbaxes and rich documentation examples, we can
= Used reference examples to accelerate algorithm rapidly develop time-series based deep learning
. . . development and prototyping fmagels.”
Satel I ite d ata ana IySIS usi ng = Achieved 94-100% accuracy with multi-year data sets - Soo Mee Kim, Ph.D, Korea institute of cean & Science
. . Technology
deep learning techniques | |
p g q Link (Korean Video)

15
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https://www.mathworks.com/company/user_stories/nasa-develops-early-warning-system-for-detecting-forest-disturbances.html
https://www.mathworks.com/videos/matlab-based-development-for-maritime-data-sensing-and-processing-1594663829680.html
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Wireless and Deployment

-‘k MarhWorks

loT

Lekha Wireless Accelerates Development and Interoperability
Data aggregation

Testing of 5G NR Technology

Challenge - H O EESe)
Accelerate the development of 5G NR physical layer IP s v H e R | H OT
and reference solutions | : : : :

Solution

Use MATLAB and 5G Toolbox to design, analyze, and
verify the functionality and performance of complete 5G NR

oS signalchains T
Results _ . | A\ MathWorks
= Development time halved “With MATLAB and 5G Toolbox we can perform unit-
* UE test framework setup time reduced from & months v fnetionsi venieston and perormence Shanghai Electric Builds and Deploys Cost-Saving Enterprise Software
to less than a month validation of our signal chains long before RF testing . . . . i
« RF testing times cut by 80% When engineers deliver to the integration branch, we for Planning and Designing Distributed Energy Systems
know the modules are fully qualified before we
perform end-to-end tests.” Challenge
- Gurucharan Acharya, Lekha Wireless Solutions Develop web-accessible software for planning and
Link designing distributed energy systems

Solution

Use MATLAB to develop algorithms that compute
investment return based on models of energy
production subsystems, loads, and grids, and then use :
MATLAB Production Server to deploy the algorithms in DES-PSO web user inferface
a production IT system

‘My team’s expertise is in energy modeling or algorithm

Investigate communication systems e — A e st et o oot i

MATLAE saved us months of development time on the

De p I oy a p pl icati 0 nS = 2 million Chinese )"_Jan 53'_“'9(1 ona Sin_gle project modeis and algorithms, and then made it easy to deploy
= Updates deployed immediately and without IT them as part of a stable, reliable web application without
assistance recoding.”
- Yunjiso Gu, Shanghal Electic
Link \

15


https://www.mathworks.com/company/user_stories/lekha-wireless-accelerates-development-and-interoperability-testing-of-5G-nr-technology.html
https://www.mathworks.com/company/user_stories/shanghai-electric-builds-and-deploys-cost-saving-enterprise-software-for-planning-and-designing-distributed-energy-systems.html
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Universidad de Almeria Develops and Deploys Greenhouse Models

as a Service to Maximize Crop Production

Challenge

Accelerate the development and deployment of
greenhouse models used to maximize crop production

Solution

Use MATLAB to develop models for climate, irrigation, and
crop production and use MATLAB Production Server to
deploy the models as a web-accessible service

Results

= Cloud deployment time cut by more than 90%
= Model updates accessed immediately
= Greenhouse revenues increased by 15%

Link to user story

Temperature set-points

Production prediction

4 Weather
service

Irrigation
service

Production

service I -

“Veg o

. Disease
' service
MATLAB

Irrigation set-points

Early warning

The greenhouse models as a service system (GMaaS)
developed by Universidad de Almeria researchers.

“With MATLAB Production Server, deploying a new
model is simple. | develop and test the model on my
computer in MATLAB, compile it into a package, and
then upload the package to the server. | don’t need to
recode the model myself or involve other

programmers.”

- José Luis Guzman Sanchez, Universidad de Almeria

16


https://www.mathworks.com/company/user_stories/universidad-de-almeria-develops-and-deploys-greenhouse-models-as-a-service-to-maximize-crop-production.html

University Researchers Use MATLAB to Understand How

Ecosystems Affect Regional Climates

Challenge
Investigate correlations between environmental
variables and identify feedback loops

Solution

Develop MATLAB algorithms to estimate joint
probability distributions, accelerate analysis by
parallelizing on a computer cluster

Results
= Computation time reduced from a month
to a day
= New insights into effects of feedback loops

= Confirmation that ecosystem changes can
affect regional climate

Link to article

& MathWorks

FLUXNET tower, used to acquire time-series
environmental data.

“Our algorithms use cutting-edge statistical methods and are
exceptionally intensive computationally. MATLAB, Statistics
Toolbox, and Parallel Computing Toolbox provide an advantage,
both in the development of the algorithms and in visualizing

results rapidly.”
- Benjamin L. Ruddell, Arizona State University; Nils Oberg, Marcelo
Garcia, and Praveen Kumar, University of Illinois

17


http://www.mathworks.com/company/newsletters/edu_digest/2010/feb/information-theoretic-statistics.html
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MATLAB/Simulink Solutions for Smart Agriculture
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Future smart agriculture with
MATLAB/Simulink:

* Develop agri-systems
Incorporate autonomy
Analyze big data
Design Al algorithms
Deploy applications
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Autonomous Robot Development with MATLAB & Simulink

[( \\ g Deployable
Autonomous Applications Platform Sofware
[ Perception Environment C/C++ Code
l ROS Node
)
[@ Planning GPU Code

MATLAB/Simulink Integrated Development Environment

& MathWorks

21
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Autonomous Robot Development with MATLAB & Simulink

(( \\ 8 Deployable R

Autonomous Applications Platform Software

(

Code »
Generation

MATLAB/Simulink Integrated Development Environment

22
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Al and Deep Learning for Machine Vision

Image Classification Object Detection Segmentation

R BERDS EER

7 E R VRR
2V RiR

Image Probability
Pufferfish Tree

Recognition of dandelion types Detection of Pufferfish Multispectral images for
surveying vegetation

23
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Machine Learning / Deep Learning Workflow

ACCESS AND EXPLORE LABELING AND DEVELOPING PREDICTION
DATA PREPROCESSING MODEL

INTEGRATION INTO
SYSTEM

Desktop Apps

Hardware-Accelerated

Data Augmentation/
Training

Files and Databases
Transformation

Probability

[
=
=
m

Enterprise Scale Systems

Java
& MATLAB
C/C++

Python

Labeling Automation

Embedded Devices and
Hardware

Network Visualization

Sensors Import Pretrained

Models
} (((( TensorFlow - ‘%‘. = k=
ONNX of ' o 2
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Digital Twin and Prediction Maintenance

4
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Utilizing Simulink model for :
« Optimization through simulations
« Generation of failure data

Health Indicator

108 \
et Forecast Data

15 1 |

Fault Classification

| | Classify failure
_ g type
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Real Data
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0 10

- Estimafe time‘to failure
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Developing Predictive Maintenance Systems

0 3 5
Data access and Develop prediction Integrate into

: Visualizing results
exploration model system

File Data cleaning Model creation Desktop 3 party
application dashboards
=" L= A —— .
ﬁ e oo o @Spotf|re®
s: \ N ) TIBCO Software
C LM {1—}+ab|ecu*
Database Reduction / Parameter Enterprise system Qlik@
Conversion optimization AWS 'r'm Power BI
- 1+ Kinesis
E /N o
N Web app
Sensor Feature Model evaluation Embedded deViceS 000 |
— Extraction and hardware
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MATLAB and Simulink for Embedded, Edge, OT/IT Systems

MATLAB

Analytics,
Data-driven

Automatic el T Software

Generation Generation

Simulink
Physics-based
digital twins

INSTRUMENTS

CLOUD=RA

€databricks
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-" docker

§g kafka

z& B Windows
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Accelerating the pace of engineering and science
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