
End-to-end IoT solutions
with Java and the
Eclipse IoT stack



IoT is Big





Open IoT Stack for Java



End-to-end IoT?

Actuators/Sensors
+

Gateway
+

[ Cloud ]
+ 

User front-end



1. Sensors/Actuators

➔ Sense the physical environment
➔ Act on it
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➔ Sense the physical environment
➔ Act on it

That was 
easy, eh?



1. Sensors/Actuators

➔ Manipulate sysfs directly
➔ Use Pi4J to have full support of 

GPIO/I2C/SPI
➔ Device I/O API with Java or Java ME



Sensors/Actuators

➔ Pi4J – http://pi4j.com 
✓ Complete access to GPIOs/I2C/SPI
✓ Very mature codebase, based on WiringPi
✓ Support for popular shields (PiFace, 

Gertboard, …)
✓ Lots of code samples



Pi4J in action

GpǴoǫonǹǸoǷǷeǸ ǳpǴo ȅ GpǴoFaǱǹoǸǻ.ǳeǹInsǹanǱe();

GpǴoPǴnDǴǳǴǹaǷOuǹpuǹ pǴn ȅ ǳpǴo.pǸoǺǴsǴonDǴǳǴǹaǷOuǹpuǹPǴn(

    RaspǴPǴn.GPIO_01, "MǻLED", PǴnSǹaǹe.HIGH);

ThǸead.sǷeep(5000);

pǴn.Ƿow();

ThǸead.sǷeep(5000);

pǴn.ǹoǳǳǷe();

ǳpǴo.shuǹdown();



Gateway



Gateway



Gateway



Gateway

Connect
sensors to the world

Manage the hardware 
and software running at 

the edge



Connect?

➔ CoAP
✓ « HTTP over UDP »
✓ Expose your device as a resource to the 

Internet of Things
➔ MQTT

✓ Publish/Subscribe model
✓ More room for local processing



CoAP: The web-of-things
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Eclipse Californium

➔ Focus on scalability and usability
➔ To be used in IoT cloud servers or 

M2M/IoT devices running Java
➔ Includes DTLS implementation 

(Scandium),
HTTP/CoAP bridge, Plugtests, …



Californium 101

ǫoapSeǸǺeǸ, ǫoapResouǸǱe, ǫoapExǱhanǳe

1. Implement custom resources 
(extend ǫoapResouǸǱe)

2. Add resources to the CoAP server
3. Start the server



Californium 101
ǴmpoǸǹ sǹaǹǴǱ oǸǳ.eǱǷǴpse.ǱaǷǴǲoǸnǴum.ǱoǸe.Ǳoap.ǫoAP.Responseǫode.*; // shoǸǹǱuǹs
pubǷǴǱ ǱǷass MǻResouǸǱe exǹends ǫoapResouǸǱe {
  @OǺeǸǸǴde
  pubǷǴǱ ǺoǴd handǷeGET(ǫoapExǱhanǳe exǱhanǳe) {

exǱhanǳe.Ǹespond("heǷǷo woǸǷd"); // ǸepǷǻ wǴǹh 2.05 paǻǷoad (ǹexǹ/pǷaǴn)
  }
  @OǺeǸǸǴde
  pubǷǴǱ ǺoǴd handǷePOST(ǫoapExǱhanǳe exǱhanǳe) {

exǱhanǳe.aǱǱepǹ(); // maǶe Ǵǹ a sepaǸaǹe Ǹesponse
Ǵǲ (exǱhanǳe.ǳeǹRequesǹOpǹǴons() ...) {

  // do someǹhǴnǳ speǱǴǲǴǱ ǹo ǹhe Ǹequesǹ opǹǴons
}
exǱhanǳe.Ǹespond(ǫREATED); // ǸepǷǻ wǴǹh Ǹesponse Ǳode onǷǻ (shoǸǹǱuǹ)

  }
}



MQTT: Publish & Subscribe
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Eclipse Paho

➔ Open-source MQTT clients
➔ Pick your language!

✓ Java
✓ JavaScript
✓ C/C++, Objective C
✓ Go, Lua, Python, .NET, WinRT, …



Paho 101 (Java)
MqǹǹǫǷǴenǹ Ǳ ȅ new MqǹǹǫǷǴenǹ("ǹǱp://Ǵoǹ.eǱǷǴpse.oǸǳ:1883",
                                  MqǹǹǫǷǴenǹ.ǳeneǸaǹeǫǷǴenǹId());
mqǹǹǫǷǴenǹ.seǹǫaǷǷbaǱǶ(new MqǹǹǫaǷǷbaǱǶ() {
  @OǺeǸǸǴde
  pubǷǴǱ ǺoǴd messaǳeAǸǸǴǺed(SǹǸǴnǳ ǹopǴǱ, MqǹǹMessaǳe messaǳe)
  ǹhǸows ExǱepǹǴon {
    // pǸoǱess ǸeǱeǴǺed messaǳe
    // ...
  }
});
mqǹǹǫǷǴenǹ.ǱonneǱǹ();
mqǹǹǫǷǴenǹ.subsǱǸǴbe("mǻǳaǹewaǻ/ȃ");



MQTT brokers

➔ Eclipse Mosquitto
✓ C implementation
✓ Scalable (1000 clients == 3MB RAM)

➔ Eclipse Moquette
✓ Java implementation
✓ Based on Netty and LMAX disruptor



Manage?

➔ Gateway itself
✓ wireless modem, firewall, …

➔ Applications
✓ Install/Uninstall software packages
✓ Start/Stop applications

➔ Sensors
✓ H/W abstraction layer



Java VM
OSGi Application Container 
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Eclipse Kura



Installing Kura
Ǳd ~

sudo apǹ-ǳeǹ updaǹe

wǳeǹ hǹǹps://s3.amazonaws.Ǳom/ǶuǸa_downǷoads/ǸaspbǴan/ǸeǷease/1.1.0/ \
                              ǶuǸa_1.1.0_ǸaspbeǸǸǻ-pǴ_aǸmǺ6.deb

sudo dpǶǳ -Ǵ ǶuǸa_1.1.0_ǸaspbeǸǸǻ-pǴ_aǸmǺ6.deb

sudo apǹ-ǳeǹ ǴnsǹaǷǷ -ǲ

sudo Ǹebooǹ



First steps with Kura

➔ Network management
✓ Cellular Modem, WiFi
✓ Firewall
✓ NAT

➔ OSGi and system administration
➔ IoT server communication settings



Kura API

➔ OSGi services that you can re-use in your 
own components
✓ ǫǷoǱǶSeǸǺǴǱe
✓ DaǹaSeǸǺǴǱe, ǫǷoudSeǸǺǴǱe
✓ ǫǸǻpǹoSeǸǺǴǱe (AES, base64, SHA-1)
✓ PosǴǹǴonSeǸǺǴǱe (geolocation)
✓ … and many others



Demo time!



Practical example: Greenhouse

➔ A SensoǸSeǸǺǴǱe implementation leveraging Pi4J 
for GPIO/I2C

➔ A configurable GǸeenhousePubǷǴsheǸ component 
that:
✓ consumes a SensoǸSeǸǺǴǱe (GPIO manipulation)
✓ consumes a DaǹaSeǸǺǴǱe (MQTT communication)
✓ exposes a SensoǸǫhanǳedLǴsǹeneǸ (be notified of 

external GPIO updates)
✓ exposes configuration metadata (Web UI config)



Talk is cheap…
Show me the code!



And how about CoAP?

➔ Californium can easily be embedded in a 
Kura bundle

➔ Another OSGi component can:
✓ consume the SensoǸSeǸǺǴǱe 
✓ expose CoAP resources

⚠ You need to open port 5683 in Kura!



End-user interaction

➔ JavaFX Charts

➔ Eclipse BIRT

➔ Smartphone app (e.g Android)
✓ https://www.eclipse.org/paho/clients/android 

➔ MQTT + WebSockets = ♡
✓ https://www.eclipse.org/paho/clients/js

https://www.eclipse.org/paho/clients/android
https://www.eclipse.org/paho/clients/android
https://www.eclipse.org/paho/clients/js
https://www.eclipse.org/paho/clients/js


If you had to remember only 3 things...

Kura is awesome!
Go download it now!

http://eclipse.org/kura

#1
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If you had to remember only 3 things...

Build your own greenhouse &
follow the tutorial

http://iot.eclipse.org/java/tutorial 
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If you had to remember only 3 things...

Eclipse Open IoT Stack for Java 
is much more than Kura

http://iot.eclipse.org/java

#3

http://iot.eclipse.org/java
http://iot.eclipse.org/java


Get Involved!



Thank you! Questions?

benjamin@eclipse.org 
@kartben

http://iot.eclipse.org 
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