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Sensor Web

- All sensors reporting position - All readable remotely
- All connected to the Web - Some controllable remotely
- All with metadata registered
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Sensor systems are too often stove-piped
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We want to set this data free

With freedom comes responsibility
1. discovery, access, and search
2. integration and interpretation

free.asa

Lﬂl
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OGC Sensor Web Enablement (SWE)
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We want to set this data free

With freedom comes responsibility
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How are machines to integrate and interpret data?

S

RDF | OWL

' WSC Semantic Sensor Networks (SSN)

7 Cory Henson | 29/01/2015 | © Robert Bosch GmbH 2014. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, @@‘-/E

distribution, as well as in the event of applications for industrial property rights.



Semantic Sensor Network Ontology
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Rl

Also adding:
physical properties, power use, connectors, lifetime, etc (of devices/systems)
mobility, availability, operational ranges, callibration, ...

SSN Report: http://www.w3.0rg/2005/Incubator/ssn/XGR-ssn-20110628/
SSN Ontology: http://purl.oclc.org/NET/ssnx/ssn
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Stimulus-Sensor-Observation Design Pattern
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> Introduces a minimal set of classes and relations centered around the notions of stimuli,
sensor, and observations.

http://www.w3.0rg/2005/Incubator/ssn/XGR-ssn-20110628/

/7@
9 Cory Henson | 29/01/2015 | © Robert Bosch GmbH 2014. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, ©

distribution, as well as in the event of applications for industrial property rights.



http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/

Stimulus-Sensor-Observation Design Pattern
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SSNO Modules
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SSNO Modules
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Figure 5: Simplified view of wind sensor example. The wind speed sensor has accuracy dependent on wind conditions. Not shown in the figure are the operating and

SSNO Example: Wind Sensor
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are shown with wm30: and qu: namespaces. Values incorporate DUL regions and QU units.

survival ranges and the specification of the wind direction sensor, which comes with options for 3557 and 360° measurement ranges. The sources of new concepts
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Applications of SSNO

99999

1. Discovery and query of sensor data éﬂ%‘;@%’%
e« SSN-XG use-cases #1 and #2

ssssss

2. Interpretation of sensor data
« Translating data to knowledge
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SSNO Application #1: Discovery and query of data

GraphOfThings.org provides real-time access to sensor data streams across the globe, through
both SPARQL query and Pub/Sub.
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\
15 Cory Henson | 29/01/2015 | © Robert Bosch GmbH 2014. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, @D

distribution, as well as in the event of applications for industrial property rights.



http://challenge.semanticweb.org/2014/submissions/swc2014_submission_8.pdf

SSNO Application #1: Discovery and query of data

GraphOfThings.org provides real-time access to sensor data streams across the globe, through
both SPARQL query and Pub/Sub.
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SSNO Application #2: Interpretation of sensor data

Intellego provides a framework for interpreting sensor data, loosely based on
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http://knoesis.wright.edu/library/resource.php?id=1948
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SSNO Application #2: Interpretation of sensor data
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Integrating SSNO with other Web Standards

SSNO + PROV-O

Sensor Data Provenance: SSNO and PROV-0
Together at Last

SSNO + CoAP

Michael Compton!, David Corsar®, and Kerry Taylor!- A logic-based CoAP extension for resource
! CSIRO Digital Productivity and Services, Canberra discovery in semantic sensor networks

firstname.lastname@icsiro.au
2 University of Aberdeen, Aberdeen, UK deorsar@abdn. ac.uk
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Folitecnico di Bari
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Bari, ITALY
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SSNO + RDF Data Cube Vocab

A Linked Sensor Data Cube for a 100 Year Homogenised
daily temperature dataset

Laurent L::fun'._ Josh Bubruk'._ Armin Halls:r', Kerry Ta:,rlur' and Andrew Woolf

'CSIRO ICT Centre, GPO Box 664, Canberra, Australia, {firstname. lastname Halcsino.au
? Australian Bureau of Meteorology, Canberra, Australia, A Woolfi@bom. gov.au
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Future Directions: loT

Internet of Things @Qg

THE WORWD
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Future Directions: loT

Consumers care consequences of technical decisions

Obama Approval Rating Drops After

NSA Survelllance News: Poll
e utngon ot |0y Lo WS - Consumer sensor data

who operates
servers?

Economist

-
Py
-

> Obama's Approval Rating Takes A Huge Dip

\ L -
President Barack Obama's approval rating dropped eight points from last month,
according to a CNN poll released Monday.

| Every step you take

Google Glass, ubiquitous cameras

andthethteattoprivaq
our There is nothing wrong with ubiquitous cameras and sensors:
claim the problem is the software architecture behind them.
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Future Directions: loT

Approach 1: Semantics in the Cloud
Send all sensor observations to the cloud for semantic
annotation and processing.

Approach 2: Semantics at the Edge
Downscale semantic representation and reasoning for
local processing.

http://www.knoesis.org/library/resource.php?id=1772
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Future Directions: loT

An Efficient Bit Vector Approach to Semantics-based
Machine Perception in Resource-Constrained Devices

Cory Henson, Krishnaprasad Thirunarayan, Amit Sheth

Ohio Center of Excellence in Knowledge-enabled Computing (Kno.e.sis)
Wright State University, Dayton, Ohio, USA
joory, thprasad, amit }knoesis.org

0110 Use bit vector encodings and their
0011 operations to encode background
1000 knowledge and execute semantic
(OWL-DL) reasoning
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