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Training objectives

What is Kibana and its different components✔ 

How to use Elastic Maps to visualize geospatial data✔ 

Understand Elasticsearch geospatial capabilities✔ 

To be able to run the Elastic stack✔ 

How the Elastic stack fits in a geospatial application architecture✔ 
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Enterprise Search Observability Security

Kibana
Explore, Visualize, Engage

Elasticsearch
Store, Search, Analyze

Integrations
Connect, Collect, Alert

Public cloud Hybrid On-premises

The Elastic Search Platform



https://github.com/elastic

https://ela.st/slack

https://discuss.elastic.co

Communit
y

https://github.com/elastic
https://ela.st/slack
https://discuss.elastic.co/


Elasticsearch
All data is welcome



Elasticsearch components

Cluster

Mapping

Node Shard

Field

Index

Document



Communicating 
with Elasticsearch

● All communication through 
HTTP endpoints 📖

https://www.elastic.co/guide/en/elasticsearch/reference/current/rest-apis.html
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Communicating 
with Elasticsearch

● All communication through 
HTTP endpoints 📖

● JSON
● REST methods: GET, PUT, 

POST, DELETE
● _cat API for human readable 

display 📖

https://www.elastic.co/guide/en/elasticsearch/reference/current/rest-apis.html
https://www.elastic.co/guide/en/elasticsearch/reference/current/cat.html


Beats
Lightweight data shippers

Ship data from the source Ship and centralize in 
Elasticsearch

Ship to Logstash for 
transformation and parsing

Ship to Elastic Cloud Libbeat: API framework to 
build custom beats 70+ community Beats



Beats
Lightweight data shippers

GeoIP

CSVs System metrics



Logstash
ETL for Elasticsearch

Ingest data of all shapes, 
sizes, and sources

Parse and dynamically 
transform data

Transport data to any 
output

Secure and encrypt data 
inputs

Build your own pipelines Lots of plugins



Logstash

Inputs

Beats
…
…

JDBC
…
…
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Elasticsearch
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Extract Fields

Geo Enrich
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…Network / Security Data

Syslog Servers

Infra / App Data

IoT / Sensors
Persistent Disk Based 

Queues

Beats

Outputs

Elasticsearch

…
…
…
…
…

Kafka

RabbitMQ

RDBMS

Centralized
 Configuration Management

Elasticsearch

Logstash
Normalize and Enrich Data before Indexing



Ingest, Store, Search, Visualise

Elastic Stack

Kibana

Beats

Logstash Elasticsearch

Datastore Web APIs

Ingest Nodes (X)
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Run the stack from Elastic Cloud or your laptop

Local
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Elastic Cloud trial account

• You can create a two week free trial account at cloud.elastic.co

• Create a new deployment (details)
‒ Default settings are fine

• Loading some data (open sky):
‒ Use Node.js or Docker to upload real-time data with the opensky-loader script (details)

‒ Or you can upload a static dataset or even generate
a new one (details) as CSV or GeoJSON

https://www.elastic.co/cloud/elasticsearch-service/signup
https://github.com/jsanz/wecode20/blob/master/docs/01-setup.md#set-up-elastic-stack-with-elastic-cloud
https://github.com/jsanz/wecode20/blob/master/docs/01-setup.md
https://github.com/jsanz/elastic-workshop/blob/master/lab/opensky-loader/download/flight_tracking.geojson.gz
https://github.com/jsanz/elastic-workshop/tree/master/lab/airports/
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Using Docker Compose

• Prerequisite: install Docker and the Compose plugin
• Download the lab: https://github.com/jsanz/elastic-workshop

git clone https://github.com/jsanz/elastic-workshop.git

• Adjust .env parameters
‒ OpenSky viewer port (for example, port 80 is not available in OSGeo Live)

‒ OPENSKY_VIEWER_PORT=8080
‒ (Optional) change elastic passwords

‒ ELASTIC_PASSWORD=changeme
‒ KIBANA_PASSWORD=changeme

‒ (Optional) set up OpenSky credentials (1000 requests for users, 100 for anonymous ) 
‒ OPENSKY_USER=
‒ OPENSKY_PASSWORD=

https://docs.docker.com/get-docker/
https://docs.docker.com/compose/install/
https://github.com/jsanz/elastic-workshop
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Start up

$ cd elastic-workshop/lab

$ sudo sysctl -w vm.max_map_count=262144 # adjust virtual memory (only Linux)

$ docker compose pull # download Elastic stack images

$ docker compose build # build the local opensky images

$ docker compose up -d # start all the containers
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Other useful commands

$ docker compose ps # shows status info

$ docker compose logs -f kibana # show logs

$ docker compose down # shut down all containers and services

$ docker compose restart opensky-viewer # resets a container

$ docker compose stop opensky-viewer # stops a container

$ docker volume ls # list all the volumes (Docker hard disks)

$ docker volume rm [volume-name] # deletes a volume
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Checking the status of the containers
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What do we have?

• es01 & es02: Elasticsearch cluster, https://localhost:9200
• opensky-loader: data loader
• kibana: http://localhost:5601
• opensky-viewer: sample consuming app, http://localhost:80 

https://localhost:9200
http://localhost:5601
http://localhost:8080
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Kibana
Some basic concepts about Kibana



Console
Allows to run Elasticsearch queries with 
autocomplete, code formatting, history, etc.

Search profiler
Shows statistics about query performance.

Grok debugger
Helps creating grok expressions for Logstash.

Painless lab
An environment to test painless scripts.

Developer Tools
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Data Views

• Logic component that gathers indices using a name pattern
‒ my_application_logs_*

• Defines field formatters: number, currency, image, URL, ...

• Defines temporal field for filtering (optional)

• Runtime fields for query time computations
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Creating a 
Data View
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• Quick exploration tool

• Time range and automatic refresh*

• Search bar using Kibana Query Language or Lucene*

• Filters*

• Table view with custom columns

•  Field statistics

• Inspect tool: statistics, complete query and response

• Save your search to be used later on dashboards

* shared UI with other Kibana applications

Discover
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Your data in front of you
Explore your fields with a single 
click

Drag and drop
Go from nothing to visual 
insights with a single mouse 
gesture.

Smart suggestions
Let Lens help guide your 
analysis with useful chart 
suggestions

Lens



… and more
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Dashboards

• Combine multiple visualizations: panels

• Time Range + Search Bar + Filters

• Panels can use filters to perform drill downs

• Panels can have custom time ranges

• Share

• Export to PDF or PNG



Cumbre Vieja dashboard

https://demo.elastic.co/app/dashboards#/view/6f861130-3802-11ec-a99f-17071fd1b505?_g=(filters:!())


Ingest with Kibana: CSV file upload
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Kibana approach to Geographical 
Information Systems

Elastic Maps



Elastic Maps
OOTB Geo Analytics interface within 
Kibana

● Friendly user experience
● Aggregations: heat map, 

clustering, grids, geoline
● Data driven styling
● Tools for drawing, filtering, 

measuring
● Add layers from external tile 

servers
● Used alone or in dashboards or 

Canvas workpads
● Embedded in other Kibana solution 

applications



● Based in OSM and OpenMapTiles
● 18 zoom levels worldwide
● Three stiles: dark, light, classic 
● Administrative boundaries

Elastic Maps Service
maps.elastic.co



Ingest with Kibana: GeoJSON and Shapefile upload

● Docs 📖
● Tutorial 📖

https://www.elastic.co/guide/en/kibana/current/import-geospatial-data.html
https://www.elastic.co/guide/en/kibana/7.14/indexing-geojson-data-tutorial.html


Alert

● Index areas of interest 
or draw in Kibana 
Maps

● Setup Tracking 
Containment alert

● Alert on:
○ Entered
○ Exited
○ Crossed

● Link to actions
○ Email
○ Slack/ MS Teams
○ Jiira
○ …

https://www.elastic.co/guide/en/kibana/current/geo-alerting.html
https://www.elastic.co/guide/en/kibana/current/geo-alerting.html
https://www.elastic.co/guide/en/kibana/current/action-types.html


Example

“Slack  me when one of our busses
leaves  the city boundary ˮ



Time to practice

• Create a new map

• Upload data to your cluster

○ Ainports (from the Console or as GeoJSON details)

○ Positions (with the loader or from static file)

• Create the airports layer

• Grid (hex, tile or cluster) layer for positions (zoom 0 to 6

• Positions layer (zoom 7 and below)

• Add tooltips, play with data-driven symbology, etc

• Group positions by callsign (tracks) to render flight paths

• Add the map to a dashboard with some other visualizations like position metrics 
and histogram, countries treemap, onGround bar, etc… 

https://github.com/jsanz/elastic-workshop/tree/master/lab/airports
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Elasticsearch geospatial data types

● geo_point 📖
○ A single pair of latitude and longitude coordinates
○ Can be inserted as an object, WKT, array, geohash

● geo_shape 📖
○ Supports any lat/lon geometry type, incl. envelope and circle
○ Inserted with GeoJSON or WKT notation

● shape 📖
○ Supports any cartesian geometry type
○ Inserted with GeoJSON or WKT notation

https://www.elastic.co/guide/en/elasticsearch/reference/current/geo-point.html
https://www.elastic.co/guide/en/elasticsearch/reference/current/geo-shape.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/shape.html


Geo Enrichment
Adding a geo dimension to your data

● Transform data at ingest time
● Create geo_point from lat/lon fields
● Enrich IP addressed with estimated location
● Lookup location based on another index e.g. 

postcodes
● Tag documents by matching with polygons in 

another index e.g. local authority boundaries
● Convenient UI in Kibana

https://www.elastic.co/blog/how-to-map-custom-boundaries-in-kibana-with-reverse-geocoding
https://www.elastic.co/blog/how-to-map-custom-boundaries-in-kibana-with-reverse-geocoding


API or Vector tiles
Integrate in to your own system

Elasticsearch search API

● Modern, REST-based API
● JSON is the default 

output format

Elasticsearch Vector Tiles API

● Output in protobuffer format
● Use queries and 

aggregations to generate 
standard vector tiles



Ingest with ogr2ogr
https://gdal.org/drivers/vector/elasticsearch.html 

● ogr2ogr can read and write into Elasticsearch
● Support for custom mapping definitions
● Blog posts:

○ How to ingest geospatial data
into Elasticsearch with GDAL

○ Import OSM data into Elasticsearch
with ogr2ogr and Docker

https://gdal.org/drivers/vector/elasticsearch.html
https://www.elastic.co/blog/how-to-ingest-geospatial-data-into-elasticsearch-with-gdal
https://www.elastic.co/blog/how-to-ingest-geospatial-data-into-elasticsearch-with-gdal
https://discuss.elastic.co/t/dec-6th-2020-en-uploading-data-from-osm-into-elasticsearch/255059
https://discuss.elastic.co/t/dec-6th-2020-en-uploading-data-from-osm-into-elasticsearch/255059


Search
Filter documents with geospatial relationships

Geo Filters

● Bounding box
● Point and radius
● Polygon
● An indexed geo_shape

Plus every other Elasticsearch filter

● Boolean
● Range (numeric, date, IP
● Unstructured text (stemming, 

fuzzy …)



Example

“Show me all subscribers that live within 
5 miles  of our new gym location, that 

joined in the last year  and have 
«running»  mentioned in their profileˮ



Aggregate
Geo Bucket
● Distance (rings) 📖
● Hash 📖
● Geotile 📖
● Hex Grid 📖

Geo Metric
● Centroid 📖
● Bounds 📖
● Geoline 📖

Aggregate non-geo using 
geo filters
● Huge range of 

aggregations  📖

https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-bucket-geodistance-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-bucket-geohashgrid-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-bucket-geotilegrid-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/master/search-aggregations-bucket-geohexgrid-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-metrics-geocentroid-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-metrics-geobounds-aggregation.html
https://www.elastic.co/guide/en/elasticsearch/reference/7.14/search-aggregations-metrics-geo-line.html
https://www.elastic.co/guide/en/elasticsearch/reference/current/search-aggregations.html


Example

“Provide a geographic heat map of total 
sales of blue shirts  for the last 5 years  ˮ



OGC servers and Elasticsearch
Expose Elasticsearch indices as OGC services

GeoServer pygeoapi

https://docs.geoserver.org/latest/en/user/community/elasticsearch/index.html
https://docs.pygeoapi.io/en/latest/data-publishing/ogcapi-features.html#elasticsearch


● Kibana DevTools Console
○ Or curl, postman, ...

● Create an index
○ Field types (also geospatial)

● Add data to your index
● Search documents
● Aggregate data

Elasticsearch DSL



Geospatial 
queries

● Search
○ Find documents by 

point/radius, bounding box, 
polygons

● Metric aggregations
○ Find the centroid or the 

bounding box of your search 
results

● Aggregate
○ Bucket your results by 

geospatial definitions like 
rings or grids



Time to exercise

• Open the Kibana DevTools console
• Test the different queries from the github script

○ Elasticsearch basic queries
○ Geospatial queries

https://github.com/jsanz/elastic-workshop/blob/master/docs/02-elasticsearch.md
https://github.com/jsanz/elastic-workshop/blob/master/docs/03-elasticsearch-geo.md
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Quick 
webmapping intro



storage

basemap APIrendering

browser

widgetsmap

mvt
png
...

json
xml
...

tangram js
deck gl
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● A tile server: nodejs
● A generic viewer: Maplibre

https://github.com/thomasneirynck/mvt_sample

https://github.com/thomasneirynck/mvt_sample


1. Browser requests a tile
2. Middleware gathers query 

parameters: aggregation, 
search filters, etc

3. Database performs the 
query and returns a vector 
tile

4. Middleware forwards 
results to client

5. Fast rendering

Vector tiles 
from 
Elasticsearch



Vector tiles 
from 
Elasticsearch

1. _mvt endpoint 📖
2. Elasticsearch outputs 

mapbox vector tiles in 
protobuff format

3. Can render up to 10.000 
documents per tile

4. Geometries are simplified
5. meta layer with details
6. Optional label positions

https://www.elastic.co/guide/en/elasticsearch/reference/master/search-vector-tile-api.html


opensky-viewer

index.js

Frontend

index.html

mvt

opensky-loader

OpenSky API

mvt

mvt



• /lab/opensky-loader/index.js
• Nodejs application using the elasticsearch JS client
• Review the data load workflow
• How is the index created?
• How is data updated before uploading?
• How is the Bulk API used?

Time to exercise: data loading

https://github.com/jsanz/elastic-workshop/blob/master/lab/opensky-loader/index.js
https://www.elastic.co/guide/en/elasticsearch/reference/current/docs-bulk.html


Time to exercise: viewer

Backend 

• /lab/opensky-viewer/index.js
• Root route serves the web app
• /tile route controller
• Review the tile parameters
• Check how the Elasticsearch query 

is built
• Check the additional HTTP headers 

added

Frontend

• /lab/opensky-viewer/index.html 
• Maplibre and a simple form
• Layers for polygons, lines, and points
• Check the Maplibre source
• Check the styles
• Review the callback for the feature counter

https://github.com/thomasneirynck/mvt_sample

https://github.com/jsanz/elastic-workshop/blob/master/lab/opensky-viewer/index.js
https://github.com/jsanz/elastic-workshop/blob/master/lab/opensky-viewer/index.html
https://github.com/thomasneirynck/mvt_sample
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