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Overview of Smart Agriculture

▪ Trends in agriculture applications

– Incorporating advanced machinery and technologies

– Utilizing AI, 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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Robotics in Smart Agriculture: Variety of Applications

Spraying

Seeding

Harvesting/Picking

Surveying/Measurement

Data Collection

Transport

PlantingTilling/Plowing

Monitoring

Pest Removal
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Autonomous Technologies for Agriculture Robotics

Electrification on accessories/distribution of power to wheels

Sense

Camera Lidar

IMU/GPS Radar

System
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Localization

Object detection SLAM

Sensor Fusion

Decide & Plan
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Agriculture Systems and Technologies

Link

Efficient development with 
Model-Based Design

Link

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
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Autonomous Systems and Technologies

link

Land/marine/aerial unmanned 
system development

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

Link

Link

Autonomous systems development 
with MATLAB/Simulink

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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Autonomous Electric Tractor Development

Link

https://www.mathworks.com/company/mathworks-stories/smart-electric-tractor-uses-ai-for-autonomous-operation.html
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UAV Data Utilization

Link

https://www.mathworks.com/company/mathworks-stories/ai-aerial-image-analysis-for-agriculture.html
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UAV Data Utilization

link

Image and lidar data 
processing algorithms 

for counting trees, 
fruits, etc.

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

Cloud + AI

Optimization and operational management 
with MATLAB and Simulink

Link

Link

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

“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

Link to user story

Truck with positive displacement pump.

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

Link

Link (Korean Video)

Satellite data analysis using 
deep learning techniques

Cloud + AI

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

Cloud + AI
IoT

Data aggregation

5G

OT

Investigate communication systems
Deploy applications

Link

Link

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 Almería 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%

“With MATLAB Production Server, deploying a new 

model is simple. I develop and test the model on my 

computer in MATLAB, compile it into a package, and 

then upload the package to the server. I don’t need to 

recode the model myself or involve other 

programmers.”

- José Luis Guzmán Sánchez, Universidad de Almería

The greenhouse models as a service system (GMaaS) 

developed by Universidad de Almería researchers.

Link to user story

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

“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

Link to article

FLUXNET tower, used to acquire time-series 

environmental data.

http://www.mathworks.com/company/newsletters/edu_digest/2010/feb/information-theoretic-statistics.html
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Customer

Service

Planning

Fulfillment

Design

Operation

Productivity

Digital

Core

Future smart agriculture with 

MATLAB/Simulink:

• Develop agri-systems

• Incorporate autonomy

• Analyze big data

• Design AI algorithms

• Deploy applications

…

MATLAB/Simulink Solutions for Smart Agriculture
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MathWorks Solutions
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Autonomous Robot Development with MATLAB & Simulink

Environment

Robot Model

MATLAB/Simulink Integrated Development Environment

Analyze Simulate Design Implement Test
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Autonomous Robot Development with MATLAB & Simulink

FPGA

CPU

GPU
Code 

Generation

MATLAB/Simulink Integrated Development Environment

Analyze Simulate Design Implement Test
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AI and Deep Learning for Machine Vision

タンポポ

フキタンポポ

ProbabilityImage

Object Detection SegmentationImage Classification

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

TreePufferfish
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Machine Learning / Deep Learning Workflow

DEVELOPING PREDICTION

MODEL

Hardware-Accelerated 

Training

Hyperparameter Tuning

Network Visualization

LABELING AND

PREPROCESSING

Data Augmentation/ 

Transformation 

Labeling Automation

Import Pretrained 

Models

INTEGRATION INTO

SYSTEM

Desktop Apps 

Enterprise Scale Systems 

Embedded Devices and 

Hardware

Files and Databases

Simulations

Sensors

ACCESS AND EXPLORE

DATA

TensorFlow
CaffeONNX
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Digital Twin and Prediction Maintenance

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

Classify failure 
type

Estimate time to failure 
(remaining useful life)
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File

Database

Sensor

Data access and 

exploration

1

Preprocess data

Data cleaning

Reduction / 

Conversion

Feature 

Extraction

2
Develop prediction 

model

Model creation

Model evaluation

Parameter 
optimization

3

Visualizing results

3rd party 
dashboards

Web app

5
Integrate into 

system

4

Desktop 
application

Embedded devices 
and hardware

Enterprise system

AWS

Kinesis

Developing Predictive Maintenance Systems
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Automatic 

Code 

Generation

FPGA

CPU

GPU

C/C++

MATLAB and Simulink for Embedded, Edge, OT/IT Systems

TCP/IP

SCADA

Software 

Component 

Generation

Big 

Data

Cloud

Edge

MATLAB
Analytics, 

Data-driven

digital twins

Simulink
Physics-based 

digital twins
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