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I. SWoT generator Cilutionsy

Please do not forget to cite our SWoT generator work:

e Assisting 10T Projects and Developers in Designing Interoperable Semantic Web of Things
Applications. The 8th IEEE International Conference on Internet of Things (iThings 2015), 11-13
December 2015, Sydney, Australia. Amelie Gyrard, Christian Bonnet, Karima Boudaoud, Martin
Serrano

e Cross-Domain Internet of Things Application Development: M3 Framework and Evaluation
3rd International Conference on Future Internet of Things and Cloud (FiCloud 2015), 24-26
August 2015, Rome, Italy. Amelie Gyrard, Soumya Kanti Datta, Christian Bonnet, Karima
Boudaoud

e Standardizing Generic Cross-Domain Applications in Internet of Things. Third Workshop on
Telecommunications Standards, Part of IEEE Globecom 2014, Austin, TX, USA, 8-12 December
2014. Amelie Gyrard, Soumya Kanti Datta, Christian Bonnet and Karima Boudaoud

II. SWoT generator Architecture

SWoT
- Execute
Design SWo Web services or
gn > . ___SPARQLquery __Generator | o Rules
pplication? user interface Y, ;
A emplate dataset: /. -
Provide | Sensor / interoperable
VI ! / |
| /
Q sensor & domain ! - Domain y = ————2
\ \ - Domain ontologies URL ’.use’
Generate SWoT template: B io e B W \ 1
- Ontology Get - Rules UR \|  interoperable
loT - Domain ontologies  swoT template,~SPARQL URL N ‘
developer - Dolma|(n datasets) ~~ " _SPARQL variables Ontologies
- Rules (converter

- Rules (reasoning)
- M3 SPARQL query

Figure 1. SWoT generator Architecture

III. Usingthe HTML User interface

The main purpose of the template generated is to interpret loT data to provide suggestions.

=>» Go to this web page: http://www.sensormeasurement.appspot.com/?p=m3api (see Figure
2)

Choose a sensor (e.g., Precipitation)

Choose a domain (e.g., Weather)

Click on the button “Search loT application template”

The drop-down list in STEP 2 is not empty anymore

Choose a template (e.g., Precipitation, Transportation and Safety devices)

v VY


http://www.sensormeasurement.appspot.com/?p=m3api

=>» Click on the button “Generate zip file”
=> Azip file has been generated with interoperable M3 and domain ontologies, rules and
datasets (Figure 3).

Generate loT applications to reason on sensor data
STEP 1: Search loT Application Template

1. Choose a sensor (e.g., Light/llluminance Sensor) Precipitation Sensor, Pluviom{x]

2. Choose the domain where is deployed your sensor (e.g., Weather) Weather Forecasting, Metero|=]

3. [ search IoT Application Template |

STEP 2: Choose loT Application Template

o Choose an app"ca‘tion temp|ate: Precipitation, Transportation and Safety D|Z|
Snow, Transportation and safety devices

STEP 3: Download IOT al gnow_ Tourism and Garment

IaT application to suggest safety devices according to the precipitation (e.g., rainy ->

F
X low beam)
® | Generate zip file F
Precipitation, Transportation and Safety Device

Figure 2. Generating Semantic Web of Things templates

-
Cih\Users\gyrard\Downloads\M3IcTApplicationTemplate(2).zip' |

File Edit View Favorites Tools Help

g = <7 wp w XK i

Add  Extract Test Copy Move Delete Info

¥ = Chlsers\gyrard\Downloads\M3IeTApplicationTemplate(2).ziph

Name Size Pack.. Modified Coo | B [ Aeee | B | € CRC || Me.. | Heeo [ fea | Fece | Feee
| iLinkedOpenRulesWeather.tt | 25573 25573 2014-11-0517:55 - T941CE36 Store FAT 10
=] m3.owl 127690 127690 2014-11-0517:55 - D4EE2765 Store FAT 10
¥ m3SparglGeneric.spargl 1452 1452 2014-11-0517:55 - 99064D... Store FAT 10
| ruleM3Converter.bedt 7959 7959 2014-11-0517:55 - C9A079... Store FAT 10
\Z| transport-dataset.rdf 10908 10908 2014-11-0517:55 - A7T4DBA.. Store FAT 10
& transport.owl 10978 10978 2014-11-0517:55 - 2BB0AA.. Store FAT 10
2| weather-dataset.rdf 21732 21732 2014-11-0517:55 - AS00BC.. Store FAT 10
=] weather.owl 4 463 4463 2014-11-0517:55 - EAAAF.. Store FAT 10

Figure 3. Zip file generated with domain knowledge for interpreting sensor data



IV. Twloriad: Building the natuwropativy
application with the user interface
SWoT generator ond the Jenow
framework

1. Generating the natuwropativy template with the
SWoT generator

e Go on this web page:
http://www.sensormeasurement.appspot.com/?p=m3api

e Choose the sensor ‘Thermometer’ in the drop-down list.

e Choose the domain ‘Healthcare’ in the drop-down list.

e Choose the template ‘Body Temperature, Symptoms and Home Remedies’ in the drop-down
list. In this case, we suggest only one template.

e C(Click on the button ‘Generate ZIP file.’

;;’szi”éiol“.;Semantic Web of Things (SWoT) Generator

Lnj gt

The SWoT generator enables designing SWoT applications to interpret loT data.
STEP 1: Search M3 Template

1. Choose a sensor (e.g., Light/llluminance Sensor) Thermometer E|

2. Choose the domain where is deployed your sensor (e.g., Weather) Healthcare E|

3. [ Search loT Application Template ]

STEP 2: Choose M3 Template

STEP 3: Download M3 template

* | Generate zip file

Figure 4. Download the naturopathy template using the SWoT generator

2. Understanding the naturopatihy template

Open the naturopathy template that you just downloaded. This template is composed of the
following files:



http://www.sensormeasurement.appspot.com/?p=m3api

e ruleM3Converter.txt: a set of rules used to convert sensor data according to our M3

language implemented in the M3 ontology. For instance, we use the term temperature and

not term. An essential basis for the reasoning.
e naturopathy.owl: the naturopathy ontology
e naturopathy-dataset.rdf: the naturopathy dataset

e m3SparqlGeneric.sparql: the SPARQL query to get smarter data or even suggestions.

e Forinstance, get home remedies when you have the fever.

e m3.owl: the M3 ontology essential to describe sensor data in an interoperable manner to

ease the reasoning and the interlinking of domains.

e LinkedOpenRulesHealth.txt: This file is a dataset of interoperable rules to interpret health

measurements. For instance: IF BodyTemperature > 38°C THEN HighFever.
e health.owl: the health ontology. For instance, Symptom is a concept defined in this

ontology.

e health-dataset.rdf: the health dataset. For instance, HighFever is an instance of the

Symptom concept in this dataset.

4 L

C:\Users\gyrard EURECOM\Downloads\M3loTApplicationTemplate(1).zip\ = B e
File Edit View Favorites Tools Help
=
e T
Add  Extract Test Copy Move Delete Info
“\Usershgyrard, ownloads o icationTemplate(1) zi
T [ c\Users\gyrard EURECOM\Downloads\M3Io T ApplicationTemplate(l).zip\
Mame Size Pack.. Modified C.. | A E. CRC | Me... | H... | [...
[ fruleM3Convertertet | 7958 7958 2015-03-2612:00 C3A079... Store FAT 10
|| naturopathy.owl 19207 19207 2015-03-2612:00 AB4914.. Store FAT 10
|| naturopathy-dataset.rdf 111362 111362 2015-03-2612:00 17F3C786  Store FAT 10
= m35parglGeneric.spargl 1452 1452 2015-03-2612:00 99D640.. Store FAT 10
| m3.owl 134873 134873 2015-03-2612:00 3047995 Store FAT 10
|| LinkedOpenRulesHealth txt 13840 13840 2015-03-2612:00 06320E35 Store FAT 10
|| health.owl 1147 1147 2015-03-2612:00 E5T6190B Stere FAT 10
|| health-dataset.rdf 464 5464 2015-03-2612:00 24DB09... Store FAT 10

0 object(s) selected

Figure 5. The naturopathy template

3. Getting the sensor datuset already covwerted

withv M3

e Download the sensor dataset:

http://www.sensormeasurement.appspot.com/dataset/sensor data/senml m3 health dat

a.rdf

To begin with, try with the sensor dataset that we have already converted according to the M3

ontology. In the extract below, you have the measurement ‘temperature 38°C’, a new type has been

added ‘BodyTemperature’ which will be used in the reasoning process to infer high-level

abstractions.



http://www.sensormeasurement.appspot.com/dataset/sensor_data/senml_m3_health_data.rdf
http://www.sensormeasurement.appspot.com/dataset/sensor_data/senml_m3_health_data.rdf

.sensormeasurement.appspot.com/ dataset/sensor_data/senml_m3_health_data.rdf}

<rdf:type rdf:resource="http://sensormeasurement appspot.com/m3#BloodPressure”/>
</rdf:Description>
— <rdf:Description rdf:about="http://sensormeasurement appspot.com/m3#urn body uuid:c68ad 78b-09eb-4303-ae3c-d5d2314%ee96">
<m3:produces rdf:resource="http://sensormeasurement appspot.com/m3#Measurement14"/>
<m3:produces rdf:resource="http://sensormeasurement appspot.com/m3#Measurement13"/>
<m3:produces rdf:resource="http://sensormeasurement appspot.com/m3#Measurement12"/>
<m3:produces rdf:resource="http://sensormeasurement appspot.com/m3#Measurement11"/=
<m3:observes rdf:resource="http://sensormeasurement appspot.com/m3#health"/=
<m3:produces rdf:resource="http://sensormeasurement appspot.com/m3#Measurement10"/>
<rdf:type rdf:resource="http://sensormeasurement appspot.com/m3#Sensor"/>
</rdf:Description>
—<rdf:Description rdf:about="http://sensormeasurement appspot.com/m3#Measurement14">
<m3:hasUnit rdf:datatype="http.//www w3 org/ 2001/ XML Schema#string">Cel</m3:hasUnit>
<m3:hasDateTimeValue rdf:datatype="http://www w3 org/2001/ XML Schema#date Tune"=1.374069830362E12</m3:hasDateTimeValue=
<m3:hasValue rdf:datatype="http://'www.w3 org/2001 XML Schema#decimal ">38 7</m3:hasValue>
<m3:hasName rdf:datatype="http://www w3.org/ 2001/ XML Schema#string ">temperature</m3:hasName>
<rdf:type rdf:resource="http://sensormeasurement appspot.com/m3#Measurement”/>

<rdf:type rdf:resource="http://sensormeasurement appspot.com/m3#BodyTemperature"/>
</rdf:Description>

Figure 6. Extract of the sensor dataset

4. Be famiiow witivthe Jena framework

Jena tutorial if you are not familiar with this framework: https://jena.apache.org/

5. Loading the sensor datoset inv yowr Javaw
application with the Jena frameworks

Java code example:

public static final String HEALTH M3 SENSOR DATA WAR =

2 "./dataset/sensor data/senml m3 health data.rdf";
4 Model model = ModelFactory.createDefaultModel ()
5 ReadFile.enrichJenaModelOntologyDataset (model, HEALTH M3 SENSOR DATA WAR);

//check that the model is not empty, that the sensor data is loaded
Model .write (System.out);

oo

(L)

Figure 7.Load the Sensor dataset with Jena

a. ReadFile Java Class:

Java code example:

10



1 f\k‘k
2 * Read ontologies or RDF dataset,
3 * included directly from the file (a path) and add it to the jena model
4 * @param model
5 * @param file
6 ®/
7 public static woid enrichJenaModelOntologyDataset (Model model, String file) |
8 try {
g InputStream in = new FileInputStream(file);
10 model .read( in, file );//file:"+
11 in.close():;
12 } catch (IOException e) {
13 // TODO Ruto-generated catch block
14 e.printStackTrace();
15 }
16 }

Figure 8.Load a file (ontology or RDF dataset) in the Jena model

6. Loading the ontologies aond datosety inv your
Jovaw application with the Jena framework

// load m3.owl

ReadFile.enrichJenaModelOntologyDataset(model, ROOT_OWL_WAR + "m3");

// load naturopathy.owl

ReadFile.enrichJenaModelOntologyDataset(model, NATUROPATHY_ONTOLOGY_PATH);

// load naturopathy-dataset.rdf

ReadFile.enrichJenaModelOntologyDataset(model, NATUROPATHY_DATASET_PATH);

// load health.owl

ReadFile.enrichJenaModelOntologyDataset(model, HEALTH_ONTOLOGY_PATH);

// load health-dataset.rdf

ReadFile.enrichJenaModelOntologyDataset(model, HEALTH_DATASET_PATH);

11



7. Loading the rules ond execute the Jena
reasoner

// load LinkedOpenRulesHealth.txt

//reasoner for jena rules
// the reasoner will infer new triples
// and high level abstraction from sensor data

// read rules
Reasoner reasoner = new GenericRuleReasoner (Rule.rulesFromURL (PATH + LinkedOpenRulesHealth.txt)):

o s ST 3 Y N S R %

//for android use Rule.parseRule
reasoner.setDerivationLogging (true);

o oo

11 //apply the reasoner

12 InfModel inf = ModelFactory.createInfModel (reasoner, model);
13 return inf;

14 1}

Figure 9.Load rules and execute the Jena reasoner

8. Modifying the SPARQL query

Java code example to modify the SPARQL query with variables:

//variable in the spargl query
ArrayList<VariableSpargl> var = new RArrayList<vVariableSparal>();
var.add (new VariableSpargl ("inferTypeUri", Var.N5_M3 + "BodyTemperature", false));

[N 7 B S B

// we look for BodyTemperature Measuremsnts

Figure 10.Modify variables in the SPARQL query

In this example, we are looking for BodyTemperature measurements in the dataset.

VariableSparql Java Class:

12



1 /’k’k

2 * To change the values of some variables in spargl queries

3 %/

4 public class VariableSpargl {

6 private String wariableName;

7 private String value;

8 private boolean isLiterral;

S public String getVariableName () { return variableName; }

10 public VariableSpargl (String variableName, String walue, boolean isLiterral) {
11 super();

12 this.variableName = variableName;

13 this.value = value;

14 this.isLiterral = isLiterral;

15 }

16 public void setVariableName (String wvariableName) { this.variableName = variableName;
17 public string getvalue() { return value; }

18 public void setValue (String wvalue) { this.value = wvalue; }

1% public boolean isLiterral() { return isLiterral; }

20 public void setliterral (boolean isLiterral) { this.isLiterral = isLiterral; }
21}

}

Figure 11. The VariableSparql Java Class example

9. Executingthe SPARQL query witiv Jena

// load m3SparqlGeneric.sparqgl

String resultSparglsenml = regSenml.getSelectResulths¥ML (var):
// you should get high level abstractions in XML.

Ld S

1 ExecuteSparglGeneric regSenml = new ExecuteSparglGeneric(inf, sparglQuery):

Figure 12. Execute the SPARQL query example

ExecuteSparqlGeneric Java class

1  public String getSelectResultAsXML (ArraylList<VariableSpargl> wvar) {

o

//get result from spargl reguest

4 ResultSet results = ge.execSelect() -

5 String res = "No results";

5 res = ResultSetFormatter.asXMLString (results);
8 ge.close() s

G return res;

gueryExecution ge = replaceVariableInRequest (this.model, this.guery, var);

Figure 13. Get the result of the SPARQL query, more precisely the high level abstractions
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ExecuteSparqglGeneric Java class

public Model model;
public Query query;

public ExecuteSparglGeneric (Model model, String sparglRequest) {
super () ;
this.model = model;

K TR, TS ST )

@

//load the spargl guery
this.guery = QueryFactory.create(ReadFile.readContentFile (sparglRequest)):

[
5
-

public static QueryExecution replaceVariableInRequest (Model model, Query query, ArrayList<VariableSpargl> var) {
QueryExecution ge = null;
RDFNode node = null;
QuerySolutionMap initialBinding = new QuerySclutionMap():
//replace spargl request by variables
17 if (var!=null){

[
T T BT SO SO )

18 for (VariableSpargl wvariableSpargl : var) {

19 if (variableSpargl.isLiterral()){

20 node = model.createliteral (variableSpargl.getValue());
21 }

22 elsed

23 node = model.getResource (variableSpargl.getvValue()):

24 //System.out.println("node: " + node);

25 }

26 initialBinding.add(variableSpargl.getVariableName (), node):
27 i

28 ge = QueryExecutionFactory.create (query, model, initialBinding):

gqe = QueryExecutionFactory.create (query, model);

return ge;

Figure 14. ExecuteSparqlGeneric Java class example

10. Checking that the naturobativy application
works

You should have the results in xml, if it not empty it works!

Congratulations!

You can then design your own applications, and display the result in a user interface.

14



Suggesting home remedies according to body temperature

. This scenario is based on these M3 RDF health data
. M2M Aggregation Gateway (Convert Health Measurements into Semantic Data): | Convert health measurements
. We deduce that the temperature corresponds to the body temperature.

. We deduce that the person is sick.

. We propose all fruits/vegetables according to this disease.

. M2M Application: Temperature => Cold => Food: (Wait 10 seconds!)

O O bk W N =

¢ Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Pepper mint
e Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Thyme

o Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Cinnamon

e Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Honey

* Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Ginger

o Name=temperature, Value = 38.7, Unit=Cel, InferType = Body Temperature, Deduce = HighFever, Suggest= Lemon

Figure 15. Suggestions provided by the SPARQL query from the template

V. Generating LoT templates withv M3
wser interfoce or welr services

1.M3 User interface

You can use the user interface: http://www.sensormeasurement.appspot.com/?p=m3api

See user guide: www.sensormeasurement.appspot.com/documentation/UserGuide.pdf

15



STEP 1: Search loT Application Template

M3 ontology
- sensor + domain

2. Choose the domain where is deployed your sensor (e.g., Weather) Weather Forecasting x] @

1. Choose a sensor (e.g., Light/llluminance Sensor) Light/luminance Sensor  [v] e

3. [ Search IoT Application Template |

STEP 2: Choose loT Application Template

¢ Choose an application template: Weather Luminosity and Emotion E

Weather Luminosity and Emotion iot licati
. Weather, Tourism and clothes @ 10T application
STEP 3 Download IOT a[ Weather, Tourism and activities template dataset
‘Weather, Transportation and Safety Device

® | Generate zip file
[
] @C:\Users\gyrard‘\Downloads\M3IoTApplicationTemplate(IU],zip\
Name Size
|_|LinkedOpenRulesWeather.tt | 24 549
& m3.owl aA49 M3 interoperable domain knowledge
| m3SparglGeneric.spargl 1459 .
[2) transport-dataset.df 10513 (ontologies, rules and datasets)
= transport.owl 109 996
|2 | weather-dataset.rdf 21419
= | weather.owl 21419

Figure 16. Generating M3 templates using M3 user interface

Be careful, the SPARQL query generated does not have SPARQL variables
replaced.

Due to technical issues with Google Web Toolkit (cannot write in a file), please
use the M3 web service to generate the SPARQL query with variables replaced.

If you are familiar with SPARQL, you can replace variables yourself.

2.M3 WebrService: looking for IoT applicatiow
template

Web service URL:

http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor&do

main=Weather&format=json

Description: You are looking for loT application templates with the following parameters:

e sensorName=LightSensor
The parameter sensorName is the name of the sensor.
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http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor&domain=Weather&format=json
http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor&domain=Weather&format=json

e If you want to indicate another sensorName, see:
http://www.sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf

e domain=Weather
The parameter domain is where is deployed your sensor.

e If you want to indicate another domain, see:
http://www.sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf

e format=json
The parameter format can be json or xml

Results:

www.sensormeasurement.appspot.com,/m3/searchTemplate/?sensorMame=Light5ensor8domain=\Weather&format=json

{
* head: {
T vars: |
"mZmappli”,
"mZmdevice™,
"mZmapplilabel”,
"mZmapplicomment”
1
I
v results: {
* bindings: [
"
* m2mappli: {

type: "uri”,
value: http://sensormeasurement.appspot. Cc:m.-"mSlWeather'IransgcrtaticnsafetEDeviceLight I
T

* m?mdevice: |
type: "uri",
value: http://sensormeasurement.appspot.com/m3#LightSensor

ioTappli parameter

I
* m?mapplilabel: {
type: "literal",
"xml:lang": "en",
value: "Luminosity, Transportation and Safety Device"
Te
* m2mapplicomment: {
type: "literal”,
"xml:lang": "en",
value: "IoT application to suggest safety devices according to the luminosity (e.g., sunny —» sun visor)"

Figure 17. Looking for the M3 templates

3.M3 Web-Service: generating IoT applicatior
template

Web service URL:

http://sensormeasurement.appspot.com/m3/generateTemplate/?iotAppli=WeatherTransportationS
afetyDevicelLight

Description: To generate the domain knowledge needed to build the IoT application template:

e ioTappli=WeatherTransportationSafetyDevicelight
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http://www.sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf
http://www.sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf
http://sensormeasurement.appspot.com/m3/generateTemplate/?iotAppli=WeatherTransportationSafetyDevice
http://sensormeasurement.appspot.com/m3/generateTemplate/?iotAppli=WeatherTransportationSafetyDevice

e The parameter ioTappli is the end of the m2mappli URI that you can find in the result provided
by the previous web service
(http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor

&domain=Weather&format=json)

Results:

http://sensormeasurement.appspot.com/ont/m3/transport#@http://sensormeasure
ment.appspot.com/RULES/LinkedOpenRullesWeather.txt@http://sensormeasurement.
appspot.com/SPARQL/m3SparqglGeneric.spargl@http://sensormeasurement.appspot.
com/dataset/transport-
dataset/@http://sensormeasurement.appspot.com/dataset/weather-
dataset/@http://sensormeasurement.appspot.com/ont/m3/weather#@http://sensor
measurement.appspot.com/m3#@

All URI files generated as separated by @.
URI finishing with # are ontologies

URI finishing with / are datasets

URI finishing with .txt are rules

URI finishing with .spargl are SPARQL queries to query data (to ignore because of google app engine
wa cannot automatically generate/write a new file)

To get the SPARQL query ask the web service:

http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSaf

etyDevicelight (see next section)

4.M3 WelrSexrvice: generating the SPARQL query
with vawiables replaced

http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSaf
etyDevicelight

Generate the generic sparqgl query with variables replaced

Results:
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http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor&domain=Weather&format=json
http://www.sensormeasurement.appspot.com/m3/searchTemplate/?sensorName=LightSensor&domain=Weather&format=json
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/ont/m3/transport%23@http://sensormeasurement.appspot.com/RULES/LinkedOpenRulesWeather.txt@http://sensormeasurement.appspot.com/SPARQL/m3SparqlGeneric.sparql@http://sensormeasurement.appspot.com/dataset/transport-dataset/@http://sensormeasurement.appspot.com/dataset/weather-
http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSafetyDeviceLight
http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSafetyDeviceLight
http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSafetyDeviceLight
http://sensormeasurement.appspot.com/m3/getSparqlQuery/?iotAppli=WeatherTransportationSafetyDeviceLight

sensormeasurement.appspot.com

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema$>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns§>
PREFIX m <http://sensormeasurement.appsSpot.com/m3$>
PREFIX dc: <http://purl.org/dc/elements/1.1/>

SELECT DISTINCT 2name 2value ?unit ?inferType 2deduce 2suggest 2suggest_comment WHERE{
measurement m3:hasName Zname. -
measurement n3:hasValue 2value.
measurement m3:hasDateTimeValue ?time.
measurement m3:hasUnit 2unit.

?measurement rdf:type <http://sensormeasurement.appspot.com/m3#WeatherLuminosity>.
OFTIONAL { <http://sSensormeasurement.appspot.com/m3fWeatherluminosicy> rdfs:label ?inferType.

FILTER (LANGMATCHES (LANG (?inferType),

OPTIONAL {
?measurement rdf:type ?deduceUri
PdeduceUri rdfs:label ?deduce.
FILTER (LANGMATCHES (LANG (?deduce), "en")
FILTER (str(?deduceUri) != str(m3:Measurement)
FILIER (str(?deduceUri) != str(<http://sensormeasurement.appspot.com/m3#WeatherLuminosity>)

OPTIONAL{
{?deduceUri m3:hasRecommendation ?resUri
UNION{?resUri m3:hasRecommendation ?deduceUri

# used by home temp and noise scenario

scenario
?resUri rdfs:label 2suggest.
FILTER (LANGMATCHES [LANG (2suggest), "en"))
OPTIONAL{
2resUri dcidescription 2suggest_comment.
FILTER (LANGMATCHES (LANG (2suggest_comment), "en")})

?resUri rdf:type <http://sensormeasurement.appspot.com/ont/m3/transport#S5afetyDevices.

Figure 18. Generating the M3 SPARQL query
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String URL M3 API = "http://www.sensormeasurement.appspot.com/m3/";

// STEP 1: Searching the M3 template fitting your needs

String m3 sensor = "LightSensor™;

// paramameter sensorName according to the M3 nomenclature

String m3 domain = "Weather™;

// paramameter domain according to the M3 nomenclature

String format = "xml"™; // or json

String search M3 template = queryWebService (URL M3 API + "searchTemplate/?" +
"sensorName=" + m3 sensor +
"gdomain=" + m3 domain +
"gformat="+ format):;

// STEP 2: Choosing the M3 template
String m3 iotAppli = parse(search M3 template);
// e.g.: = "WeatherTransportationSafetyDeviceLight";

// STEP 3: Generating the M3 template

String m3 template = queryWebService (URL M3 API + "generateTemplate/?" +
"iotAppli="+ m3 iotAppli):;

// paramameter m3 iotAppli found in STEP 2

// STEP 4: Getting M3 ontologies, datasets and rules

String[] url file = parse(m3_ template);

for each url file
String[] url M3 ontology = download(url file):
String[] url M3 dataset = download(url file);
String[] url M3 rule = download(url file);

// STEP 5: Getting the SPARQL Query (with wvariables replaced)
String m3 spargl = queryWebService (URL M3 API + "getSparglQuery/? +
"iotAppli="+ m3 iotAppli):;

Figure 19. Generating M3 templates using M3 web services
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VI. Adding anew SWoT template

Add a new template in the template dataset™:

e M3 is the prefix of the ontology.

e <m3:hasM2MDevice rdf:resource="&ma3;LightSensor"/> means that the template is related
to the light sensor which is already referenced in the M3 ontology

e <m3:hasContext rdf:resource="&m3;Weather"/> means that the template is related to the
weather domain.

e <m3:hasUrlOntology rdf:resource="&weather;"/> the URL of the domain ontology required
to build the Semantic Web of Things (SWoT) application

e <m3:hasUrlDataset rdf:resource="&transport-dataset;"/> the URL of the domain dataset
required to build the Semantic Web of Things (SWoT) application

e <m3:hasUrlSpargl rdf:resource="&spargl;m3SparqlGeneric.sparql"/> The URL of the
SPARQL query

e <m3:hasSparglVariableinferTypeUri rdf:resource="&m3;WeatherLuminosity"/> to replace
variable in generic sparql queries (optionnal)

e <m3:hasSparglVariabletypeRecommendedUri rdf:resource="&transport;SafetyDevice"/> to
replace variable in generic spargl queries (optionnal)

e <m3:hasUrlRule rdf:resource="&lorWeather;"/> the URL of the Linked Open Rules dataset
to get high level abstractions

e <m3:hasUrlRule rdf:resource="&ruleM3Converter;"/>the URL of the rule dataset to
semantically annotate loT data according to the M3 nomenclature and M3 ontology.

<m3:MZMApplication rdf:about="&m3;WeatherTransportationSafetyDevicelight">
<m3:hasContext rdf:resource="&m3;Weather"/>
<m3:hasContext rdf:resource="&m3;Transportation”/>
<rdfs:label xml:lang="en">Luminosity, Transportation and Safety Device</rdfs:label>
<rdfs:comment xzml:lang="en">IoT application to suggest safety devices according to the luminosity
<m3:hasMZMDevice rdf:resource="&m3;LightSensor"/> </rdfs:comment>
<m3:hasUrlOntology rdf:resource="&m3;"/>
<m3:hasUrlOontology rdf:resource="&weather;"/>
<m3:hasUrlDataset rdf:resource="&weather-dataset;"/>
<m3:hasUrlontology rdf:resource="&transport;"/>
<m3:hasUrlDataset rdf:resource="&transport-dataset;"/>
<m3:hasUrlSpargl rdf:resource="&sparql;m3SparqlGeneric.sparql”/>
<m3:hasSparglVariableinferTypeUri rdf:resource="&m3;WeatherLuminosity"/>
<m3:hasSparglVariabletypeRecommendedUri rdf:resource="&transport;SafetyDevice"/>
<m3:hasUrlRule rdf:resource="&lorWeather;"/>
<m3:hasUrlRule rdf:resource="&ruleM3Converter;"/>
</m3:M2MApplication>

Figure 20. A SWoT template

VII. SWoT generator sequence diagromw

TO DO

! www.sensormeasu rement.appspot.com/dataset/iot-application-template-dataset
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SWoT generator
GUI
. Repositories
(HTML & , Query engine , o
JavaScript) API/Web service E 6., SPARQL query engine E.g., iot-application-template-dataset.rdf
@
_Lf:r':‘sa‘;; e query —Execute SPARQL Query—>{ \ 00
P (e.g., getAll*.sparql)
‘ Regult
(e.g., SPARQL result)
< Get template
Figure 21. SWoT generator sequence diagram
User SWoT generator iot application
template dataset

Sensor = Thermometer

+ domain = Health SPARQL = searchloTAppli—
Answer = loTAppli:

1) Body temperature, Symptoms and Home Remedies

Choose loTAppli = 1—» ,
—SPARQL = searchloTAppliTemplate»-

Generate template:
Ontologies
Datasets

Domain rules
Spargl query
<aDownload SWoT template— Rules converter

Figure 22. SWoT generator sequence diagram example

VIII. Iot application template RDF
datuset

A dataset of pre-defined loT application templates.
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4 [ = war
» l=F = €55
4 5 = dataset
» Iz evaluationLog
+ 55 real_dataset
» = sensor_data
» 5 XML_parsing
5 emotion-dataset
5 environment-dataset
5 health-dataset
5 home-dataset
. home-datasety?

5] iot—appIication—template—datasetl

Figure 23. The loT application template dataset

<m3:M2MApplication rdf:about="&m3;WeatherTransportationSafetyDeviceLight">
<m3:hasContext rdf:resource="&m3;Weather"/>
<m3thasContext rdf:resource="&m3;Transportation"/>
<rdfs:label zml:lang="en">Luminosity, Transportation and Safety Device</rdfs:label>
<rdfs:comment xml:lang="en">IoT application to suggest safety devices according to the luminosity
<m3:hasM2MDevice rdf:resource="&m3;LightSensor"/> =>Sensor used </rdfs:comment>
<m3:hasUrlOntology rdf:resource="&m3;"/> =>O0ntology toannotate data
<m3:hasUrlOntology rdf:resource="&weather;"/> => Weather ontology and dataset
<m3:hasUrlDataset rdf:resource="&weather-dataset;"/>
<m3:hasUrlOntology rdf:resource="&transport;"/> => Transport ontology and dataset
<m3:hasUrlDataset rdf:resource="&transport-dataset;"/> => SPARQL query to get suggestions
<m3:hasUrlSparql rdf:resource="&spargl;m3SparglGeneric.sparqgl"”/>
<m3:hasSparglVariableinferTypeUri rdf:resource="&m3;WeatherLuminosity"/>
<m3:hasSparglVariabletypeRecommendedUri rdf:resource="&transport;SafetyDevice"/>
<m3:hasUrlRule rdf:resource="&lorWeather;"/> =>Rules to get high level abstractions
<m3:hasUrlRule rdf:resocurce="&ruleM3Converter;"/>
</m3:M2MApplication>

Figure 24. Instance of template

IX. Understanding M3 welr services

There is also the documentation to use the web services if required?.

Root path web service: http://www.sensormeasurement.appspot.com/

In the package eurecom.web.service, you will find all web services, implemented in Java using the
Jersey3 implementation.

? http://www.sensormeasurement.appspot.com/documentation/M3APIDocumentation.pdf

® https://jersey.java.net/
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M eurecom.web.service All web services names ended
4] ApilsonWS.java by WS in Java class
. 4] LOV4IoTWS java
- [J] M3JsonWS. java
- 40 M3WS, java
. 4J] MaturopathyWs.java
- 4| RestaurantWs.java
- 4] STACWS java
- 4] SWOTWS java
- 4] TourismWS.java
; _@ TransportWs,java

1.M3WS

All web services related to the M3 nomenclature implemented in the ontology.
Support new web services handling both XML and JSON format.
Should replace M3JsonWS and APlJsonWS Java classes:

e To semantically annotate sensor, loT, M2M data (/m3/convert)

e Get all M3 sensors (/m3/subclassOf/sensor). This web service replaced M3JsonWS.

e Get all M3 domains (/m3/subclassOf/featureOfinterest). This web service replaced
M3JsonWS.

e Get all M3 measurement type (/m3/subclassOf/measurement). This web service replaced
M3JsonWS.

All web services related to the SWoT generator*:

e To look for templates (/m3/searchTemplate)
e To get the template (/m3/generateTemplate)
e Toreplace variables in the SPARQL query (/m3/getSparglQuery)

* http://www.sensormeasurement.appspot.com/?p=m3api
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% www.sensormeasurement.appspot.com/Tp=m3apl

=

;'GZ:E"&I; :Semantic Web of Things (SWoT) Generator

i egat

The SWoT generator enables designing SWoT applications to interpret loT data.

STEP 1: Search M3 Template => call web service: (/m3/subclassOf/Sensor)

1. Choose a sensor (e.g., Light/llluminance Sensor)l Wind Direction Sensor 'I
2. Choose the domain where is deployed your sensor (e.g., Weather)l Agriculture, Smart farm 'I

3. | search loT Application Template | => call weh service: (/m3/searchTemplate) => call web service:

(/m3/subclassOf/FeatureOfinterest)
STEP 2: Choose M3 Template

* Choose an application template: E|

STEP 3: Download M3 template
. => call web service: (/m3/generateTemplate)

Figure 25. M3 web services used in the SWOT generator

X. References
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