Transfer sensor data from dataturbine to metacat
(Bug 4757)


Objective
The objective of this document is to describe the design decision to implement the above feature (bug). 

Bug Description
Periodically archive sensor data on the dataturbine server into metacat. Also verify that archived sensor data can be searched and read in Kepler.

REAP Architecture
(https://kepler-project.org/developers/incubation/kepler-engineering-view-for-reap/engineering-view-architecture-and-apis)

REAP engineering view architecture (last modified: 29-AUG-2010)
The portion in Red box shows the architectural scope of this bug.


Accessing data from dataturbine server (use dataturbine actor)
Sensors data archived at dataturbine server can be accessed through an actor “DataTurbine” that has been developed as part of the REAP project. This bug intends to use the DataTurbine actor to access the sensors data.

Nature of data produced by the sensors
The below figure shows the data that is output by one of the port of DataTurbine actor. The data seems to be of an array of records.

Type: an array of records 
(data=float, timestamps=time)

{{data = 1.691, timestamps = 1.2519036E9}, {data = 2.367, timestamps = 1.2519042E9}, 					{data = 3.043, timestamps = 1.2519048E9}, {data = 4.226, timestamps = 1.2519054E9}, {data = 6.762, timestamps = 1.251906E9}, {data = 9.13, timestamps = 1.2519066E9}, {data = 10.9, timestamps = 1.2519072E9}, {data = 13.18, timestamps = 1.2519078E9}, {data = 16.65, timestamps = 1.2519084E9}, {data = 19.43, timestamps = 1.251909E9}, {data = 25.51, timestamps = 1.2519096E9}, {data = 27.37, timestamps = 1.2519102E9}, {data = 26.01, timestamps = 1.2519108E9}, {data = 36.48, timestamps = 1.2519114E9}, {data = 32.09, timestamps = 1.251912E9}, {data = 22.46, timestamps = 1.2519126E9}, {data = 28.03, timestamps = 1.2519132E9}, {data = 50.73, timestamps = 1.2519138E9}, {data = 59.93, timestamps = 1.2519144E9}, {data = 44.23, timestamps = 1.251915E9}, {data = 46.93, timestamps = 1.2519156E9}, {data = 79.34, timestamps = 1.2519162E9}, {data = 81.7, timestamps = 1.2519168E9}, {data = 103.6, timestamps = 1.2519174E9}, {data = 67.94, timestamps = 1.251918E9}, {data = 83.7,  timestamps = 1.2519186E9}, {data = 79.66, timestamps = 1.2519192E9}, {data = 65.31, timestamps = 1.2519198E9}, {data = 81.9, timestamps = 1.2519204E9}, {data = 85.1,  timestamps = 1.251921E9}, {data = 111.9, timestamps = 1.2519216E9}, {data = 136.9, timestamps = 1.2519222E9}, {data = 124.3, timestamps = 1.2519228E9}, {data = 124.7, timestamps = 1.2519234E9}, {data = 73.24, timestamps = 1.251924E9}, {data = 141.4, timestamps = 1.2519246E9}, {data = 157.3, timestamps = 1.2519252E9}, {data = 158.5, timestamps = 1.2519258E9}, {data = 161.7, timestamps = 1.2519264E9}, {data = 158.6, timestamps = 1.251927E9}, {data = 153.0, timestamps = 1.2519276E9}, {data = 131.9, timestamps = 1.2519282E9}, {data = 41.51, timestamps = 1.2519288E9}, {data = 42.18, timestamps = 1.2519294E9}, {data = 24.47, timestamps = 1.25193E9}, {data = 58.39,  timestamps = 1.2519306E9}, {data = 116.4, timestamps = 1.2519312E9}, {data = 83.4, timestamps = 1.2519318E9}, {data = 94.8, timestamps = 1.2519324E9}, {data = 89.4,  timestamps = 1.251933E9}, {data = 62.77, timestamps = 1.2519336E9}, {data = 44.04, timestamps = 1.2519342E9}, {data = 77.96, timestamps = 1.2519348E9}, {data = 68.85, timestamps = 1.2519354E9}, {data = 103.6, timestamps = 1.251936E9}, {data = 57.71, timestamps = 1.2519366E9}, {data = 52.65, timestamps = 1.2519372E9}, {data = 46.24, timestamps = 1.2519378E9}, {data = 47.59, timestamps = 1.2519384E9}, {data = 36.28, timestamps = 1.251939E9}, {data = 41.17, timestamps = 1.2519396E9}, {data = 34.59, timestamps = 1.2519402E9}, {data = 34.09, timestamps = 1.2519408E9}, {data = 28.69, timestamps = 1.2519414E9}, {data = 39.82, timestamps = 1.251942E9}, {data = 29.7,  timestamps = 1.2519426E9}, {data = 27.34, timestamps = 1.2519432E9}, {data = 22.11, timestamps = 1.2519438E9}, {data = 19.91, timestamps = 1.2519444E9}, {data = 16.2, timestamps = 1.251945E9}, {data = 14.17, timestamps = 1.2519456E9}, {data = 11.9,  timestamps = 1.2519462E9}, {data = 8.44, timestamps = 1.2519468E9}, {data = 5.738, timestamps = 1.2519474E9}, {data = 3.375, timestamps = 1.251948E9}, {data = 1.856, timestamps = 1.2519486E9}, {data = 0.844, timestamps = 1.2519492E9}, {data = 0.169, timestamps = 1.2519498E9}}

Associating metadata with sensors data
Metadata includes information necessary to understand and effectively use data, such as documentation of the dataset contents, its context, quality, structure, and accessibility. We want the REAP sensor datasets to be well documented. We also want to describe data in consistent way, so that researchers can search for patterns over time. So, there is need to adopt a metadata standard that meets the need of scientists.

The goal of this bug is to take the above sensor data and to store it into the metacat server. In order to make the above data meaningful to the scientists, we also need to associate the relevant metadata with the above sensor data, for e.g., the sensor id that produced the above data, the sensor layout id to which site layout the sensors belong, as well as some additional relevant information of the sensor, like, the geolocation of the sensor, and temporal information of the sensors data. 



Scenario: 
Data produced by sensors

e.g.; array of records
{
{data = 1.691, timestamps = 1.2519036E9}, 
{data = 2.367, timestamps = 1.2519042E9}, 
…
{data = 0.169, timestamps = 1.2519498E9}
}

dataType: {float, time}

These data are produced by one of the ports of dataTurbine actor, and we need to assign metadata to this data, so that we can know the following:
(1) which sensor produced this data, and to which site does this sensor belong, geolocation, and temporal info about the sensor

Problem: assign metadata to this data

So, we need to associate the below metadata info with the data output by the DataTurbine actor.
Data:- {float, time}

Metadata:- {sensorId, sensorLayoutId, geolocation, temporalInfo}

So, we need the above metadata info to be provided by the dataTurbine actor.


Metadata standards for REAP data
There are many metadata standards that one can use to associate metadata with data. For the REAP project, we have decided to use Ecological Metadata Language (EML) to describe the sensor data. We have also decided to use Sensor Metadata Language (SensorML) to describe the site layouts (please see BUG-4747), http://bugzilla.ecoinformatics.org/show_bug.cgi?id=4747).

The decision to use this dual approach rather than using either only the EML or SensorML to associate metadata with REAP sensor data was used after some preliminary academic study of both these metadata standards. Below, I share my current understanding of SensorML, and what metadata standards we shall use for REAP sensor data. (Note: The below information has been gathered by reading various articles, papers, documents as retrieved from the internet search engines).

What is EML (Ecological Metadata Language)?
· EML is a set of XML Schema documents that allow for the structural expression of metadata necessary to document a typical data set in the ecological sciences. 
· Used extensively by biology community. 
· Capabilities to describe spatio-temporal variables (one of the requirements for REAP sensor data).

What is EML optimized for?
EML is optimized for describing data.

What is EML not optimized for?
EML is not optimized for describing the derivation of data (e.g., sensor networks). EML is deficient for describing sensor data, since few ecologists currently use sensor-derived data.

What is SensorML (Sensor Modeling Language)?
The emerging SensorML is a modeling language for describing resources for sensor management and discovery.

What is SensorML optimized for?
Suited to describing sensor descriptions.

What is SensorML not optimized for?
SensorML does not describe sensor-derived data itself.

What is common to both EML and SensorML?
Both EML and SensorML are XML-based standards and both are extensible. 

In context of REAP, which metadata model shall we adopt?
(i) use only EML: describe both sensor descriptions and sensor data
(ii) use only SensorML: describe both sensor descriptions and sensor data
(iii) use both EML and SensorML
a. SensorML: describe sensor descriptions
b. EML: describe sensor derived data

REAP metadata standards analysis
Both these metadata standards were developed to serve different purposes. As our objective is to associate sensor specific info to sensor derived data, we suggest to use SensorML to describe sensor site layout information (as in BUG 4747), and to use EML to associate relevant sensor info to the sensor data (e.g., associating sensorId, sensorLayoutId, geolocation, temporalInfo, with the set of data produced by a specific sensor). From sensorId/sensorLayoutId we can retrieve the sensor site layout information. Thus, a combination of these two standards can serve our need. 



Storing datasets and EML to metacat
It has been decided to periodically store the sensor data retrieved from dataturbine server to metacat. We need to ensure that the sensor data are stored once. Sensor data are retrieved along with the timestamps reflecting the time at which the data was generated. We can use this timestamp to know the time range for the sensor datasets that is being stored currently. While trying to store the sensor datasets again, we need to exclude the datasets that has already been stored for the previous timestamps. This will avoid the duplication of data for the same sensor. 

Any design decision shall be driven by what the technology allows us to do. In case of metacat, one cannot query the datasets. So, a query to retrieve the range of timestamps for a specific sensor cannot be retrieved by querying the metacat. So, this information shall be stored at a place where we can query for such information. Metacat allows us to query (simple path searches) in EML files. So, we need to include the temporal information about the time range for the datasets that we are storing in the metacat into the associated EML file. We can then later query EML files to retrieve the time range of datasets that has already been stored in the metacat.

<eml>
<sensor id=“xyz”>
	<geolocation>  geolocation of sensor </geolocation>

<temporalInfo>
<start> startDate </start>         
<end>  endDate </end>
</temporalInfo>

<dataSetURL> http://knb.ecoinformatics.org/xyz/1.x </dataSetURL>

</sesnor>
</eml>


The above EML files will be queried with XPath like expressions to retrieve the “end” time for sensors, which show the last time for which the sensor data has been stored in the metacat. On retrieving the sensor data again from the dataTurbine server, only the datasets from the endDate will be stored in the metacat. Also, note that querying for this info, like

/sensorId=“xyz”/temporalInfo/end 

can potentially retrieve multiple results, as many datasets could be stored for the same sensor. So, in this case, we need to retrieve the most current “end” time from the above results to know the previous timestamp for which the sensor data has been stored. Also, we need to do this for each of the sensors for which we want to store the sensor data and EML file into metacat.

for each sensorId in dataTurbine
	for each endTimestamps from EML files for sensor
		retrieve the mostCurrentTimestamp
	end for
	retrieve only those datasets for sensorId that are after mostCurrentTimestamps
	create associated metadataInfo for the above dataSet
end for




Implementation

1. Metadata information and structure for sensor data
Identify the metadata information to be associated with sensor data. Also decide on the specific structure of the metadata tags. Ensure that the structure allows for easy access to relevant information. Also, we assume that the relevant metadata information about sensor data will be provided by the dataturbine server on query.


2. EML generator code
Write a module to generate EML file for the sensor datasets

3. Storing datasets to metacat
Write a module to store datasets and associated metadata (eml) file to metacat

4. extending (3) to do periodic storage of sensor data
Extend  the module in (3) to ensure that sensor data are stored only after the previously timestamped data has been stored.

5. Verifying that archived sensor data can be searched and read in Kepler
Do testing to  check that current (existing) interfaces allow to search and read the stored sensor data in kepler
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