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Abstract. With the proliferation of the Internet of Things and smart devices, content presentation devices and content types are
constantly increasing. By contrast, there is little consideration on selecting the appropriate devices for presenting a particular
content. Therefore, we are considering about a web-based device selection method based on semantic data from the resource
description framework. In our proposed method, we use notifications as examples of content, and a network graph representing
users, content, and devices is arranged in a two-dimensional space by our user-centric force-directed algorithm. By selecting
device nodes near the user node from the placement results, devices are determined to present content. In this study, we introduce
a prototype application that graphically displays the result of device selection and presents a notification to the selected devices.
We verified its operation in experiments.
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Graph transformation

Content-device relationship extraction

I

User-device relationship extraction
based on Service TypeParam

I

Device-device relationship extraction about devices that
have an edge with the user
but do not have an edge with the content

v Force-directed placement

User and content nodes are fixed to (0, 0) and (0, 1)
Other nodes are placed by Fruchterman-Reingold algorithm

v Device selection

Device nodes with distances of less than 1, which is the

distance between the user and content nodes, are selected
T

;
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Figure 1 Web-based force-directed adaptive device selection

algorithm in two-dimensional space.
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Figure 2 Example of device, content, and user status.
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@base <http://example.org/> .
@prefix schema: <https://schema.org/> .
<HAAA>
schema:name "AAA" ;
a schema:Organization .
<#Person>
schema:name “"person" ;
schema:location <#family room> ;
a schema:Person .
<Htv>
schema:location <#family room> ;
schema:serviceType <light> ;
schema:serviceType <sound> ;
<available service> <#AAA> ;
a schema:Thing .
<#smartphone>
schema:location <#bed room> ;
schema:serviceType <light> ;
schema:serviceType <sound> ;
<hub_connect> <#iot-lightl> ;
<hub_connect> <#iot-light2> ;
<available_service> <#AAA> ;
a schema:Thing .
<#iot-lightl>
schema:location <#family_room> ;
schema:serviceType <light> ;
a schema:Thing .
<#iot-light2>
schema:location <#bed room> ;
schema:serviceType <light> ;
a schema:Thing .
<#airconditioner>
schema:location <#family room> ;
schema:serviceType <temperature> ;
<available service> <#AAA> ;
a schema:Thing .
<light> schema:value 1 .
<sound> schema:value 1 .
<temperature> schema:value 0 .

K3 ANERDTurtle X DT AL A, avsry, o
—%—%FKF RDF 7 — ¥

Figure 3 Turtle-based input RDF data of the example situation.

SELECT ?service_device
WHERE {

?service_device
<http://example.org/available_service>
<http://example.org/#AAA>
}

B4 ar7ry T AL 20BGREMET S
SPARQL 7 U
Figure 4 SPARQL query that extracts the relationship between

content and devices.

SELECT ?person_device ?type
WHERE {
<http://example.org/#Person>
schema:location ?location .
?person_device schema:location ?location .
?person_device schema:serviceType ?type .

B 5 =P —LTF NS ZAMOBERNLT A AL
ServiceType % filifti 9% SPARQL 7 =Y
Figure 5 SPARQL query to extract devices and ServiceTypes

from user-device relationships.

(©2022 Information Processing Society of Japan

SELECT ?device_device
WHERE {

?device_device
<http://example.org/hub_connect> <device
URI> .

?device_device
<http://example.org/available service>
<http://example.org/#AAA> .

6 HilkL A HT N A& % SPARQL 7 =
Figure 6 SPARQL query to extract relaying devices.

7  Graph transformation |2 X V#5515 7 5 7
Figure 7 Graph output by graph transformation.
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Figure 8 Results of force-directed placement and device
selection.
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Figure 9 Device and application configuration diagram.
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Figure 10  Screen of notification and device selection application.
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Figure 11 Overview of the prototype system.

[8] IPTVE]: Integrated Broadcast-Broadband System Specification, [13] Urakawa, M. and Fujisawa, H.: Data Structuring for Launching
IPTVFJ STD-0010 Version 2.2(2018). Web Services Triggered by Media Content(2017).

[9] ETSI and EBU: Hybrid Broadcast Broadband TV, European [14] schema.org, https://schema.org/, (Z:ff 2022-08-01).
Telecommunications Standards Institute, European Broadcasting [15] SPARQL 1.1 Query Language,

Union(2018). https://www.w3.0org/TR/2013/REC-sparql11-query-20130321/, (%

[10] ATSC: ATSC Standard: ATSC 3.0 Interactive Content, Advanced H& 2022-08-01).

Television Systems Committee, Washington, DC(2020). [16] Ristoski, P., Rosati, J., Di Noia, T., De Leone, R. and Paulheim, H.:

[11] W3C Web of things, https://www.w3.org/WoT/, (Accessed 2020 RDF2Vec: RDF graph embeddings and their applications,

-08-31). Semantic Web, Vol.10, No.4, pp.721-752(2019).

[12] Urakawa, M., Miyazaki, M., Yamada, L., Fujisawa, H. and [17] flask, https:/flask.palletsprojects.com/, (& 2022-08-01).
Nakagawa, T.: A study about integrating video contents with web [18] Franz, M., Lopes, C. T., Huck, G., Dong, Y., Sumer, O. and Bader,
services based on the RDF, International Journal of Space-Based G. D.: Cytoscape.js: a graph theory library for visualisation and
and Situated Computing, Vol.6, No.2, pp.65-73(2016). analysis, Bioinformatics, Vol.32, No.2, pp.309-311(2015).

(©2022 Information Processing Society of Japan 6



