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5.2
Use Case Analysis
The Annex A introduces several use cases for abstraction and semantics to identify key functionalities and potential requirements. The following table summarizes key functionalities and potential requirements for all use cases described in the Annex.  

Table 1 Use Cases Analysis
	
	Name
	Key functionalities
	Potential requirements

	…
	
	
	

	8
	Intelligent Indoor Air Cleaning Use Case
	Semantic mash-up

Device control
	· The M2M System shall provide the capability of mashing up virtual device with existing devices, and applying pre-defined service logic to calculate desired results.
· The M2M System shall provide the capability of mashing up the information of existing entities to provide new information based on requirement.
· The M2M System shall provide the capability of monitoring the change of certain attribute, and automatically offering corresponding functions when semantic regulations about that attribute is matched. 
· The M2M System shall provide the capability of generating device-control messages based on ontology and semantic annotations.


******************end of change 1 ****************************

******************start of change 2 ****************************

A.8 Intelligent Indoor Air Cleaning Use Case
A.8.1
Description

In the newly decorated house, building materials and furniture may release volatile organic compounds (VOC) such as CH2O, which is harmful to health. Thus, people usually spend several months to ventilate the house after decoration in order to reduce the VOC level. However, the volatilization rate of VOC decreases significantly with the drop of temperature and humidity indoors. In winter, it is not efficient to reduce the VOC just by opening the windows.

Therefore, an intelligent indoor air cleaning solution based on home automation appliances is proposed as shown in Figure 1. The air cleaning solution is composed of the following appliances: IntelligentAirCleaning APP (locates in smart phone), M2M Service Platform, heating device such as smart air-conditioner, air cleaning device such as smart air cleaner or fresh air system, humidification device such as smart humidifier, and  air quality monitoring device such as air quality housekeeper. 
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Figure 1. Intelligent Indoor Air Cleaning Solution

· IntelligentAirCleaning APP
· Generates query for existing home automation appliances included in the pre-defined intelligent air cleaning solution (such as air cleaning device, air quality monitoring device , heating device, humidification device), and send to M2M Service Platform;
· Allows APP user to define the detailed intelligent air cleaning service based on existing appliances, including functions and the threshold of air quality index (AQI) to start air cleaning service;
· Send the details of user-defined intelligent air cleaning service (such as functions, AQI threshold,  the pre-defined minimum value of temperature and humidity for VOC release) to M2M Service Platform;
· Receives data (such as current AQI) from M2M Service Platform.
· M2M Service Platform
· Select existing appliances according to semantic annotations when receiving query, and returns the information (such as URIs of data and functions) of selected appliances to IntelligentAirCleaning APP;
· Mash-up AQI Calculation Device and Air Cleaning System according to user-defined intelligent air cleaning service by Semantics CSF;
· Calculates AQI with collected air quality data, and pushes to IntelligentAirCleaning APP;
· Monitors the change of AQI, starts air cleaning device when AQI exceeds the user-defined threshold, meanwhile starts heating device and humidification device respectively if the indoor temperature and humidity is below the pre-defined minimum value.
· Air Cleaning Device (such as smart air cleaner or fresh air system)
· Offers air cleaning service according to received command.
· Air Quality Monitoring Device (such as air quality housekeeper)
· Monitors the temperature, humidity, VOC, CO2 and PM 2.5/10 indoors, then reports to the M2M service platform periodically.
· Heating Device (such as smart air-conditioner)
· Offers heating service according to received command, to ensure that the indoor temperature is high enough for the VOC to volatilize in relatively high speed.
· Humidification Device (such as smart humidifier)
· Offers humidification service according to received command, to ensure that the indoor humidity is high enough for the VOC to volatilize in relatively high speed.
Figure 2 shows the ontology model for Intelligent Indoor Air Cleaning Solution.
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Figure 2. Ontology Model for Intelligent Indoor Air Cleaning Solution

The service mapping relationships between virtual devices and home automation appliances is shown in figure 3.
· AQI Calculation Device
· Takes the data of abstract device VOC/CO2/PM2.5/PM10 Sensors as inputs, calculates the AQI value with given service logic (e.g., calculating the average value).
· Air Cleaning System
· AirCleaning Service: takes AQI as input, calls the functions of abstract device AirCleaning when AQI exceeds the threshold;
· Humid. Control Service: takes AQI and data of abstract device Humid. Sensor as inputs, calls the function of abstract device Humidification when AQI exceeds the threshold and the humidity is below the minimum value;
· Temp. Control Service: takes AQI and data of abstract device Temp. Sensor as inputs, calls the function of abstract device Heating when AQI exceeds the threshold and the temperature is below the minimum value.
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Figure 3. Service Mapping Relationships
A.8.2
Source

Haier (CCSA)
Huawei (CCSA)
A.8.3
 Actors

· Home Automation APP
· M2M Service Platform
· Air Cleaning Device (such as smart air cleaner or fresh air system)
· Air Quality Monitoring Device (such as air quality housekeeper)
· Heating Device (such as smart air-conditioner)
· Humidification Device (such as smart humidifier)
A.8.4
Pre-conditions 

The M2M Service Platform contains all the necessary information to manage the whole home automation appliances of the user if it is allowed. It contains a Semantics CSF to support semantic functions such as mash-up and reasoning.
The IntelligentAirCleaning APP can generate query to retrieve the appliance information from M2M Service Platform.

The home automation appliances can interact with the M2M Service Platform which can execute the appliance control command and send back the appliance status.
A.8.5
Triggers
None
A.8.6
Normal Flow

Figure 4 displays the flow diagram of Intelligent Indoor Air Cleaning Solution.
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Figure 4. High Level Flow Diagram of Intelligent Indoor Air Cleaning Solution
· Step 0: Create the ontology model and profile for the types of mentioned home automation appliances in advance.

· Step 1: The M2M System takes the procedure of bootstrapping and initialization
· Step 2: All nodes register physical/virtual entity-related resources to both local ASN-CSEs and ontology repository in M2M Service Platform respectively.

· Step 3: The IntelligentAirCleaning APP generates queries for existing home automation appliances based on the pre-defined intelligent air cleaning solution (e.g. gets air cleaning devices, gets air quality monitor devices, gets heating devices, gets humidification devices), and send to M2M Service Platform.
· Step 4: The Semantic CSF of M2M Service Platform obtains the required abstract/virtual devices, and returns the information (such as URIs of data and functions) of obtained devices to IntelligentAirCleaning APP.
· Step 5: The APP user defines the detailed intelligent air cleaning service based on existing appliances, including functions and the AQI threshold to start air cleaning service.
· Step 6: The IntelligentAirCleaning APP sends the details of user-defined intelligent air cleaning service (such as functions, AQI threshold, the pre-defined minimum value of temperature and humidity for VOC release) to M2M Service Platform.
· Step 7: The Semantic CSF of M2M Service Platform mash-up AQI Calculation Device and Air Cleaning System according to user-defined intelligent air cleaning service.
· Step 8: The virtual devices of AQI Calculation Device and Air Cleaning System offer intelligent air cleaning service for APP users. For example, it periodically calculates AQI and reports to IntelligentAirCleaning APP; it starts air cleaning service (locates in the smart air cleaner) when AQI exceeds the threshold; it starts heating service (locates in the smart air-conditioner) when the temperature is below the minimum value for VOC release; it starts the humidification service (locates in the smart humidifier) when the humidity is below the minimum value for VOC release.
A.8.7
Post-conditions
None

A.8.8
High Level Illustration
See Figure 1 and Figure 3 in A.8.1
A.8.9
Potential requirements
· The M2M System shall provide the capability of mashing up virtual device with existing devices, and applying pre-defined service logic to calculate desired results. 
· The M2M System shall provide the capability of mashing up the information of existing entities to provide new information based on requirement.
· The M2M System shall provide the capability of monitoring the change of certain attribute, and automatically offering corresponding functions when semantic regulations about that attribute is matched.
· The M2M System shall provide the capability of generating device-control messages based on ontology and semantic annotations.
******************end of change 2 ****************************
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