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1.0 Title
Semantic smart building light control
1.1 Description
The smart building light control use case has been mentioned in the oneM2M use case collection (see [i.29]. section 6.1) from group management aspects. In this contribution, we describe the smart building light control use case from semantic aspects. The light control for one target room is given as an example. 
In the use case, all the smart building appliances are connected with M2M gateway. M2M gateway and Smart building control centre are connected with oneM2M platform.  The light control application sends the semantic query request to the smart building control centre to find the desired appliances.
In the following, we show how the use case could semantically be modelled based on OWL [i.26] ontology. There are two ontologies involved in this use case. One ontology is a basic M2M ontology named ontology A, which is referred by all actors (e.g. oneM2M platform, smart building control centre and light control application).  The other ontology is a specific ontology on light domain named ontology B, which is referred by light control application.  
Note that ontology A and ontology B are compatible ontologies in this use case, which indicates that there exists corresponding relationships between the same concepts (that may corresponding different vocabularies) in ontology A and ontology B. The compatibility can be realized in the ways such  has  

1) Ontology B refers to ontology A and use the vocabularies in ontology A to describe same concepts, or viceversa.
2) There are some triple stores [i.28] to express corresponding relationships (e.g. be equivalent to) between the vocabularies in ontology A and ontology B. Some techniques can be deployed for ontologies mapping
In this use case, the first way is adopted.
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    Fig.1 Class Concepts in ontology A

The class concepts in ontology A for this use case are described in Fig. 1, and the data properties model for class “light” and class “luminosity_sensor” in ontology A are described in Fig. 2. The class concepts in ontology B for this use case are described in Fig. 3. Some basic concepts in ontology B are referred from ontology A. The “brightness_adjustable_light” in ontology B is defined as the “light” which “brightness_adjustable” data property is “true”, i.e. the domain of class “brightness_adjustable_light” is intersection of the domain of class “light” and the domain of the class where “brightness_adjustable” data property is “true”, which is shown in Fig.4.  Similarly, the “led_light” and “fluorescent_light” in ontology B are defined as the “light” which “kind” are “led” and “fluorescent” respectively. 
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Fig. 2 data properties model in ontology A 
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Fig. 3 Class related Concepts in ontology B
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Fig. 4 intersection description for Class “brightness_adjustable_light”
Examples of   instances related to this use case are described in Fig. 5, where “type” means “instance of”. 
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Fig. 5 Example of instances
1.2 Source (as applicable)
China Unicom
1.3 Actors (as applicable)
Light control application (developed by application provider)
Smart building Control centre (operated by smart building service provider)
M2M gateway (operated by M2M service provider)
oneM2M platform  (operated by M2M service provider)
Smart building appliances (installed by smart building service provider)
1.4 Pre-conditions (if any)
· The smart building service provider establishes a business relationship with the M2M service provider so that the Smart building Control centre and Smart building appliances can use M2M gateway and oneM2M platform.
· All smart building appliances are registered in oneM2M platform, and smart building control centre can control smart building appliances via oneM2M platform.
· Ontology A is referenced by all actors, and Ontology B is referenced by light control application.
1.5 Triggers (if any)
· Light control application intends to control the light to adjust the brightness conditions in target room (perhaps when the motion sensor in that room detects that there are people entering that room).
1.6 Normal Flow (as applicable)
1) Since luminosity sensors can sense the brightness conditions of rooms, light control application sends semantic request to smart building control centre to find luminosity sensors in room701.
PREFIX building: <http://example.org /ontologyA.owl#> 
Select ?luminosity_sensor ?brightness
WHERE { building:room701 hasDevice ?luminosity_sensor.

?luminosity_sensor a building: luminosity_sensor. 

?luminosity_sensor building:brightness ?brightness}

	
	

	
	

	
	


2) Smart building Control centre forwards the semantic query requests to oneM2M platform.

3) oneM2M platform returns the URI of target luminosity sensor resources and the associated semantic information.
Given the Search results of requested semantic query
	luminosity_sensor
	brightness

	SensorA
	200

	SensorB
	250


4) Light control application send requests to smart building control centre to create the group of the returned resources and to subscribe the brightness data of created group.

5) Smart building control centre forwards the group management requests and subscription requests to oneM2M platform.

6) The brightness data is notified to light control application.
7) Light control application finds that the brightness is a little lower than desired value,  and intends to adjust the brightness of some lights instead of switching on more lights for power saving.  The Led light is preferred, and the brightness level of led light should be lower than the highest level 5. So light control application  sends semantic query request to smart building control centre to find the target brightness_adjustable light.
PREFIX building: <http://example.org/ontologyA.owl#> 
PREFIX light:< http://example.org /ontologyB.owl#>

Select ?light ?brightness_level
WHERE { building:room701 hasDevice ?light. 

?light a light: brightness_adjustable_light.

?light a light: led_light.
?light building:brightness_level ?brightness_level.

FILTER(?brightness_level < 5)}


	
	

	
	

	
	


8) Smart building Control centre forwards the semantic query requests to oneM2M platform.
9) Although  the instances of “light” (e.g. “lightA” and “lightB”) are semantically annotated based on ontology A which do not explicitly indicate that they are instances of “brightness_adjustable light” and “led_light”, with the help of reasoning, oneM2M platform can still correctly return the URI of target light resources and the associated semantic information.
                        The following two ways can be adopted to support such operation. 
1) Deriving implicit knowledge and changing the semantic annotation information of instances according to the concepts in referenced ontologies
For example, the reasoning function can derive that lightA and lightB are instances of brightness_adjustable light and led_light, and can change the semantic annotation information of lightA and lightB as
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Fig. 6 examples of changed semantic annotation of instances
After changing the semantic annotation information, using the original semantic request can correctly find the target resources.
2) Changing the semantic query request according to the concepts in referenced ontologies.
For example,  according to the knowledges in ontology B, the reasoning function can change the semantic request as 
 PREFIX building: <http://example.org/ontologyA.owl#> 
PREFIX light:< http://example.org /ontologyB.owl#>
PREFIX xsd:  <http://www.w3.org/2001/XMLSchema#>
Select ?light ?brightness_level
WHERE {{ building:room701 hasDevice ?light. 

?light a light: brightness_adjustable_light.

?light a light: led_light.

?light building:brightness_level ?brightness_level.

FILTER(?brightness_level < 5)} 

UNION
{ building:room701 hasDevice ?light. 

?light a building: light.

?light building:brightness_level ?brightness_level.
?light building:brightness_adjustable ?brightness_adjustable.
?light building:kind ?kind.
FILTER(?brightness_level < 5 && regex(?kind,”led”) && ?brightness_adjustable = “true”^^xsd:boolean}}
Using the changed semantic query request can correctly find the target resources.
Given the Search results of requested semantic query 
	light
	brightness_level

	lightA
	2

	lightB
	3


10) Light control application sends requests to smart building control centre to create the group of the returned resources.

11) Smart building control centre forwards the group management requests to oneM2M platform.

12) The Light control application sends the requests to adjust the brightness level of  created light group.
1.7 Post-conditions (if any)
1.8 High Level Illustration (as applicable)
Fig. 7 describes the deployment of all actors in this use case form high level aspects. The smart building appliances are connected with M2M gateways, and M2M gateways are connected with oneM2M platform via underlying network. The Smart building control centre is connected with oneM2M platform, and the light control applications are connected with smart building control centre.
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 Fig. 7 connection relationships of actors
 Potential requirements (as applicable)
· The oneM2M systems shall support the reasoning capability for deriving implicit knowledge from semantically annotated information according to referenced ontologies.
© 2014 oneM2M Partners
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