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• Market penetration of Sensors is increasing 
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Motivation

„obvious“ sensors

… but also

i.e. citizens as sensors (Goodchild 2007)



• Market penetration of Sensors is increasing

• Number of proprietary systems and data models handling sensor data  

Open Issues:

• Sharing data between those proprietary systems?

• Monitoring the status of the forest supply chain in real-time?
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Motivation

… and many more!



• Due to the high number of different available proprietary systems, data models 

and sensor data transmission techniques it seems difficult to integrate each 

part of the FSC in one “system”.

• In order to integrate different proprietary systems, we need to think about 

standardization strategies in order to integrate sensor data right from the start.

• As the FSC deals with agents that are moving in space and time, any 

standardization approach needs to take spatial and temporal dimension into 

account.

• Integrating sensors involves semantic understanding of the sensors (Bröring et 

al. 2011a, Bröring et al. 2011b, Janowicz et al. 2010, Kuhn 2009, Kuhn et al. 2014)
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Sensor Data & Spatial-temporal Domain - a 
Standardization Issue?



Approach for integrating real-time 

sensor data:

OpenGeospatial Consortium Sensor 

Web Enablement (SWE) Initiative 

(OGC 2015) with according 

standards (partly ISO standards):

• Sensor Observation Service (SOS)

• Sensor Model Language (SensorML)

• Observations and Measurements 

(ISO 19156)

• …
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Sensor Data & Spatial-temporal Domain - a 
Standardization Issue?

http://www.opengeospatial.org/domain/swe
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Sensor Data & Spatial-temporal Domain - a 
Standardization Issue?

McKee (2011)
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Model-based Control Overview
Integration of Sensor Data in MBC
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Model-based Control Overview
Integration of Sensor Data in MBC
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Integration of Sensor Data in MBC
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In order to collect real‐time data of Wood Trucks we need the following data:

• Position

• Truck engine status of the truck (velocity, RPM, weight ..)

• additional attributive data 

• Data collection employing the Sensor Web and standardized OGC Sensor Observation 

Services (SOS):

– Collection of (any) measurement data in a standardized way

– Storage of sensor data in a harmonized data‐structure to:

• Query sensor data

• Parallel sensor requests

• Providing of data in a standardized way (WFS, WMS)
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Approach
(Near) Real-Time Sensor Data Collection
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FOCUS platform solution for the pilot case
(Near) Real-Time Sensor Data Collection
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• Collecting truck position and engine‐status in near real‐time
– Combines vehicle sensor measurements with vehicle location & time using the GNSS 

of a mobile device

– Transmit combined measurements in a standardized way to be used by the FOCUS 
architecture over IP (local app‐caching supports temporary offline status)

– Interoperability support ‐ OGC SOS Transactional Standard 2.0

– Vehicle sensor data collection: 

• Starting Point: Collect sensor data via OBDII/CANbus via Bluetooth (ELM327)

• WWH‐OBD (ISO 27145) standard

– New heavy‐duty vehicles must conform to the requirements of the Euro‐VI 
emissions standard starting in 2014. Thus, vehicle manufacturers are 
obligated to implement a WWH‐OBD capable diagnostic system 

• Sensors of the mobile device and derived indicators 
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Collecting truck position and engine status information
(Near) Real-Time Sensor Data Collection



• Screenshots of the Android App

– Connect to OBDII/WWH-OBD 

– Use internal sensors of the mobile phone

– Send the collected data via IP to the OGC SOS Server live (or stores the data if no 

Internet connection is available and sends data as bulk message)
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Mobile Phone App :: Collecting Data
(Near) Real-Time Sensor Data Collection



• Screenshots of the Android App

– Connect to OBDII/WWH-OBD 

– Use internal sensors of the mobile phone

– Send the collected data via IP to the OGC SOS Server live (or stores the data if no 

Internet connection is available and sends data as bulk message)
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Mobile Phone App :: Collecting Data
(Near) Real-Time Sensor Data Collection



• The SOS has defined semantics for describing, storing and querying spatio‐temporal 

measurements
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OGC SOS Service 2.0 – with defined semantics
(Near) Real-Time Sensor Data Collection



• The SOS has defined semantics for describing, storing and querying spatio‐temporal 

measurements

• SOS uses XML encoding for transmitting and and retrieval of sensor data
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OGC SOS Service 2.0 – with defined semantics
(Near) Real-Time Sensor Data Collection



• Geographic Information Systems (GIS) are tools to visualize, manipulate and 

manage spatio-temporal data – either web-based or desktop-based.

• OGC Sensor Observation Services can be 

seamlessly integrated in GIS (desktop and 

web-based GIS via standardized services)
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Visualization with a GIS
(Near) Real-Time Sensor Data Collection



• Monitoring of the FSC actors in near real-time with a sensor cloud in the course of the 
FOCUS FP7 research project (Advances in Forestry Control and Automation Systems in 
Europe)
– Due to the high number of different sensor and system vendors, a multitude of 

proprietary formats/systems is available – which can hardly be linked in real time. 
• Open Geospatial Consortium (and ISO) provides open standards to describe and transmit 

sensor measurements (with respect to spatial and temporal domain) including open-source 
reference implementations

>> OGC Sensor Web Enablement Initiative

• To connect with vehicle sensors, standards (OBDII and WWH-OBD) are used which are 
amended with spatial and temporal data.

• Vehicle data can be visualized with Geographical Information Systems – desktop or web-
based – both by utilizing standards (OGC SOS, OGC WMS, …).
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Summary & Future Work 
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