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Democratizing Data + AI
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The data and AI company

Creator of:

10,000+ 
global customers

$2.4B+ 
in annual revenue

4B+ 
in investment

Inventor of the
lakehouse
and pioneer of
generative AILEADER

2023 Cloud Database 
Management Systems

LEADER
2024 Data Science 

& Machine Learning

Analytic 
Stream 
Processing 



Every company wants to be a

company

Data + AI
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Data Lake
Data 

Warehouse

Governance

Machine 
LearningBI

Data
Science

Generative
AI

It’s a complexity nightmare 
of high costs and lock-in

Streaming

Orchestration 
and ETL

Data estate is fragmented
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MODELS

REPORTS

TABLES

CONNECTORS DASHBOARDS

RAW DATA

AI regulation

Data privacy

Cyberattacks

Data estate is fragmentedGovernance of the entire data estate is hard
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Own your data

Read and write any data in any open format 
with full interoperability

Eliminate unnecessary costs from 
multiple copies of data

Eliminate silos
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Traditional catalogs

Unify governance for all data + AI

Tables AI Models Files Notebooks Dashboards
One open 

governance 
model for all 

data & AI assets

Trust your data with 
lineage, monitoring, 
and observability

Access control Discovery Lineage

Auditing Secure data 
sharing

Quality 
monitoring

Cost controls

Business 
semantics

Security Collaboration Quality Management
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Disaster recovery Cost controls Enterprise security

100% serverless

Lakehouse

AI/BI
Business intelligence

Databricks SQL
Data warehousing

Workflows/DLT
Ingest, ETL, streaming

Mosaic AI
Artificial intelligence

Databricks Data Intelligence Platform



Data Intelligence Platform

Lakehous
e

Unified data and 
governance

AI
AI tuned to your 

business

AI
AI tuned to your 

business
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Experimentation ProductionCost
Quality

Privacy

85% have not made it into production

Production AI that reasons on your data 
is elusive



Mosaic joins Databricks
Creating the Data Intelligence Platform



LLMs maxing out on general intelligence tests

2019 2020 2021 2022 2023

Open source vs. private models, 5-Shot MMLU performance Private Open source

Falcon 180

LlaMA 2

Flan-T5-XXL LlaMA

LlaMA 3

GPT-2.1.5B

GPT-3

PaLM 540B

GPT 3.5

Claude 3

GPT-4
Flan-PaLM 2

PaLM 2

Claude 2

GPT-4o
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DBRX - Databricks
(Mosaic Research)

https://www.databricks.com/blog/introducing-dbrx-new-state-art-open-llm
https://www.databricks.com/research/mosaic


General intelligence
Consumer models trained 

on a broad dataset 
disconnected from 
your business data

Data intelligence
AI connected to your 

customer data and able 
to solve domain-specific 

problems

VS
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Build agent systems with Databricks

 

Prepare data Build agents Deploy agents Evaluate agents

Govern agents

Agent serving LLM judges

Peer labeling

Tracing

MLOps/LLMOpsML features

Vector index Lineage

Data ingestion Model tuning

Tool catalog

Function calling

AI guardrails

Usage tracking

Credentials

Rate limits

Mosaic AI
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How can Databricks help?
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Spatial on Databricks
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Geospatial data is everywhere…

VectorRaster LidarAnything with 
Lat/Long coordinates



Lakehouse: Data Warehouse + Data Lake

Vector, Raster, Radar, Lidar, Structured 
& Unstructured

Data Lake

Governance and Security
Table ACLs

DS & ML
Adv. Spatial

Governance and Security
Files and Blobs

ETL +
Streaming

Business 
Intelligence

Spatial SQL
Analytics

Copy subsets of data or unify underlying data?

Structured tables

Data Warehouse

Highly reliable and efficient All of the data and very adaptable

Table Extracts for Spatial Analysis?

Partial High Volume Sensor Data?

Align security & 
governance 

models?

 Data ready for 
use cases?

For spatial workloads, how to best bridge the gap between?



Data + AI Maturity
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Excel

Business 
Intelligence

Data 
Warehousing

Data
Science

Machine 
Learning

Generative 
AI and LLMs 
and LVMs

What happened?

Spatial Advanced Algorithms

Automated Decisions

Personalization 

Spatial Analysis

Natural Language + Computer Vision

Prescriptive Analytics

Ad-hoc Reporting

Most companies are stuck here

Data + AI maturity
Business + Technology driving organizational changes

Spatial Models

Understanding data

What will happen?

Full AI transformation 



©2024 Databricks Inc. — All rights reserved

Why Geospatial on the Lakehouse?
Build a data asset strategy to enable multiple use cases

Vector, Raster, Lidar, Structured & 
Unstructured

Data Lake

Machine 
Learning

Business 
Intelligenc

e

ETL & 
Streaming

Metadata, Caching,  
& Indexing Layer

ETL

Structured Data

Data Warehouse

Business 
Intelligence

Structured, Semi-, & Unstructured Data

Machine 
Learning

ETL

Data Lake

Spatial 
Analysis
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Geospatial + Lakehouse

Sensors and IoT
(unstructured)

RDBMS
(structured)

Files / Logs 
(semi-.structured)

Business Apps
(structured)

Media 
(unstructured)

CDC

bronze silver gold

Storage

Data Sharing

BI Tools

AppsOperational 
Database

Delta Sharing 3rd party

Event 
Streaming

Unified Data Governance

Business AnalystData Engineer  Data ScientistML Engineer  

Product + Your favorite geospatial libraries

Unified compute engine

Data Science and ML

ML Runtime

AutoML Feature Store

Unity Catalog
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Geospatial - Current State
1000+ Customers use Databricks for Geo

Built-in Geospatial Functions

• 30+ H3 APIs
• 60+ Spatial SQL [Preview]
• Initial GeoHash [Preview]
• Available Everywhere: Photon + Notebooks + DBSQL

Flexible Platform

• Open Source libraries
• Commercial libraries + Partners
• Vector, Raster, Lidar, +
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   Geospatial - Current State

Single Node Libraries Spark Frameworks Product Features

e.g. GDAL, GeoPandas, RasterIO e.g. Analytics Toolbox, Mosaic, 
       Sedona, Esri GAE

H3 + Spatial SQL

(1) Can use only on Driver or Single 
Node Cluster

(2) Can apply UDF patterns to 
distribute

(3) Libraries can be complemented by 
use of Mosaic or avoided 
altogether

(1) Mosaic is aligned with Databricks 
Product, data engineering unified

(2) Mosaic offers Spark APIs powered 
by GDAL + JTS

(3) Works with other frameworks

(1) The fastest H3 API implementation 
through Photon Engine, also used 
by Mosaic

(2) Support for Spatial SQL + 
in-memory geospatial types 
[Preview]

+ Flexible, precise patterns
- Relatively slower at scale with 

UDFs

+ Distributed, precise patterns
+ Relatively faster at scale through 

Spark optimizations (Mosaic 
best for Databricks)

- Each have tradeoffs in indexing 
decisions 

+ H3: Very fast at scale
+ Spatial SQL collecting feedback 

from customers

Distributed Performance Journey
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Geospatial Reference Architecture

GeoJSON
Shapefile

GeoDB
OSM
GTiff
COG
CSV

Parquet
...

Raw

- Historical
- Minimal ETL
- Initial Table Write
     [Delta Lake / UniForm]

Enriched

- “Hybrid” DE Pattern
- Compute Aggregates
- Global Grid Tables
     [H3 Index]

Refined

- Validate
- SRID / Projection
- Base Geom Tables   
     [Bounds Index]

Analytics

- Spatial SQL APIs
- Global Grid APIs
- Non-Geo Blended 
- Advanced Spatial
- AI/ML Models

ACID + Statistics + Indexing + Compaction + Columnar

● Built-in readers [JSON, CSV, XML, Parquet]
● Various Library options to read formats
● Use of DataFrame [Spark / Pandas] APIs to 

abstract initial format

● Write to Delta Lake / UniForm + Liquid Clustering
● Data Engineering with “Medallion” Architecture
● Use of  built-in APIs [H3, Spatial SQL] + Libraries
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Spatial Data Engineering

■ Data orchestration through 
Databricks Workflows

■ Delta Live Tables manage 
your full data pipelines 

■ Simplifies data engineering 
with a curated data lake 
approach through Delta 
Lake

Orchestrating production grade processing pipelines
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Databricks Solutions and more
Get your Geospatial Lakehouse journey started
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Industrial AI: Increase Crop Yields 

Blog | Keynote from DAIS

“Cameras continually monitor images … We use 
machine learning to analyze grain quality and 
automatically adjust the operating parameters of 
the machine if any damage is detected to the 
grains.”

● Trillions of records / several petabytes
● Dozens of layers of hundreds millions of 

unique acres
● Hundreds of ML features created and 

automatically maintained

Tons of sensors, vision + guidance systems and wireless connectivity 

https://www.databricks.com/blog/2021/07/09/down-to-the-individual-grain-how-john-deere-uses-industrial-ai-to-increase-crop-yields-through-precision-agriculture.html
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Geospatial cuts across every industry, blended with other sources

Oil & Gas

Pipeline predictive maintenance + 
monitoring, change detects

Agriculture

Crop yields, weed detects, climate

Autonomous Vehicles

Object detects, collision 
avoidance, navigation; also, offroad, 
e.g. self-driving large mining 
equipment

Use Cases: Image + Raster Workloads

Financial Services

Cars in parking lots, ships in ports, 
construction, crop yields, natural 
catastrophes, fires, tracking 
renewable transition

National Security & Response

Orchestrating SAR image 
formation, pattern of life, situational 
awareness, manmade + natural 
disasters, warfighting
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Image Segmentation with Databricks
From ingestion to prediction

End-to-end pipeline…
• Incrementally ingest 

datasets
• Clean, standardize, 

and join datasets
• Train Deep Learning 

model
• Deploy model for 

production
Blog Link

https://florent-brosse.medium.com/image-segmentation-with-databricks-6db19d23725d
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Stantec + Databricks: Flood Predictor

Blog | Stantec

Secure, cloud-based solution to predict where and when flooding events will happen.

1. Ingests various open datasets
2. Performs geospatial 

computations
3. Publishes high-quality 

features to Feature Store
4. Spatial ML model trained on 

features

https://www.databricks.com/blog/2022/12/08/how-databricks-powers-stantecs-flood-predictor-engine.html
https://www.stantec.com/en/services/flood-predictor
https://docs.databricks.com/machine-learning/feature-store/index.html
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DGGS “Hybrid” 
Approaches 

34
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Scalable Geospatial Analytics with H3
Supported natively in Databricks

Grid indexing systems are ideally suited for scale

Hierarchical system offers flexibility

Easy and effective visualization

Precision Agriculture Autonomous Vehicles Retail Operations Climate Risk/Modeling Human Mobility
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H3 Resolutions

https://uber.github.io/h3/#/documentation/core-library/resolution-table

Res 15 is < 1m2 or ~ 
space of 1 person 

https://uber.github.io/h3/#/documentation/core-library/resolution-table
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Example: Detect Flight Holding Patterns w/H3
Answer a number of spatial queries without Spatial SQL

Combine with other lakehouse functions, 
e.g. lagging windows using H3_Distance .

Holding
Event
Detected

Link to Notebook [Docs]

https://docs.databricks.com/sql/language-manual/sql-ref-h3-geospatial-functions-examples.html
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Creating safer roadways for U.S. drivers

Customer Story

“The Databricks Data Intelligence Platform helps us easily ingest 
and collaborate on large datasets with trillions of GPS points. Now 
that we’re effectively visualizing and analyzing connected vehicle 
and geospatial data, we can continue innovating on transportation 
safety without limitations.”

● 150 terabytes or 1.2 trillion GPS points
● Seamless integrations with Power BI & Tableau
● Databricks H3 indexing for geospatial models 

Texas A&M Transportation Institute unlocks car sensor data on Databricks

100s
Of terabytes of spatial data 

unified for better roadways

Faster
Time-to-insights to support 

optimized transportation safety

https://www.databricks.com/customers/texas-am-transportation-institute
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Solution Enabler: Scaled KNN
Spatial K-Nearest-Neighbors model w/ mlflow integration

Use cases covered in the blog:

1. Location-based advertising, personalized based 
on purchase history

2. Customer segmentation, based on location and 
similarities

3. Retail, e.g. store location
4. Real Estate, e.g. property searches
5. Traffic, e.g. roads with highest risk for car crash

KNN Docs | Notebook | Blog

I need nearest thing(s) of interest for up to 
every row of my data type of problems…

https://databrickslabs.github.io/mosaic/models/spatial-knn.html
https://github.com/databrickslabs/mosaic/tree/main/notebooks/examples/python/SpatialKNN
https://medium.com/@milos.colic/scalable-spatial-nearest-neighbours-with-mosaic-336ce37edbae


Vector data processing approaches
Pure vector Hybrid (Tessellation) Pure grid-based

Used in “classic” GIS processing. Good 
for OLTP and small datasets

“Cuts” the original polygon on grid cell 
boundaries and adds cell IDs.

Converts polygons & points to grid cell 
IDs, then operates only on cell IDs.

Databricks support is provided by third 
party libraries e.g. Geomesa, Sedona, 
and Mosaic.

Databricks provides native support for 
H3 grid. Vector support is provided by 
Mosaic. 

Databricks provides native support for 
H3 grid. Other grids are worked on in 
Mosaic

+ Maintains full detail
- Slow at scale

+ Maintains full detail [through chips]
+ Fast at scale
- Requires tessellation

+ Very fast at scale
- Loses some detail

Most performant 
on Lakehouse!Most flexible 

on Lakehouse!

Most customers start 
their processing with 
this approach

Optimization journey

https://www.scientificlib.com/en/Mathematics/LX/Tessellation.html


Decision Tree for Spatial Joins

Link to Blog

https://www.databricks.com/blog/2022/12/13/spatial-analytics-any-scale-h3-and-photon.html


Reference Join Pattern



[1] Coordinates -> H3

• Uses function 
h3_longlatash3

• Liquid Clustering 
using cellid

• Numeric cellids much 
better for 
performance

• H3 resolution 6 used 
for this example

H3 API + Liquid Clustering to prepare lat / lon

https://docs.databricks.com/en/sql/language-manual/functions/h3_longlatash3.html
https://www.databricks.com/blog/announcing-general-availability-liquid-clustering


[2] Areal Geometries -> H3

• Uses function 
h3_tessellateaswkb

• Liquid Clustering using 
cellid

• Use of INLINE to shred the 
array result into cellid, 
core, and WKB chip

• Numeric cellids much 
better for performance

• H3 resolution 6 used for 
this example

H3 API + Liquid Clustering to prepare polygons

https://docs.databricks.com/en/sql/language-manual/functions/h3_tessellateaswkb.html
https://www.databricks.com/blog/announcing-general-availability-liquid-clustering


[3] Tessellation technique: H3 + Geometry Harmonized

H3-Centric H3-Geometry Hybrid Geometry-Centric

Point-in-Polygon join using already prepared tables

Approximate results
(when no “where” clause)

Take advantage of fully 
contained cellids

Take advantage of vector 
chips
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Unified Data
Access + Sharing

46
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Delta Sharing: An open approach to data sharing

or any other platform that 
supports Delta Lake

Data Provider

Data Recipient

Any tool

BI

Data
Science

Analytics

Any use case Any location

And many more On-premises

Delta Sharing

No replication
Easy to manage

Secure

Delta Sharing

https://www.databricks.com/product/delta-sharing


Volumes: Unity Catalog
Manage non-tabular data

• Arbitrary files [text, image, audio, 
video, PDF, or XML] governed inside 
schemas in UC alongside tables, 
models, + functions

• Metadata Patterns Emerge (heavy 
file payload with meta tables)

“[We thought that] we'll have to build some 
kind of abstractions around tables to deal 
with regular non-tabular files. With 
Volumes, we can rely on Unity Catalog for 
everything going forward.” - Nike

Announcement Blog

https://www.databricks.com/blog/announcing-public-preview-volumes-databricks-unity-catalog
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E.g. Raster Metadata Architecture

• Landing zone for ‘raw’ 
raster data. 

• Little to no data 
architecture 
investment.

Bronze
Raw

Silver
Base

Gold
Indexed)

• Indexed raster tiles 
subdivided by grid index 
strategy [e.g. h3, maybe 
also  quadbin]. 

• Raster represented 
using binary type (or 
other universal type).

Platinum
Derive and Enrich)

• Raster tiles stored using 
GeoTIFF format.

• Accompanying Delta 
metadata table providing 
acquisition date and time, 
resolution, bands etc.

• Rasters clipped by the 
‘highest value’ vector 
geometries.

• Derived from indexed 
raster tiles via 
collocate, clip, and 
merge steps.
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Lakehouse + Spatial AI

“Give me Trees” LLM

Generate Geotagged vectors

LVM Spatial Framework
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Raster Grid TilesEarth Observation Data

■ All data uses same grid w/CRS abstracted
■ Layer joining + stacking is just idx == 
■ Stored as Delta; metadata + data in the 

same format; Delta Sharing ready
■ Marketplace ready
■ AI ready

Unified Data Model for all GIS Data
Vector + raster for “all spatial” analysis
A
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t

Vector Grid TilesAreas of Interest as 
Open Spatial Formats
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What’s Next?
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Spatial SQL Roadmap
Supercharge geospatial analysis

Rideshare pick-up locations in New York City visualized in a 
Databricks Notebook using Kepler.gl

with wkt_poly as ( select

    'POLYGON((-115.42 32.57, -115.42 32.57,-115.42

32.57, -115.42 32.57, -115.42 32.57))' as g )

select

 st_geogarea(g) as dbx_area_meters,

 st_area(g) as dbx_area_units

from wkt_poly

30+ H3-based indexing [Already GA] makes it 
easy to see spatial patterns, combine disparate 
data, visualize and integrate with ML

60+ Spatial Functions [Private Preview] - broad 
set of ST_ expressions provide flexibility for 
working with Vector data

Geometry / Geography Types [2024+] - read and 
write spatial data to native types, easily convert 
between WKT, WKB, GeoJson

Fast Spatial Joins [2024+] - efficient spatial query 
execution, builds on types + will be ongoing 
improvements after initial release

Additional ST_ Functions [2024+] - prioritizing 
additional customer and partner inputs
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Map Visuals
Full refresh on visualizations– including Maps

● Point maps for lat/lon 
[Public Preview OCT]

● Automatic geocoding for 
choropleth maps [2024+]

● Geometry/Geography data 
(Point, Line, or Polygon) [2025]

● H3 Maps (hex bins) [2025]
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Geospatial: Key Partners
Best-in-class technology + mindshare

CARTO Esri Safe

Spatial BI Platform GIS Platform | ArcGIS Spatial ETL | FME

■ Native integration with Databricks H3
■ Analytics Toolbox [Download]
■ Builder
■ Workflows

Future integration initiatives:
○ Iterate on existing
○ GeoParquet + RasQuet

■ Existing Spark extension: 
○ GeoAnalytics Engine 

Future integration initiatives:
○ Integrate with ArcGIS CDW 

connections [requires public preview 
spatial types + perf]

■ Spatial ETL 
■ Read/Write to all common spatial 

formats
■ Databricks Connector [Preview]

Future integration initiatives:
○ Native integration with Databricks 

Spatial SQL

https://carto.com/blog/carto-for-databricks-true-native-geospatial-for-the-lakehouse
https://docs.carto.com/data-and-analysis/analytics-toolbox-for-databricks/getting-access
https://carto.com/builder
https://carto.com/workflows
https://developers.arcgis.com/geoanalytics/install/databricks/
https://support.safe.com/hc/en-us/articles/25407471831437-Getting-Started-with-Databricks


©2024 Databricks Inc. — All rights reserved

Thank You! 
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