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Abstract

The world of geospatial data is undergoing a profound transformation, driven by the convergence of scalable cloud computing,
advanced analytics, and the power of artificial intelligence. This talk will explore Google's latest developments designed to
empower spatial data scientists and analysts. We will discover how the deeper integration of Google Earth Engine with BigQuery,
including the ability to seamlessly read BigQuery data within Earth Engine, is revolutionizing large-scale raster and vector data
analysis. This enables unprecedented insights directly within a familiar and powerful analytical environment.

We'll showcase the new Geospatial Analytics announcements for Google Maps Platform, enrich location-based applications by
deriving insights from Places, Roads, and Imagery data.

Furthermore, this talk will introduce Google Research's early work in Al for Geospatial Reasoning, demonstrating how new
geospatial foundation models can be combined with generative Al capabilities to simplify complex geospatial problem-solving.
This powerful synergy allows users to interact with and derive insights from diverse geospatial data sources through natural
language queries and intelligent, agentic workflows.

Explore how these innovations are democratizing access to planetary-scale data and sophisticated analytical tools, fostering new
opportunities for tackling critical challenges in areas such as environmental monitoring, urban planning, disaster response, and
sustainable development.
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What is Geospatial?

Vector (Tabular)

Geography:

Geospatial data includes Vector data

-

Point

Linestring

Polygon

Multi-
polygon

Collections

such as assets or supplier locations, boundaries and
self-attestation survey results.

Raster (Imagery)

Raster data includes historical and near real time
information on the assets’ actual boundaries and
impact by aggregating layers of satellite imagery.

Google Cloud



Visualization and Analysis Tools
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Geospatial Analytics on Google Cloud &
D O @ @ @ @

Geospatial Analytics Solutions at any scale
Ul | API | IDE | SDK | SQL | OSS | Javascript | Python | SQL
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| [ geospatial data lake
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Geospatial analytics on Google Cloud

Flexible and familiar tooling ‘
UI| API| IDE | SDK | SQL | OSS | Javascript | Python SQL |

Vertex Al BigQuery Earth Engine
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net-scale geospatial data lake
or | Raster | Realtime | Time-series | Public | Commercial




\\} Earth Engine Data Catalog @

90+ Petabytes

Growing daily

1,000+ A planetary-scale

platform for Earth

Curated datasets 3
science data &

analysis

.
Updated and expanded daily o s A e s A0
n Y

Climate and Weather

https://developers.google.com/earth-engine/datasets
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) Earth Engine Compute Platform @
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Q} Earth Engine

Analyze petabyte-size geospatial imagery datasets in a web browser!

Google Earth Engine @  search laces and datasos.
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Build complex image processing pipelines and run them at scale

Slicing & dicing, mapping & reducing, mathematical models, machine learning, statistics, and more!
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Interactive Analysis and Visualization

Code Editor (JavaScript)

Google Earth Engine = P e ——

Seripts

Slice & dice data, train and apply
models, and visualize results.

26.011442242679564

e Client libraries in JavaScript &

Python Colab (Python)
e Code Editor: Easy interactive B ° cxmm— — vy
experimentation with one-click e et e o ot e 5 @

ents ax *o

collaboration

e Earth Engine Apps: Wire up and
share custom interactive
dashboards

Earth Engine Apps

e One Platform API for direct
integration via HTTP
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Dynamic World

A Global Land Cover map that is

e  High-resolution (10m per pixel) -
using ESA Sentinel-2

e  Regularly-updating, including land
cover change over time

e  Free, open-source, and easily
accessible to all

e Leverages state-of-the-art cloud
computing & Al

Help states/provinces/countries have
access to better data to protect, manage &
restore ecosystems.

https://dynamicworld.app/ WORLD NATIONAL
oty GEOGRAPHIC

hitp: google.com/earth-engir GOOGLE _DYNAMICWORLD V1
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Change Detection with Dynamic World
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AlphaEarth Foundations

https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/



Geospatial Foundation Model at 10m resolution

Multimodal input based on Sentinel-2, Sentinel-1, Landsat

o
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representation
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Go gle Earth Engine Q  Search places and datasets

@ n cloud-geographers-internal-gee ﬂ

weathemext-graph.s * cectime - sove [ o[ re - weee S]]

114 utils.hillshadeRGB(
115 p.updateMask(p.unitScale(visPrecipMask.min, visPrecipMask.max)).visualize(visParamsPrecip).blend(uvArrows),
116 Py
117 weight, exaggeration * 500, azimuth, zenith, contrast, brightness, saturation, castShadows),
118 1) .mosaic()
i 119 .set({ label: i.date().format('YYYY-MM-dd HH:mm').cat(' (').cat(ee.Number(i.get('forecast_hour')).format('%d')).cat(' hours)') })
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Geospatial analytics on Google Cloud

Flexible and familiar tooling
Ul | API | IDE | SDK | SQL | OSS | Javascript | Python | SQL

Vertex Al BigQuery Earth Engine
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net-scale geospatial data lake
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What does it take to build world class maps?

Global Scale

Enable businesses to scale from prototype to
production to planet-scale, without having to think
about capacity, reliability or performance

Precision and Diversity

The richness of our data comes from diverse data
sources including overhead and Street View
imagery, partnerships and user contributions

Continual Freshness

Relentless commitment to keep our data fresh means
you can trust us to have an up-to-date model of the
real world

Global Infrastructure

Scale from prototype to production to
planet-scale, without having to think about
capacity, reliability or performance

- Global security

Multilayered secure infrastructure, expert
engineers, and commitment to transparency.



What does it take to build world class maps?

Global Scale

Enable businesses to scale from prototype to
production to planet-scale, without having to think
about capacity, reliability or performance

Precision and Diversity

The richness of our data comes from diverse data
sources including overhead and Street View
imagery, partnerships and user contributions

Continual Freshness

Relentless commitment to keep our data fresh means
you can trust us to have an up-to-date model of the
real world

-~ Overhead Imagery

-~ Street View Imagery

Anonymized Traffic Data

Crowdsourced Edits

L~ Authorities




What does it take to build world class maps?

Global Scale

Enable businesses to scale from prototype to
production to planet-scale, without having to think
about capacity, reliability or performance

Precision and Diversity

The richness of our data comes from diverse data
sources including overhead and Street View
imagery, partnerships and user contributions

Continual Freshness

Relentless commitment to keep our data fresh means

you can trust us to have an up-to-date model of the
real world

128 Midland Ave #640

Address updates
Improvements help us keep data fresh and
reduce failed queries. 12345

Places of Interest updates
Business information, ratings, reviews and more
about over 250 million businesses and places
globally.

Hyperlocal Data updates

Coverage and latency improvements drive
performance.

Road updates

From the changing layouts of roads themselves
to their condition (weather, traffic, and more).




@ Google Maps APIs

https://mapsplatform.google.com/

Google Maps APIs help improve mobility experiences (e.g., to get from A to Z most
efficiently), fleet experience and customer experience.

I

Maps

3D Maps
API 7

Aerial View @

APIA

Dynamic Maps @
JS 7 Android 7 iOS 2

Dynamic Street View @

JS A Android 7 iOS 2

Elevation ®
APIA

Map Tiles* @ ®
APIA

Maps Embed ®
APIA

Static Maps @
APIA

Static Street View ®
APIA

©

Routes

Compute Routes o0 @
API A

Compute Routes Matrix @@
APIA

Navigation SDK @
Android 7 iOS 2

Roads @
APIA

Route Optimization @ ®
APIA

® ®

Places Environment
Address Validation @ ® Air Quality ®
APIA APIA
Autocomplete @ ® Pollen ®

APIA JS7 Android 7 iOS/  APIA

Geocoding ® Solar e®
JSA APIA API A
Geolocation @ Weather @ {;}

APIA APIA

Nearby Search @ ®
JSA APIA

Places Aggregate ®
APIA

Place Details e ®®
JSA Android 71 iOS 2 APIA

Place Photos @
Android 7 iOS A APIA

Text Searcheee®
JSA APIA

Time Zone ®

APIA

‘@ Joogle
Analytics

DATASETS

Imagery Insights i:}
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Earth Engine (Google Cloud)
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Google Earth
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New geospatial datasets and capabilities
integrated into BigQuery
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9:30 A Z T

®

9:30

< date night restaurants

Places Insights S——

@ First Crush Diner
Rl 50+ (680) - Restaurant - $3§
Open now - Closes 11:00 PM
0 #@) Dinein >
“Romantic Italian restaurant, great food, good
for a date night.”
§ Dagmar Bachmann on Google

< dog friendly restaurants

West Wind
* 1R 50+ 660)- Restaurent - s
Open now - Closes 1100 PM

Dine in

& family and dog friendly bar and restaurant.”

| Maas on Google

Access Google’'s comprehensive
POl data covering over 250M
businesses and places

Picardo
4.8 * (486) - Restaurant - $$$
Open now - Closes 11:00 PM
Dinein Take out >

Sapori di Casa

4.8 4 (486) - Restaurant - $$$
Open now - Closes 11:00 PM
Dinein Take out >

“This is one of my favorite restaurants for date
nights and anniversaries”
 Daniol Mass on Google

leleotn

“Dog friendly. On warm days - sit outside at picnic
the tables. Water bowls are provided.”
Elie Pietersen on Google

Unleashed Gastropub
4.5 % (871) - Restaurant - $$
Closed - Opens 1:00 PM

o
Dinein Take out

Urban Feast
4.5 % (871) - Restaurant - $§

Toronto: Open Places by the Hour

Closed - Opens 1:00 PM
Dinein Take out

“The Patio is dog friendly and offers a Doggie Menu.”
— Thea Schoder on Google

“One of the best date nights we've had, with
great food and lovely ambience.”
) Ines Villanueva on Google

= Viewport
4.6 (2262) - Restaurant - $$%
Open now - Closes 1200 AM

Dinein Take out

day_of_week SUNDAY m- hour. 4 Pl o - [y

Spice & Spritz
o 4.6 % (2262) - Restaurant - $$$% “A ice family and dog friendly bar and restaurant.”
= Open now - Closes 12:00 AM — Sofla Sacchi on Google
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Explore Review Account
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Route Management Insights

Provide real-time traffic data and
comprehensive routes in over 200 ——
countries and territories. 4 hrs 12 min (31 mi)

17 stops remaining * 7:32 PM

Hi Sam, here is your Tuesday scht

There are no major delays on your trip

0 617 Hayes St
3:14PM

A Navigate @ SeeRoute

e "% Eddy St

321 PM

T100 rdd. o

Soogie Lioua Nex!
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Imagery Insights

Extract insights from StreetView and
aerial / satellite imagery
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Al for Geospatial
Reasoning: Research
Focus

e Early work in Al for Geospatial
Reasoning

e New geospatial foundation models
developed

e Generative Al capabillities for
complex problem-solving

e |Intelligent, agentic workflows for
diverse data sources







Al Research in Action

Agentic workflow capabilities separated from front-end and deployed using Vertex

Cloud services Reference implementation for agentic back-end Web-based app
i ; | Vertexal Built around LangChain Mesop app framework
) Google Research : Sub-agents / tools

SKAI, Remote sensing APl Interface
foundation models Earth GMP reader

Engine

¢

Earth Engine reader

o AT Map renderer
] i~
- ~ Big e —— Gemini-based
>
i

' gl? Query Geospatial
b Reasoning REST;
Vertex model inference
& e e
GDM and Google Research: =0 Google GCS reader
WeatherNext ED Cloud Session
Storage management Plotted data
Geospatial tools .
and logging
PDF reports
Google
Maps
OpemiCUS Platform Data and Al model configuration specifications Chat window
Copernicus Sentinel data 2024 pan Bring Your Own 1 Vertex Al Agent Engine 4\ Cloud Run
through Google Earth Engine T Data

https://research.goodgle/blog/geospatial-reasoning-unlocking-insights-with-generative-ai-and-multiple-foundation-models/




EE Companion

IS IOUBNEGUVIE PGIGHI TGS 1N LS LAANIPUSING (TR, 1NIFY DL
vis_params_composite = {

bands": [B1 ¢

‘min': 500, . \ A
'max’; 3500, W Altay
‘gamma’ 1.4 ¥ OpenStreetMap. — &

)
B EsiWorldimagery g £
Percentil. —— o

¥ Masked NDVI (Ve... =il &

on/off

# Define visualization parameters for the masked NDVI (using a simple color ramp for vegetation)
vis_params_masked_ndvi = {

‘min': 0.2, # Start the color ramp from the threshold

‘max’: 1

‘palette’: [yellow, 'green’, ‘darkgreen] # Color ramp for vegetation

)

# Add the composite layer to the map
Map.addLayer(percentile_composite_vis, vis_params_composite, 'S2 20% Percentile Composite (SWIR, NIR, GREEN))

# Add the masked NDVI layer to the map
Map.addLayer(masked_ndvi, vis_params_masked_ndvi, Masked NDVI (Vegetation))

# Center the map on Hyde Park
Map.setCenter(hyde_park_lon, hyde_park_lat, 13)

Agent: The Sentinel-2 composite and the masked NDVI layers have been added to the map, highlighting vegetated areas within Hyde Park

hon
done(Masked NDVI layer highlighting vegetated areas within Hyde Park has been added to the map, along with the composite image.)

Agent said: Masked NDVI layer highlighting vegetated areas within Hyde Park has been added to the map, along with the composite image:
Task Done! A
OpenStreetMap

e

Simon llyushchenko

https://www.youtube.com/watch?v=eFJeqlAU2I|




Gemini Function Calling

hitps://ai.google.dev/gemini-api/docs/function-calling

Application ) * Gemini

B Prompt

[ Function definition

Decide what
to respond

Completon Q————— [ Final answer ————-
e

[ Function name, argument  =————<:

Parse response,
execute function

B Prompt

>—

{3 Result of function call
Decide what
to respond

Completion O——————— [ Final answer =———:

Use another function



Demo time!
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Thank you!
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