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A Method to Provide Context from Massive Data Processing
in Context-Aware System
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ABSTRACT

Unlike a single value from a sensor device, a massive data set has characteristics for various processing aspects; input data may be
formed in a different format, the size of input data varies, and the processing time of analyzing input data is not predictable. Therefore,
context aware systems may contain complex modules, and these modules can be implemented and used in different ways. In order to
solve these problems, we propose a method to handle context information from the result of analyzing massive data. The proposed method
considers analysis work as a different type of abstracting context and suggests the way of representing context information. In
experiment, we demonstrate how the context processing engine works properly in a couple of steps with healthcare services.

Keywords : Context Aware System, Context Abstraction, Ontology, Massive Data Processing
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Application
Layer

Context-aware

~Controlling Robot

l Resource Management I

I Device Instances I

l Code Execution I

(" Service processing Engine

Call Robot Service

Health Warning Service

Health Check Service

 Analysis Module Manager

( Generating Service Codes J

( Lifecycle Management |

l Service Management I

[ Resource Allocation Management |

l Service Condition Checking I

l Storage Interface I

Layer  Context Processing Engine — ~Raw data and Context information —
I Communication Interface I
-
SPARQL & C ti Rul
I Q Snverng e I Ontology Collected Data
[Context Information Management]
Raw data
Layer
Fig. 1. Layered Architecture of Context-aware System for Healthcare Services
Table 1. Summary for healthcare service scenario examples
Service Name Input device Input data Service
Call Robot Service e Sensor devices * Button action * Robot moves to the sensor location
. L. e Smart scale ¢ Location ¢ Robot moves to the health checking location and informs
Health Check Service . ..
¢ Wearable watch ¢ Motion recognition to user

Health Warning Service

¢ Computer system e Scale information
for analysis e Activity information

* Robot moves to the user and reports
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Fig. 2. Conceptual Procedure for Context Abstraction from Sensor Devices

Service Processing
Engine Engine
1

1
1
0. Initializing a service node :
1. Checking the service condition 1
1

2. Request context information

6. Retrieving context information

1
7. The checking work done :
8. Generating service execution code \
1
I
1

Context Processing

3) Form as triplet & SPARQL Update
4) Return context information

5-2. If the triplet exists and it is new enough
1) query with a SPARQL form
2) return context information

Application Module

(Subject, Predicate, Object)
4, Lookup as same the triplet as the request

1
1
1
1
1
1
1
3. Validating entities from the request 1
1
1
1
1
5-1. If the triplet is not found or it is aged 1

1

1

1

1

1

1

1

1

: 1) Attempts to the sensor device(Profile-based)
| 2) Collect data and converting(Rules)
1

1

1

1

1

1

I

9. Request for executing service

1

1

1

1

1

1

1

)

1

1

1

1

1
10. Interpreting code
11. Executing the service

Fig. 3. Sequence Diagram for Processing Responsive Collected Data
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Service Processing
Engine

|

0. Initializing a service node
1. Checking the service condition

Context Processing
Engine

2. Request context information

Processing
time elapsed
L
S~—

7. Retrieving context information

3. Validating entities from the request
(Subject, Predicate, Object)
4. Lookup as same the triplet as the request

5-1. If the triplet is not found or it is aged
1) Call Analysis module manager(Profile-based)
2) SPARQL Update(Running state)
3) Return empty result

™~ 6-1. Transmit triplet, module identifier,
and mapping result format

5-2. If the triplet exists and it is new enough

8. The checking work done
9. Generating service execution
code

1) Query with a SPARQL form

2) return context information Processing

time elapsed

Analysis Module
Manager

Application Module

6-1-1) Checking input data

(triplet, module identifier, and
mapping result format)

2) Proceed analysis

3) Mapping result from the analysis
4) SPARQL Update

(through the interface)
5) Module exits

10. Request for executing service

|
|
|
|
|
|
|
|
|
|
|
|
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
11. Interpreting code
12. Executing the service

Fig. 4. Sequence Diagram for Processing Unresponsive Collected Data

Table 2. Service Summary with Context Representation for the Experiments

Service Name Context representation in triplet form

Input device

User action

Call Robot .
Service .

<CallRobotService, isNow, True>
<CallRobotService, isNow, False>

SmartThings multipurpose

Sensor

¢ Manipulate Input device

Health Check | ®
Service .

<HealthCheckService, isNow, True>
<HealthCheckService, isNow, False>

SmartThings motion sensor

e System time

* Moves around the motion
sensor to be recognized in a

specific time range

<HealthWarningState, ResultedAs, Normal>
<HealthWarningState, ResultedAs, Abnormal>

Health Warning | ®
Service .

¢ Samsung Galaxy Gear S2
e System time

e Activity information for a

day life
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Table 3. Summary of Input Devices for Experi

ments

Input device

Specification

Usage example or deployed

SmartThings » Consists of two parts and provide 2 kinds of information | * Door opened/closed
Multipurpose Sensor whether these two parts are put together or not e Used as a button
SmartThings e Similarly works as a general IR(Infrared) sensor, this ¢ Recognizes enter or out for the specific

Motion Sensor

recognizes the movement of objects

location

SmartThings Hub

¢ Hub interconnects the SmartThings devices and transmit
data to the SmartThings server

¢ Gateway for SmartThings sensor devices.
one used

Samsung Galaxy

¢ Wearable watch

e User puts on the devices
e Activity information checking module

Gear S2 * Consists of 3 axis accelerator sensor .
included
Table 4. Features and Input and Output Data for Context Processing Engine
Input/Output Data
Submodules Feature
Input Output
Interfaces for service processing engine | ¢ Three string set as a triplet * Boolean Value
Communication . ¢ Module Identifier .
Interface Interfaces for analysis module manager « Data location index for analysis None (SPARQL update)
Interfaces for users on the webpage * Vuejs based webpage
. ¢ Generated query result for
Query Generator for SPARQL ¢ Triplet
SPARQL & SPARQL

Converting Rules

Rules for converting sensor data

¢ Identifier of sensor device

L. e Mapped result status
¢ Sensing data

Context Information
Manager

Triplet management as instances ¢ The list of context information

Development tools
& Protocol

Context processing engine: Springboot based Java webserver application

Ontology for context information: Marklogic 9
Protocols: RESTful based webservices

Welcome to Context Engine

Filter:
Search query
Subject Predicate Object @
HealthWarmning State ResultedAs Rurining @ Req U est #1
CallRobotService sNow Faise @ Request #3
HealthCheckService isNow True @ Request #2

3 records

Context Engine Log

[Context_Engine] Initializing instances.. Done.

[Context_Engine] Target Ontology: TestRoom.. Done.

[Context_Engine] Vue.js Controller is ON

[Context_Engine] SPARQL Query: SELECT ALL is running background
[Context_Engine_FROM_Service_Exec_Engine] Triplet request #1: <HealthWamingState, ResultedAs, Noi
[Context_Engine] Regquest #1: <HealthWamingState, ResultedAs, EmptyState>

[Context_Engine] Request #1: calls analysis manager

[Context_Engine] Request #1. SPAROL Updates -> <HealthWamingState, ResultedAs, Running>
[Context_Engine_FROM_Service_Exec_Engine] Triplet request #2: <HealthCheckService, IsNow, True>
[Context_Engine] Request #2: <HealthCheckService, isNow, EmptyState>

[Context_Engine] Request #2: attempts to a sensor device: SmartThings_Motion_RegionA
[Context_Engine] Request #2: Sensor dala: True

[Context_Engine] Request #2: SPARQL Updates - <HealthCheckService, isNow, True>
[Context_Engine_FROM_Service_Exec_Engine] Triplet request #3: <CallRobotService, isNow, True>
[Context_Engine] Request #3: <CallRobotService, IsNow, EmptyState>

[Context_Engine] Request #3: attempts to a sensor device: SmartThings_Button_RegionC
[Context_Engine] Request #3: Sensor data: False

[Context_Engine] Request #3: SPAROL Updates -> <CallRobotService, isNow, False>

rmal>

®

®

T

Fig. 5. Webpage for Users to Explore the List and Histories of Context Information
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