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Webinar Housekeeping

• Microphones will be muted

• Please enter your questions in the chat box

• Q&A session at the conclusion of the 

webinar

• Webinar & slides will be available

• Survey following the webinar



Are you teaching Imagery & Remote Sensing?

Poll time…
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Agenda

• Deep Learning overview, applications and an end-to-end example

• Deep learning workflow in ArcGIS

- Option 1:  Use pre-trained deep learning models 

- Option 2: Train your own deep learning models

• Deep learning concepts in details

• Few best practices and resources



What is your level of comfort with Deep Learning?

Poll time…



Why are you here?
The need for automation has risen

More sensors

Large volumes of imagery and raw data

Velocity of data

Automation

Accuracy

• Artificial Intelligence, Machine learning, 

Deep Learning

Defacto Solution



What is Deep Learning?

Machine 
Learning

Deep 
Learning

Artificial Intelligence



Machine Learning in ArcGIS

• Pixel & Object Based

• Image Segmentation

• Maximum Likelihood 

• Random Trees

• Support Vector Machine

• Empirical Bayesian Kriging

• Areal Interpolation

• EBK Regression Prediction

• Ordinary Least Squares Regression and 
Exploratory Regression

• Geographically Weighted Regression

Classification PredictionClustering

• Spatially Constrained Multivariate 
Clustering

• Multivariate Clustering

• Density-based Clustering

• Hot Spot Analysis

• Cluster and Outlier Analysis

• Space Time Pattern Mining



How has Deep Learning Evolved

ImageNet Visual Recognition Challenge error rate

Computer vision is now 

almost as good, if not 

better, than human vision



Deep Learning Applications and Models in ArcGIS

• 30 different models for various geospatial 

workflows

• Models for edge detection, change detection, 

road extraction and image translation

• Models for non spatial data 

- models for time-series data

- models for natural language processing

• Allows integration with popular ML libs – scikit-

learn



- Tour of DL applications

- Damage Classification Scenario

Deep learning 

Applications



Deep Learning Workflow in ArcGIS
End-to-end from raw imagery to structured information products

Image

Management
Labelling Data Prep Train Model Inferencing Analysis

Field Mobility,
Monitoring



Poll time…

What is the primary data type you would like to run Deep Learning on? 



Getting Started

• Option 1: Use pre-trained models 

• Option 2: Train your own model



Deep Learning in ArcGIS
Option1: Pre-trained models

Image

Management
Labelling Data Prep Train Model Inferencing

Analysis to 

Derive Insights
Field Mobility,

Monitoring

• Eliminates:

• Imagery requirements for model training

• Labelling requirements

• Training AI models

• Massive compute requirements

Pre-trained 

AI models



- Living Atlas - Review models

- Developing a GIS with pre-trained models

Pre-trained 

models – A tour







Deep Learning in ArcGIS
Option1: Pre-trained models

Image

Management
Labelling Data Prep Train Model Inferencing

Analysis to 

Derive Insights
Field Mobility,

Monitoring

• Eliminates:

• Imagery requirements for model training

• Labelling requirements

• Training AI models

• Massive compute requirements

Pre-trained 

AI models



Deep Learning in ArcGIS
Option 2: Train your own models

Image

Management
Labelling Data Prep Train Model Inferencing

Analysis to 

Derive Insights
Field Mobility,

Monitoring

• End-to-end workflow

• Models designed for

• Specific geographies

• Resolutions

• Imagery properties

• Specific asset types 



Accessing Deep Learning Capabilities in ArcGIS

Route I: GUI Tools Route II: Python API



- Land Cover Classification

End-to-end 

Deep learning 

in ArcGIS





Whats special about the ArcGIS API for Python
arcgis.learn

Increasing Abstraction



Getting Started

• Option 1: Use pre-trained models 

• Option 2: Train your own model



• Deep Learning Libraries installer 

(ArcGIS Pro and Enterprise)

• arcgis_learn conda metapackage 

(Anaconda)

• arcgis_dl_backbones metapackage

(for disconnected users)

Easy installation of deep learning libraries



Deep Learning Concepts in Detail



Splitting data for Training, Validation and QA

IOU (Intersect over Union)

= Error/Loss

Training Set 

Interactive QA Validation set

Monitor model status in 

‘Train Deep Learning Model’ tool



Splitting data for Training, Validation



Examples of Data Transformations



Why Do We Need Data Transformations



How to Apply Data Transformations

Default fast.ai transforms, can try printing this Collection for default arcgis.learn transforms.



Before You Train: Learning Rate Finder
https://arxiv.org/abs/1708.07120



Gradient Descent

Accuracy 

(after some iters)

Learning rate μ

Variable Learning rate μ



Model Training, Saving and Loading

model = FeatureClassifier(data, backbone='MobileNetV2', backend='tensorflow’)

model.fit(20, lr=lr)

model.save('20e_nofpn’)

model.load('20e_nofpn’)  # Must have the same model defined!

model.fit(25, lr=lr)

model.save('Plant-identification-25-tflite', framework="tflite")  # by default ‘PyTorch’

model2 = FeatureClassifier.from_emd(data, ‘20e_nofpn’)



Few Best Practices
+ FAQ



Preparing an ideal training dataset

• Need a balance of classes

• Label Accurately including context

• Apply image augmentation

• Size of chips >= 400 px

Universal question - How many image chips do I need?

Ideally between 400 and 40,000 chips !



Am I certain that the model is “good”?

• Test the model over multiple regions with large variability.

• Visually inspect the inference results

Look at the training metrics

• Confusion matrix, validation accuracy

• Avoid “standardized indicators”

- Only useful when training happens over a known benchmark

- Or if quantitative comparisons need to be made between different model iterations

- They do not tell you how “well” a model will perform in practice



How to interpret training/validation loss curves? 

https://machinelearningmastery.com/learning-curves-for-diagnosing-

machine-learning-model-performance/

Model not complex enough – Try 

to increase the backbone size.

Both train/valid losses are 

decreasing, but have not yet 

converged – keep training.

Model has overfit – implement 

early stopping.



How to interpret training/validation loss curves? 

https://machinelearningmastery.com/learning-curves-for-diagnosing-machine-learning-model-performance/

Ideal model behavior, but 

converged a while ago –

implement early stopping.

Loss oscillating wildly – try a 

smaller learning rate.



Imagery and Hardware Considerations

• Confirm your imagery is suitable (Deep Learning in not magic!)

- Identifiable objects

- Image properties match the model requirements

• 8-bit 3 band imagery is no longer a limitation

• Multispectral imagery inputs supported on Pro 2.7

• Recommended desktop GPUs:

- RTX2XXX, RTX3XXX, P4000, GV100….

• Cloud GPUs:

- T4, V100

• AWS instances:

- G4, P3

• Azure instances:

- ND6s



Key takeaways

ArcGIS has powerful deep learning capabilities!

• Suite of tools for Deep Learning workflows

• Powerful API for developers and data scientists

• Variety of clients

• Support all imagery categories/tasks and more..

• Massively scalable

• Robust image management to complement deep learning

• Rich tools to perform down stream analysis

• Pre-trained AI models



Resources

We will send the following resources:

• DL Libraries Installer: https://github.com/Esri/deep-learning-frameworks

• Sample Notebooks: https://developers.arcgis.com/python/sample-notebooks/

• Esri Community: https://community.esri.com/

• GitHub Repo: https://github.com/ESRI/arcgis-python-api

• GeoAI Hub Demo Resources: https://demos-geoai.hub.arcgis.com/notebooks/

• GeoAI Medium (Technical Blogs): https://medium.com/geoai

• Ready-to-use Geospatial Deep Learning Models (blog)

https://github.com/Esri/deep-learning-frameworks
https://developers.arcgis.com/python/sample-notebooks/
https://community.esri.com/
https://github.com/ESRI/arcgis-python-api
https://demos-geoai.hub.arcgis.com/
https://developers.arcgis.com/python/sample-notebooks/
https://medium.com/geoai
https://community.esri.com/t5/education-blog/ready-to-use-geospatial-deep-learning-models/ba-p/1060100


To connect, please reach out to Canserina at:

ckurnia@esri.com

Thank you and please fill in the exit survey


