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GIS is Organizing the World’s Geographic Knowledge
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Geospatial Infrastructure

Is the Modern GIS Implementation Pattern
Supporting Individuals . . .
... and Organizations of All Sizes

Interconnecting Distributed
Communities Geospatial Services
Organizations
A GIS at Scale . . .
»
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Geospatial Infrastructure Is Transforming Organizations

Integrating and Leveraging Many Technologies
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Geospatial Infrastructure Is Emerging Rapidly

Providing a Rich Network of Distributed Content and Capabilities
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ArcGIS

Supports Three Fundamental Systems 7
v - -

System of Insight System of Engagement
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Internet of Things overview

What Things? Environment
noise co2 nitrates
gases temperature humidity
Weather atmospheric pressure radiation
warnings earthquakes pesticides electromagnetic feedback
precipitation icy conditions '@/l 9aUges water level gauges
water quality air quality
Airports < Public Safety
flight status queues W Ol / police fire

plane location  runway status surveillance

Buildings
lighting hvac
occupancy counts

Connected Cars
autonomous driving  traffic conditions holes
parking meters road conditions slippery areas

network improvements

Energy Usage
electricity gas smart meters

City Workers
sanitation snow plows

Transit
buses taxis rall
trains crowds

People
health moni_tqring Public Health Telecommunications
social activity hospitals ambulances cell phone signals dropped calls
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Internet of Things overview

What Things?
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Decomposing an loT Platform

Generic Blueprint of an IoT solution

Edge loT Plattform Enterprise
" Sensors
[
o - Actions &
Ingestion . .
€| Devices % Intelligence E Applications
e (or Things) .
I . W
Actuators Streaming Batch
Analytics Analytics
Data Storage
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ArcGIS as an IoT Platform

enabling geospatial insights with your loT solution

L ] [ ]
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Complementing an loT platform with ArcGIS

enabling geospatial insights with your loT solution

mmg Microsoft Azure

Edge loT Platform Enterprise
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% loT GeoEvent spatiotemporal ~ GeoAnalytics ~
L Hub Server big data store Server

Alerting
Device Registry
<’> \-‘\2‘3 A Device Store

Stream  Azure Machine Management

Device State
Store

Function App Storage blob  Anaiytics Learning

@esri Deutschland @esri Suisse

THE SCIENCE OF WHERE THE SCIENCE OF WHERE



Complementing an loT platform with ArcGIS

enabling geospatial insights with your loT solution

Edge T Enterprise
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Alerting
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Stream  Azure Machine Management

Device State
Store

Function App Storage blob  Anaiytics
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Event Server



Apps

GeoEkvent Server
T

Real-Time GIS for ArcGIS Enterprise
Desktop
APls

<>

Live & Historic

}-‘\ Live Features
Stream Services Aggregates & Features

visualization

ArcGIS Enterprise
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ArcGIS GeoEvent Spatiotemporal
Server big data store

analysis B storage
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GeoEkvent Server

Ingestion

b
Poll an ArcGIS Server for Features 'ﬁ\ Azure loT

_ 4p  Amazon loT
X Poll an external website for GeoJSON, JSON, or XML ®

. . iveM0 ActiveM
Receive Features, GeoJSON, JSON, or XML on a REST endpoint dllieM) ActiveMQ

Receive GeoJSON or JSON on a WebSocket RabbitMQ

E—ﬁ Receive RSS cres  GTFS
E Receive Text from a TCP or UDP Socket NMEA 0183
Subscribe to an external WebSocket for GeoJSON or JSON Kafka

KML

Watch a Folder for new CSV, GeoJSON, or JSON Files

§8 Subscribe to a Kafka Topic for JSON, GeoJSON, Text
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(]It) Amazon loT

GeoEvent Server [E8] Ao or Upate a Fea
:@

Dissemination

Push data to an external Website
Push data to an external WebSocket

@ Send an Instant Message
GO send a Textwessage R
><] Send an Email

Write to a CSV, GeoJSON, or JSON File

§€ Write data to a Kafka Topic

Esri Gallery

Out of the Box
8

You can create your

Output Connectors own connectors using N
the GeoEvent SDK. ~ aa”_

”

_ (0 =
actuation Em
S U

ArcGIS GeoEvent
Server
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GeoEkvent Server

Processors and Filters

Buffer Creator

Incident Detector w
Intersector m

Event Joiner

Convex Hull Creator

Difference Creator

Envelope Creator

Field Calculator

Field Enricher Symmetric Difference

Field Mapper Track Gap Detector

HTTP Handler Event Counter
Union Creator
Field Splitter Reverse Geocoder
Ellipse Service Area Creator
Spatial Query Symbol Lookup
Extent Enricher Track Idle Detector

Field Grouper
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Field Reducer

@ Esri Gallery

Processors & Filters

Unit Converter
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ArcGIS GeoEvent You can create your
Server

Own processors using

I
the GeoEvent SDK. :\ o
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Geokvent Server .
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Geokvent Server Apps

Visualizing Real-Time data

j

Desktop
APIS
- Map & Features layers in apps periodically poll to
visualize most current observations
- backed by an enterprise geodatabase (EGDB) or a
spatiotemporal big data store (BDS) ~-
. . . Live Features Live & Historic
- history can be retrieved & queried for playback and Stream Services Aggregates & Features
analysis A _
- Stream layers in apps subscribe to stream services to "
immediately visualize observations Polling
. Push ArcGIS Enterprise
- does not require storage, low latency, no playback
You can combine » (o/ 5
StreamService and ArcGIS GeoEvent Spatiotemporal g
Feature Service . \lz A big data store | pgpg
= J

Fd
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Integrating Sensor
Data Streams

ArcGIS GeoEvent Server Demo
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@esrl Deutschland @GSI"I Suisse
THE SCIENCE OF WHERE THE SCIENCE OF WHERE



GeoEkvent Server

Automatization & Extensibility

- Java Software Development Kit (SDK)
- Included with GeoEvent installation
- Including tutorials and samples

- Admin REST API
- Swagger Ul / documentation

ArcGIS GeoEvent Server: Real-Time Mapping and Analytics

Created by ArcGIS GeoEvent Server Product Team

i

Gets all adapters

Gets all inbound adapters

u

Gets all outbound adapters

all of the

connector

P13 /connectol

H.
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ArcGIS® GeoEvent Server

Developer Guide

[4] SamplelnboundAdapterjava 5%
1 package sample.adapter;|

mport java.nio.BufferUnderflowException;[]

public class SampleInboundAdapter extends InboundAdapterBase
r
i

private static final BundleLogger LOGGER = BundleLoggerFactory.getlogger(SampleInboundAdapter.class);
public SampleInboundidapter(AdapterDefinition definition) throws ComponentException
r

super(definition);

public GeoEvent adapt(ByteBuffer buffer, String channelId)
T

1
buffer.mark();

Q Features  Business Explore Marketplace Pricing

! REPOSITORIES 29 Language: All v Sort: Best match ¥
GeoEvent

try
{

msg = geoEventCreator.cre Esrj / twitter-for-geoevent * 15

LOGGER . info("CREATED, R N .

- S GeoEvent sample Twitter connectors for sending and rece
catch (MessagingException e
r nt  twitter c . ve adapter
return null;
@Java  Updated on Ay

; '
msg.setField(i+t, 1); Esri / mongodb-for-geoevent
double x = 1.8; A GeoEvent S ? ngoDB Connector fo
double
int w 4326;
msg.setField(i++, new MapGe
LOGGER. info("POPULATED_FIEL
return msg;

ent  arcgis  mongodb  comnector  transport  an

@®Jaia  Updated on Apr 17

Esri / instagram-for-geoevent

S GeoEvent sample Instagram connector for receiving Instagram f

i / kafka-for-geoevent

S GeoEvent sample Kafka connectors for connecting to Apache Kafka messag;

arcgis  kafke  jaua  conmector  transport  server

@®Java  Updated on Jul 11

Sign in ' Sign up

arcgis-geoevent-



Resources

Self-Paced Training and Resources

- ArcGIS GeoEvent Server resources I
- http://lenterprise.arcgis.com/en/geoevent
- Updated documentation
- Quick Start Guide (PDF)
- Installation Guides
- System Requirements

Overview of input connectors

- Tutorials

- GeoEvent Gallery
- https://links.esri.com/geoevent-gallery

- Blogs and discussion forum
- http://links.esri.com/geoevent-forum

- Video recordings of technical workshops
- http://www.esri.com/videos



http://enterprise.arcgis.com/en/geoevent
https://links.esri.com/geoevent-gallery
http://links.esri.com/geoevent-forum
http://www.esri.com/videos

ArcGIS Enterprise

with Real-time capabilities
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Spatiotemporal Big Data Store

Optimized for large data volumes

Non-relational database
- Better performance

- Distributed database
- Replicated data storage

- Spatial, temporal &
attribute indices

- Performant queries R % T i i%m;w

o sl i 4
sﬁ%%

- On-the-fly aggregation
- Threshold to switch between ~.—;.\
aggregated and individual &

feature view Spatiotemporal
big data store

Speicherung j§
@GSI‘I Deutschland @esrl Suisse .
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SBDS MapService
In ArcGIS Pro

Spatiotemporal Big Data Store Demo

L ] [ ]
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ArcGIS Enterprise

with Real-time & Big Data capabilities

loT
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Analytics



What is GeoAnalytics?

GeoAnalytics parallelizes computing to
guickly analyze large amounts of vector and
tabular data

A collection of analysis tools to identify
patterns, relationships, anomalies and
incidents in large amounts of data across
space and time
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ArcGIS Enterprise

with Real-time & Big Data capabilities
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Analyze Patterns
_| Calculate Density Tl Create Space Time Cube m—?ﬂ Find Hot Spots

7 Forest-based - 3 o
‘| Find Point Clusters A }. Classification and - 3, g:;::sl;:nd Linear

GeoAnalytics Server

Overview ;...d liii:z::n (GWR)
I g _>F| Detect Incidents -9!—| Find Dwell Locations ,_[;I Find Similar Locations
- Spatiotemporal Analysis Q;ﬂ;gwm i L
° TOOIS WOI’k In bOth dlmenSIOnS [E)EAppend Data @‘Calculate Field _'@_‘_ﬁ\(lip Layer
© Summarize data & analyze patterns ey , ,

1 _;}lCopy To Data Store . ﬂDissolve Boundaries g—)ﬁ Merge Layers

<.

@—{] Overlay Layers

Summarize Data

=2 - o
B—)’]Aggregate Points Describe Dataset %\Join Features

Reconstruct Tracks | Summarize Attributes ummarize Within

Use Proximity

I;l Create Buffers

ArcGIS GeoAnalytics
Server

Big Data
Analyse

@esri Deutschland @esri Suisse
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Punkte aggregieren

GeoAnalytics Analyse Funktionalitat

Einfache,
statistische
X X Berechnungen
: (Anzahl, Min, Max,
Durchschnitt).

Aggregation in
zeitlicher Dimension.




Feature verbinden

GeoAnalytics Analyse Funktionalitat

Target Features Join Features

Verbindet Features von zwei Layern miteinander auf Basis von
raumlichen, zeitlichen und attributiven Zusammenhangen.

L ] [ ]
@esrl Deutschland @esrl Suisse
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Analysis with
GeoAnalytics

GeoAnalytics Server Demo

L ] [ ]
@esrl Deutschland @GSI‘I Suisse
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GeoAnalytics Server

Overview

Spatiotemporal Analysis
Tools work in both dimensions
Summarize data & analyze patterns

Scale across multiple machines
Framework for parallel processing

Connection to external data

sources
Analysis of existing enterprise data

@esri Deutschland @esri Suisse
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Analyze Patterns

.:":» Calculate Density i.?;'l Create Space Time Cube m—?ﬂ Find Hot Spots

[orest hased F E Generalized Linear
[.27\Regression

] J P
;.'.L)I:_._" Find Point Clusters ‘I,{?\l Classification and
- 7~ Regression

Geographically Weighted
7 .,.\;L'Regression (GWR)

Find Locations
D—)ﬂ Detect Incidents D—)ll—l Find Dwell Locations %_[;I Find Similar Locations

Manage Data

[‘E-’)(ﬂ/lppend Data Elﬁlculate Field ";P__”KCIip Layer

'[\__E!/-J:Copy To Data Store E—),.l—] Dissolve Boundaries g—)ﬂ Merge Layers

E—)ﬂ Overlay Layers

Summarize Data <
- e Big Data
E}—){]‘Aggregate Points ' @\Join Features

,'{1}_ Reconstruct Tracks =g i i %[ Summarize Within

Use Proximity

l;l Create Buffers

ArcGIS GeoAnalytics
Server

Big Data
Analyse big data Hosted
file shares Feature Layer



Data Integration
Big Data File Shares

Input: Big Data File Share (Referenced Datasource)

* Read from:
* File shares

« HDFS — Hadoop Distributed File System

* Hive
* Cloud Storage % @Hm:s

«  AWS S3 —-HIVE
* Microsoft Azure Blob container
* Microsoft Azure Data Lake

* Supported Formats:
» Delimited files (.csv, .tsv, .txt)

« Shapefiles
« Parquet files
*  ORC files

L L]
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Output:

Hosted Feature Layer
(SBDS)

‘ New Hosted
Feature Layer

Big Data File Share
(Referenced Datasource)

big data
file shares

41



Analyze Patterns

.:":» Calculate Density i.?;'l Create Space Time Cube m—?ﬂ Find Hot Spots

[ e Forest-based " o o
l—*)l‘ Find Point Clusters u’,{?\. Classification and F E Generalized Linear

GeoAnalytics Server i bt BRI
Geographically Weighted
7 .,.\;L'Regression (GWR)

Overview

Find Locations

. . ">F| Detect Incidents —)!—l Find Dwell Locations n__[zl Find Similar Locations
- Spatiotemporal Analysis Q;;M o G

® TOOIS WOI’k N bOth dlmenSIOnS [E—})(ﬂ;lppend Data l@\ﬁalculate Field @ACHP Layer
- Summarize data & analyze patterns T e 7a
@ﬁopy To Data Store E—),.l—] Dissolve Boundaries g—)ﬂ Merge Layers

« Scale across multiple machines Bl overyLves
- Framework for parallel processing mepreyes Big Data
E}—?ﬂ‘Aggregate Points "T-.L'Descrlbe Dataset [éné__j}loin Features

« Connection to external data

,(1\ Reconstruct Tracks @ Summarize Attributes 1%.| Summarize Within
sources - D P
« Analysis of existing enterprise data D I

* Run a Python script in the Spark framework

* Use of PySpark and Mllib 2.

* Pipeline analysis workflows
ArcGIS GeoAnalytics

Server

Big Data
Analyse big data Hosted
file shares Feature Layer

L ] [ ]
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ArcGIS Notebooks

Integration of Jupyter Notebooks in ArcGIS

ArcGIS

* ArcGIS API for Python Source 1':0“;
* ArcPy on & Data Science W W K -@
= ¥
—_—
@ C - Ju pyte I

ArcGIS API for Python

A powerful Python library for spatial analysis, mapping, and GIS.

@esri Deutschland @esri Suisse
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script in the
Spark framework

GeoAnalytics Server Demo

L ] [ ]
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Run a Python script in the Spark framework

Extend Your Big Data Analysis with
GeoAnalytics Server and Spark

https://www.esri.com/arcqgis-blog/products/geoanalytics-
server/analytics/extend-your-big-data-analysis-with-spark/

Detailed REST API description with examples:
https://developers.arcagis.com/rest/services-reference/run-python-script-examples.htm

L ] [ ]
@esrl Deutschland @esrl Suisse
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https://www.esri.com/arcgis-blog/products/geoanalytics-server/analytics/extend-your-big-data-analysis-with-spark/
https://developers.arcgis.com/rest/services-reference/run-python-script-examples.htm

ArcGIS Enterprise

with Real-time & Big Data capabilities
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GeoAnalytics

Products
GeoAnalytics Desktop GeoAnalytics Server
Parallel processing across cores on Distributed processing across
your laptop or desktop with multiple server cores and machines
ArcGIS Pro with ArcGIS Enterprise
[o-- =
Em:
o=,
ArcGIS GeoAnalytics
Server
When to use Desktop or Server for GeoAnalytics?
Analyse
@desri Deutschland EBeSTi Suisse https://www.esri.com/arcgis-blog/products/product/analytics/spark-

powered-analysis-with-geoanalytics-desktop-tools-vs-geoanalytics-sefer/



https://www.esri.com/arcgis-blog/products/product/analytics/spark-powered-analysis-with-geoanalytics-desktop-tools-vs-geoanalytics-server/

When to use Desktop or Server for GeoAnalytics?

(L o L L
= ST DO .. B BBt B ®
CED—(E0e( =it iy S (o P e
: a9 e e ® VOO BO®
Analytics g ST <
20020 = S0 =e®

£,

Spark-Powered Analysis with
GeoAnalytics Desktop Tools vs.
GeoAnalytics Server

Analytics & N
Sarah Amprese
July 16,2019

ArcGIS Pro includes 70+ geoprocessing tools that support parallel processing on your
desktop machine. Parallel processing leverages your machine's computational resources to
achieve faster performance and better scalability. This is accomplished by splitting up a big
processing job into smaller processing tasks that can be processed in parallel. Learn more

about parallel geoprocessing here.

@esri Deutschland @esri Suisse
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https://www.esri.com/arcgis-blog/products/product/analytics/spark-powered-analysis-with-geoanalytics-desktop-tools-vs-geoanalytics-server/

Considerations for GeoAnalytics Desktop Tools

Considerations for GeoAnalytics Desktop
tools

GeoAnalytics Desktop tools provide a parallel processing framework for analysis on a desktop
machine using Apache Spark. Through aggregation, regression, detection, and clustering, you can
visualize, understand, and interact with big data. These tools work with big datasets and allow you
to gain insight into your data through patterns, trends, and anomalies. The tools are integrated and

run in ArcGIS Pro in the same way as other desktop geoprocessing tools.

GeoAnalytics Desktop tools are designed for large datasets; consequently, other desktop tools
may be more appropriate for use with smaller datasets. GeoAnalytics Desktop tools require an
initial startup time to implement the distributed processing, so they are optimal for larger datasets

(hundreds of thousands or millions of records).

https://pro.arcqgis.com/en/pro-app/tool-reference/geoanalytics-
desktop/considerations-for-geoanalytics-desktop-tools.htm

@esri Deutschland @esri Suisse
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ArcGIS Enterprise

with Real-time & Big Data capabilities
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ArcGIS Analytics for loT

real-time & big data GIS capability for ArcGIS Online

Environment
noise

co2 nitrates
gases temperature humidity
Weather atmospheric pressure radiation
warnings earthquakes pesticides : electromagnetic feedback
precipitation icy conditions @/ 9auges water level gauges

water quality

air quality
Airports Public Safety
flight status queues police fire
plane location  runway status surveillance

Connected Cars
autonomous driving traffic conditions holes
parking meters road conditions slippery areas

network improvements

Buildings
lighting hvac
occupancy counts

%

GeoEvent

SEIE
Transit

buses taxis rail
trains crowds

Energy Usage

electricity gas smart meters

City Workers
sanitation snow plows

People
health monitoring

Public Health
social activity

Telecommunications
hospitals ambulances

cell phone signals dropped calls

@esri Deutschland @esri Suisse
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% Analytics
GeoAnalytics #
Server

Real<Time —

Data

ArcGIS Online

NEW

&

Analytics
for loT

Two Solutions
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ArcGIS Analytics for loT

real-time & big data GIS capability for ArcGIS Online

- Extract location-based intelligence from your IoT
- Rapidly visualize, replay, & analyze IoT data

- Discover & use real-time feeds

- Detect patterns over space & time

Desktop

Apps

smliy

APls
<>
mm
» G
G e
™ © .
4 - 4
= .
. ilj /@ o " ArcGIS Online
—m ~ Z 4
& o v © - Analytics for loT
W, e Map Feature Stream Real-Time Big Data
IE'I 'K ﬂﬂﬂ Layer Layer Layer ey Analytic Analytic
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New Item Types
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Feeds a2\
Ingest and visualize real-time data streams ¢

Connect to data sources
- ArcGIS (Feature & Stream Layers)

ship_positions_simulation

- Cloud IoTs (Amazon, Azure, Cisco)
- Web & Messaging (HTTP, Kafka, RSS...)

Schema auto-discovery

Behaves like a stream layer

Immediate display of new data

esri Deutschland esri Suisse ) . . ]
@w @w ...discover and share real-time data streams as items in ArcGIS



Process and analyze real-time data streams

Real-Time Analytics f\I

- Input Sources
- Feeds (one or more)
- Static data sources (enrichment, joins)

@ Store_Latest Vehicle_Counts 7 ]

EH Details B Analysis *V* Status

from vehicle-counts

+ tonearest mile-markers feature

. TimeStamp (Date), MileMarker (String) ° A n al yt i C TO O I S
| toveidesour roxckercor - Build a pipeline of zero to many....
- Analyze individual observations

- Outputs
- ArcGIS Layers (Map & Feature)

- Alerts & Notifications (Email,
Actuations)

@esn Deutschland @esn Suisse ...generating alerts from and triggering actions to loT devices in real-time

THE SCIENCE OF WHERE THE SCIENCE OF WHERE



Perform batch analysis on stored big data

Big Data Analytics ‘@

- Input Sources
- ArcGIS (Feature Layers)
- Cloud (Amazon S3, Azure Blob)
- Web & Messaging (HTTP, RSS...)

- Analytic Tools
- Analyze Patterns
- Find Locations
- Manage, Summarize, Enrich Data

- Output results to one or more
destinations

@esri Deutschland @esri Suisse ...big data analysis pipelines on demand or scheduled for recurring execution
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ArcGIS Analytics for loT ‘¢

Ressourcen

@esri Products Solutions Support & Services News About Q

ArcGlIS Analytics for loT Overview Resources Get Started
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ArcGIS Analytics for loT

Harness the full potential of loT

@ﬁﬂ[wﬂ?u"scmand @Sﬁﬂﬁgisse https://www.esri.com/en-us/arcais/products/arcais-analytics-for-iot/overview



https://www.esri.com/en-us/arcgis/products/arcgis-analytics-for-iot/overview

 ArcGIS Analytics for loT - Verkehrsdashboard Miinster

Anzahl fahrender Busse

118

Bus: 5102 - aktuelle Verspatung: 271 Sek.
Linie: 9
Letztes Update: 3/5/2020, 10:41 AM

Bus: 5166 - aktuelle Verspatung: 113 Sek.
Linie: 33
Letztes Update: 3/5/2020, 10:41 AM

Bus: 2915 - aktuelle Verspétung: -1,067
Sek.

Linie: 10
Letztes Update: 3/5/2020, 10:41 AM

Bus: 5456 - aktuelle Verspatung: 90 Sek.
Linie: 2
Letztes Update: 3/5/2020, 10:41 AM
Bus: 2751 - aktuelle Verspatung: 43 Sek.
Linie: 12
Letztes Update: 3/5/2020, 10:41 AM
Bus: 1346 - aktuelle Verspatung: 185 Sek. ~ { =
Linie: 8 b Y e ArcGIS Analytics for loT
Letztes Update: 3/5/2020, 10:41 AM et \ T
Bus: 1564 - aktuelle Verspatung: 134 Sek.
Linie: 14
Letztes Update: 3/5/2020, 10:41 AM
Bus: 2948 - aktuelle Verspatung: 304 Sek.
Linie: S
Last update: & few seconds ago

Datenquollon:

Warnungen

0A

envnroCar
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THE SCIENCE OF WHERE THE SCIENCE OF WHERE




Esri in Deutschland und der Schweiz

Das Unternehmen

An 10 Standorten vertreiben die Esri Deutschland GmbH und die Esri Schweiz AG als
Distributoren die Produkte von Esri Inc. und unterstlitzen Anwender umfassend: von
Consulting und Implementierung bis hin zu Schulungen und Support — seit 1979 mit dem
ganzen Erfahrungsreichtum von 330 Mitarbeitern in Deutschland und der Schweiz.

Esri Deutschland GmbH Kranzberg Standort Berlin
o Standort Bonn
@géﬂmefu"“hland Standort Hamburg Standort Hannover I
Standort Leipzig Standort MUnster
esri e Esri Schweiz AG Ziirich
THE SCIENCE OF WHERE Standort Nyon

© Esri Deutschland GmbH und Esri Schweiz AG

61



