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AI is used today literally everywhere..
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1. AI > ML > DL
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How can ArcGIS AI Capabilities Help you today?

PredictionObject Detection Pattern Detection

Detecting Objects from 

Imagery/Videos, Land Cover, 

Change Detection..

Buildings, Road Segments, Swimming 

Pools, Blight, Graffiti, Overgrowth, 

Road Signs, Vehicles from CCTVs, 

and more

Predicting Geospatial 

Events/Phenomena 

Water Pipe Breaks, Asthma Rates, 

Diseases, Crimes, Crashes, Incidents, 

Fires, Congestion, 911 Calls, 

Finding Statistically Significant 

Clusters & Patterns

Top Risky Segments, Emerging 

Hotspots of 911 Calls, Disease 

Clusters, and more



Machine Learning Tools in ArcGIS

• Maximum Likelihood 

Classification

• Random Trees

• Support Vector Machine

Clustering

• Empirical Bayesian Kriging

• Areal Interpolation

• EBK Regression Prediction

• Ordinary Least Squares 

Regression and 

Exploratory Regression

• Geographically Weighted 

Regression

• Forest Based Prediction• Spatially Constrained 

Multivariate Clustering

• Multivariate Clustering

• Density-based Clustering

• Image Segmentation

• Hot Spot Analysis

• Cluster and Outlier Analysis

• Space Time Pattern Mining

Classification Prediction





• Data Science 
Libraries (275+)

• All Types of Data

• ArcGIS API for 
Python

• Analytic Servers

Integrating

Integrates ArcGIS with the World of Data Science

ArcGIS Notebooks | For Integration, Modeling, and Automation Scripting

Providing Notebooks as an Item . . .

and ArcPy Geoprocessing in a Server

Organizes

• Code

• Data

• Visualization

• Documentation

Data 

Stores/LakesOpen Science

Libraries

Analytic Servers
(Image, Geoanalytics, Spatial)

Notebook

Server

ArcGIS 

Enterprise

https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjyoLbeupfbAhVIba0KHaoIDrgQjRx6BAgBEAU&url=https://galaxyproject.github.io/training-material/topics/dev/tutorials/conda/slides.html&psig=AOvVaw33YqRVO2Yr2bTco7v9XW4D&ust=1527014578543495


Flavors of Deep Learning with Imagery

Image Classification Object Detection Semantic Segmentation Instance Segmentation

Dense Crowd



AI for Disaster Response
Detect Damaged Buildings, Detect Damaged Roads, & Allocate Resources



The Unique Challenges of Coordinating Response

• Limited time and resources

• Need human analysis of large areas of imagery

• Multiple elements involved (detection, routing, monitoring)

We propose an AI augmented pipeline that provides an end-to-end solution



Detect damaged structures

Detect damaged roads

Optimal routing

Situational Awareness

An AI model runs on aerial imagery and outputs a feature class of 

damaged and undamaged structures

An AI model runs on aerial imagery + road layer and outputs a feature 

class of damaged and undamaged roads

ArcGIS Network Analyst consumes the damaged structures and blocked 

roads feature classes, and creates an optimal route from a base (fire 

station, shelter etc.) to all the damaged structures, accounting for blocked 

roadways

Utilizing the Esri Workforce mobile app, we can assign each responder a 

set of structures to inspect and use Operations Dashboard to monitor their 

progress and other key metrics



Demo



PACI: Nation wide Building Footprint Extraction

Previously: 5 

People, 5 

hours/day, 1 year

Now: 37,000 

Buildings in 3 

Minutes!



Beyond Detections: End to End AI Workflows with Imagery

Imagery
Access

Imagery 
Prep

Training Data 
Prep

Train & 
Consume
Models

Run Inference 
at SCALE

Feedback 
Loop

Take
Action

Deploy 
Models to 
Production

Before ArcGIS.Learn After ArcGIS.Learn

• Installing External DL 

Frameworks

• Dozens of lines of 

Code

• HARD!

• No Installation 

(Notebooks)

• 3-5 lines

• EASY



Scalable Deep Learning in 

the Cloud
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Faster Inferencing using Distributed Raster Analytics

• 60,000 buildings

• Building Footprint Detection

• 1 Machine 1 GPU: 4.5 Hours

• 4 Image Servers with 4 GPUs: 20 

Minutes (13X Faster)



Retail Trade Area Prediction
Predicting Top Areas for Targeted Marketing Spend



Retail

• Trade Area
• Forecasting

• Marketing

• Merchandising

• New Site Selection

• Existing Location Closures











Customer Centric

• Forecast Patronage by Geography for Every Location

• Factors Considered
• Nearest Locations – currently using closest four

• Competition

• Cannibalization

• Demographics – over 1,200 factors

• Brand Loyalty or Aversion – if only one location, grouped together as 
”INDEPENDENT”

















Progress

• Halo Forecasting
• Much Easier to Predict

• Effect of Physical Location on Online Sales in Surrounding Area

• In-Store Binary Classification – Nonstandard Trade Areas



Next Steps

• Additional Factors
• “On the Way to Work”

• Right Side of the Road

• Proximity to nearest competitor by destination

• Quantitative Prediction by Geography



Demo



Traffic Analysis & Anomaly Detection

Object Detection from CCTVs



Real-Time Activity Detection using Deep Learning 

with ArcGIS API for Python and Ops Dashboard







How it works

1. Decoding Feeds to Frames

Using OpenCV or available APIs

2. Deep Learning Detects Objects

A trained DL Model detects 

Objects/Incidents of Interest

3. Real-Time Processing & Storage

Detected Objects passed as Streams to 

GeoEvent for Real-time Processing, 

BDS used for Storage & Replay

4. Visualization & Real-time Analytics

Operations Dashboard is used to 

Visualize Real-Time Traffic Patterns & 

Analytics

4. Historical Analysis & Anomaly Detection

Analyze Patterns back in time w/ Replay 

capability, and Spot Anomalies. Leverage 

GeoAnalytics for Faster Processing



Demo



Object Tracking & Path 

Tracing





Workflow

Build model to 

detect key 

metrics (like 

drive-offs) and 

place results into 

dashboard

Reference 

model detections 

against 

designated 

areas (parking 

lot, drive-thru 

etc.)

Build vector 

dataset of 

vehicle 

movements

Build and run 

vehicle detection 

model

* example based on similar project

* Very early model prototype video

S1 S1

S1 S2



Static & Dynamic Heatmaps 



Detecting Road Signs, Detecting Text, Inferring Sign Location

Road Feature Detection & 

Geotagging



Road Features

• Road signs

• Guard rails

• Curbs

• Road cracks

• Pavement markings

• Other road features



Detection Sample

Type: exit_large

Lat/Long: 36.94338868, -113.81263009

Text: Exit 18, Virgin River Canyon 

Recreation Area

Type: speedLimit65

Lat/Long: 36.91529807, -113.87705841

Type: mile_marker

Lat/Long: 36.91525429, -113.87722307

Confidence: 0.97234666

Confidence: 0.98666537

Confidence: 0.99237823

Confidence: 0.82329625

https://arcg.is/0O1veL

https://arcg.is/0O1veL


Project Architecture / Tech Stack

ArcGIS 

Pro

ArcGIS

Online

Operations 

Dashboard

Hosted

Feature

Layer

Raw MMS 

Imagery

Trained ML 

Detection

Model

MSFT Computer 

Vision API

Detection Results

& Geotags

Continuously 

Updated Insights

On-site 

Inspection

OCR

Object Detection 

+ Classification

Collector

for ArcGIS

Perform 

clustering 

analysis



Demo



Road Cracks Detection
Discover and Quantify Road Cracks, Prioritize Work Orders, & Improve Operations



Training a Deep Learning model 

to detect different types of Road Cracks 



Real-Time Detection of Cracks (Video)



Visualizing Areas with Highest amount of Cracks



Telecom Advanced Analytics
Clustering & Deep Learning to find Top Areas to Deploy Network Resoruces



3D Reconstruction from LiDar
Detect Buildings, Roof Type, Height, and More!



Complex Roof Types



Inference through Detect Objects tool in Pro 2.3

Trained Model

Aerial Lidar Output: 

Building Footprints & Roof 

Type



Workflow

Labelled Lidar or Aerial 

Imagery
Export Training Data 

for Deep Learning 

tool

Train Model using 

Mask RCNN
Output: Detected 

Buildings 

+ Roof Type, Footage, 

Height and # Floors (if 

we have Lidar)

Raster Function 

Runs Model w/ New 

Imagery

Buildings Converted 

to 3D

Regularize Building 

Footprint (GP)



1. Labelled Lidar or Aerial Imagery 2. Detected Buildings

3. 3D Buildings w/ Roof Types

Automated Buildings Detection using Deep Learning



Demo




