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Chapter 11 )
Using Semantic Markup to Boost Creshfx
Context Awareness for Assistive Systems

Claudia Steinberger and Judith Michael

Abstract Considerable effort to manually configure the user’s context and too
coarse-grained activity recognition results often make it difficult to set up and run
an assistive system. This chapter is the result of our experience with the Human
Behavior Monitoring and Support (HBMS) assistive system, which monitors user’s
activities of daily life and supports the user in carrying out these activities based on
his own behavior model. To achieve the required context awareness, we join assistive
systems with the semantic web to (1) simplify the construction of a personalized con-
text model and to (2) improve the system’s activity recognition capabilities. We show
how to semantically describe devices and web applications including their function-
alities and user instructions and how to represent these descriptions in the web. The
advantages of this semantic markup approach for the application of HBMS-System
and beyond are discussed. Moreover, we show how personalized and adaptive HBMS
user clients and the power of the context model of HBMS-System can be used to
bridge an existing activity recognition gap.

Keywords Semantic manual + Behavioral assistance * Assistive system setup *
Application markup - Context model

11.1 Motivation

Assistive systems that monitor user’s behavior and support them in performing activ-
ities based on behavioral patterns can be very useful in helping people who suffer
from any kind of cognitive decline. However, adequate context awareness and a
smooth adaptation of an assistive system to the user’s environment are prerequisites
for its successful installation.
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The demands for context awareness are high when it comes to behavioral assis-
tance. These assistive systems can be seen as cyber-physical systems [13]. Every
system instance owns its own physical user environment, in which the actions and
environmental conditions of the user have to be monitored and supported based on
a context model. To record data on situations in the physical world, human activity
recognition (HAR) systems are used applying location-, wearable- or object-based
sensors or video observation [36]. Assistive systems are not always modular and
interoperable with already available open HAR-Systems. They often implement their
own HAR-System because the capabilities of existing open ones do not meet their
activity recognition requirements.

In any case, the system setup requires adjustment effort for every user in practice,
so that the assistive system can achieve the necessary context awareness. Video
observation is strongly rejected by users and smart devices with built-in sensors are
often not (yet) available in and for houscholds. However, assistive system research
projects hardly report on the effort and problems involved in adapting an assistive
system and its HAR-Systems to an end user’s environment during system setup.

Over the last ten years, the authors have been working on an assistive system
project called HBMS (Human Behavior Monitoring and Support) [28]. HBMS-
System aims to actively support people in their daily activities including also the
use of their preferred web applications. HBMS-System is interoperable with dif-
ferent open HAR-Systems but uses an own internal knowledge base called Human
Cognitive Model (HCM), to define, integrate, and store the user’s context model [36].
This contribution is the result of the experiences gained in setting up HBMS-System
for user’s physical environment, observing and supporting user’s behavior and shows
our solutions to eliminate encountered weaknesses.

An evaluation of HBMS-System revealed in particular the following weaknesses:
(1) In order to provide assistance, information about the user’s resources in the phys-
ical environment like devices or web applications, his or her social and personal
situation, and the spatial environment had to be analyzed and mapped to the HCM,
when setting up the system. Especially for modeling the devices with their function-
alities and user instructions as well as modeling the functionalities and interaction
possibilities with web applications, considerable effort was required. (2) The activity
recognition results of the used HAR-Systems concerning fine-grained user interac-
tions with devices or web applications were not satisfying for the intended behavioral
assistance [40].

In the following, we show the gaps and challenges in the area of context perception
in detail and present an approach to overcome these challenges joining assistive
systems with the semantic web to simplify the construction of user’s context model.

This chapter is structured as follows: Sect. 11.2 presents the context requirements
of assistive systems that aim to provide behavior-based support. Section 11.3 intro-
duces the HBMS-System and HCM as well as our evaluation experiences in more
detail. It works out two research questions: RQ1: How is it possible to support the
setup of personalized context models for assistive systems in order to keep the man-
ual effort as low as possible? RQ2: How is it possible to improve the fine-grained
activity recognition capability of assistive systems to be able to support the user in
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11 Using Semantic Markup to Boost Context ... 229

multiple situations? Section 11.4 deals with related work to answer these research
questions. Section 11.5 presents answers to RQ1 and shows how to semantically
markup devices and web applications and deals with related advantages. Section 11.6
presents answers to RQ2 and shows how the results of Sect. 11.5 can be used for per-
sonalized and adaptive user clients to boost activity recognition results. Section 11.7
summarizes our findings and gives an outlook to identified further research chal-
lenges.

11.2 Context Requirements of Assistive Systems

An assistive system designed to support a person in carrying out activities in the
physical environment must recognize where the user is doing what, how, and by
what means. Therefore, it is necessary that the assistive system has access to a
suitable abstraction of the user’s context: a personalized context model, which can
be used to characterize the user’s situation and his interactions with elements of his
environment.

At ameta-level [30] different but related context types can be identified that influ-
ence the setup process and the ongoing interaction between a user and the assistive
system [20]. The manifestation of these context types must be configured or learned
for every individual user installation during the setup process of the assistive system
[see (1,2) in Fig. 11.1] and stored as his personalized context model. To be able to
assist the user in his activities, he is to be monitored according to his personalized
context model. The support opportunities depend essentially on the quality of this
context knowledge [see (3, 4) in Fig. 11.1]. The following provides a brief overview
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Fig. 11.1 Significance of user’s context for assistive systems
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of the elements of a context model, their configuration effort, and the options for
automatically monitoring user interactions with these elements.

In the real world, a person moves spatially in a certain environment, such as
through rooms in an apartment or a house. The user also has special personal char-
acteristics and abilities that can be valuable for the assistive system (e.g., blood
pressure, motion profile). When setting up an assistive system, it is necessary to
provide the assistive system with a model of the user’s personal and spatial context,
including locations, areas and their connections, and the equipment. Since the spatial
environment of a user rarely changes, it can be described in the form of a floor plan
including also the fixed equipment. Later, during the assistance process, it is relevant
to the assistive system where the person is spatially located and how well the person
is doing. Vital parameters, the position, and the movement of the person can already
be monitored automatically well by HAR-Systems using built-in sensors, wearable
sensors, or video observations.

It becomes more difficult for the assistive system to recognize what activity the
user is performing precisely within his spatial environment. This ability is required
both to learn the typical user behavior and provide fine-grained support if he is unable
to repeat a previous behavior.

The user’s interaction with resources, that make up the equipment of his spatial
contexts, such as devices, applications, items, or furniture, can be used as a basis
for activity recognition. Setting up the assistive system means that it is necessary
to provide a model of the user’s environmental context, including resources with
their interaction possibilities and instructions. As a user can interact with a lot of
different, sometimes complex resources performing his activities, the process of
model construction can become very time-consuming and tedious. This is especially
the case when it comes to model non-smart devices or web applications with all their
user functionalities and related user instructions.

Later, during the assistance process, it is relevant for the assistive system to
recognize what and when interactions between user and resources really take place.
Only smart devices are able to provide information on their current status to the
assistive system via a HAR-System. The interaction with non-smart devices still
causes problems or can hardly be grasped or monitored automatically at all.

In the following, we show how HBMS-System fulfilled these context require-
ments. We present the context meta-model of the HBMS-System, our approach to
set up personal context models in HBMS-System and derive enhancements based on
our experiences regarding configuration effort and activity recognition.

11.3 The HBMS-System and HCM

Over the last ten years, the authors have been working on an assistive system project
called Human Behavior Monitoring and Support (HBMS) [28]. It aims to actively
support people in their daily activities (e.g., morning procedure) including also the
use of their preferred web applications (e.g., e-Banking procedure). Giving support
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11 Using Semantic Markup to Boost Context ... 231

means in HBMS to help people to remember how they once performed a particular
activity by reactivating already existing memory anchors. A memory anchor is a
simple stimulus that influences the state of mind. By providing retrieval cues, it is
easier to remember experienced situations (cued recall) [41]. Thus, HBMS supports
the autonomy of a person with decreasing memory.

In HBMS, this support functionality is based on conceptualizing a person’s
episodic memory, establishing a model of that knowledge, and using that model
for support. As described in Sect. 11.2, human actions take place in a physical envi-
ronment. Therefore, the episodic memory of a person refers to an abstraction of his
or her physical environment and user support affects again the physical environment.
The personal user context is described in HBMS in the form of a suitable context
model, the Human Cognitive Model (HCM), building the core of the HBMS-System
(see Fig. 11.2).

The user’s episodic knowledge (behavior context) as well as information about
user’s environmental resources, social and personal situation, and location is used
and contained in the HCM. Figure 11.3 shows a simplified meta-model of HCM. Par-
ticularly, high demands are placed on the description of the personal environmental
context, including devices, household appliances, and (web) applications used [27].
The HBMS-System was realized as a model centered architecture [24]. A personal-
ized user context model is set up in the HBMS-System in the form of models, each
of which is formed tool-assisted (HCM-L Modeller) with the means of the domain-
specific modeling language HCM-L (Human Cognitive Modeling Language) [23,
25]. Tt preserves knowledge in human-readable as well as in computer-readable rep-
resentation form.

As shown in Fig. 11.2, when setting up the HBMS-System (1) information about
the assisted person and his social context and (2) information about the user’s envi-
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ronment and spatial context have to be added. The HBMS-System can learn the
typical behavior (individual episodic memory) of the person by manual setup or by
observation (3). HBMS-System is interoperable with different open HAR-Systems
[36]. On demand, the HBMS-System uses this knowledge to compensate gaps in the
episodic memory of the supported person by (4) observing the behavior of a person
and (5) providing smart advice and support. Reasoning over the HCM allows the
HBMS-System to predict user actions and to guide him [1].

The first evaluation of HBMS-System revealed in particular the following weak-
nesses:

(1) When setting up the HBMS-System (steps 1 and 2 in Fig. 11.2), the user’s
context has to be modeled manually or taken from the used HAR-System to
build up the user’s personalized context model. Particularly, considerable effort
is needed to model user’s resources and their functionality and handling like
for houschold appliances and other devices [40] and web applications, as this
data is not available via conventionally HAR-Systems. Thus, large parts of user
manuals (instructions on how to operate the resources) have to be captured
manually during system setup (step 2 in Fig. 11.2). This leads us to research
question 1:

e RQI: How is it possible to improve the setup of personalized context models
Jor assistive systems in order to keep the manual effort as low as possible?

(2) The HBMS-System provides interfaces for conventional HAR-Systems to be
able to integrate information about users’ activities from various systems [36].
This activity information is transformed into the personalized context model
(a) during the learning phase (step 3 in Fig. 11.2) to train behavior which should
be supported later on and (b) during the support phase (step 4 in Fig. 11.2), where
ongoing behavior is monitored step-by-step. The activity recognition results of
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the used HAR-Systems concerning fine-grained user interactions with devices
or web applications are not satisfying for the intended behavioral assistance
[40]. For example, to pick the cutlery out of a cupboard and place it on a table
would need several sensors on the cupboard, the cutlery itself and the table to be
able to detect it as fine-grained as needed. It would be possible to reach better
results by using depth cameras and videos, but the private home environment
is too sensitive to use these technologies and end users are hardly willing to
accept such solutions [2]. The need for better recognition of fine-grained user
interactions with environmental resources (steps 3 and 4 in Fig. 11.2) is therefore
still present in HBMS. This leads us to research question 2:

e RQ2: How is it possible to improve the fine-grained activity recognition capa-
bility of assistive systems?

To answer RQ1, we investigated if the semantic markup of devices and web applica-
tion functions can help us to overcome the high effort during HBMS setup. Figure 11.4
shows the main idea of our approach which simplifies the construction of a personal-
ized context model: Semantic markup data of web applications (e.g., the e-Banking
application of the user) and devices (e.g., the vacuum cleaner, washing machine,
mower of the user) as additional sources to set up a personalized context model (step
2a in Fig. 11.4). Nevertheless, there remain still things in the environment, such as
items or fixture, which have still to be included manually (step 2b in Fig. 11.4).

To answer RQ2, we investigated if the use of personalized and adaptive user
clients can improve the activity recognition capability of assistive systems with regard
to the detection of fine-grained activities. Figure 11.5 shows the main idea of our
solution: (4a) designates the sector, where behavior observation already worked well
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in HBMS. Information about the movements of a person is observed via the smart
space, e.g., sensors which detect where the person is at a certain moment. Information
from smart devices such as smartphones or smart watches can be easily included as
well. (4b)in Fig. 11.5 shows our extension, where interactions with non-smartdevices
are communicated via an additional mediator, which is included in a multimodal user
client of the HBMS application.

Sections 11.5 and 11.6 describe in detail how we have proceeded in answering
these research questions. The next section discusses related work we need as a basis
for this work.

11.4 Related Work and Possible Solutions

This section summarizes related work to join an assistive system with the semantic
web in order to simplify the construction of the user’s context model and to improve
its activity recognition capability.

11.4.1 Assistive Systems

The term assistance system, as it is understood in this chapter, is intended to provide
Jjust-in-time activity guidance for people as they complete their activities. A smart
home is a residential home setting augmented with a diversity of multimodal sensors,
actuators, and devices where this cognitive assistance can be given based on ICT ser-
vices and systems. By monitoring environmental changes and inhabitants’ activities,
an assistive system can process perceived sensor data, make timely decisions, and
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take appropriate actions to assist an inhabitant to perform activities, thus extending
their period of time living independently within their own home environment. In their
survey [29], Nie et al. summarize the most recent smart home projects, and they give
a classification of the main activities considered in smart home scenarios and review
the different types of sensors that can be used to monitor these activities. In general,
to achieve this objective, a bottom-up, sensor-centric approach is used covering the
following levels:

(1) Monitoring: Sensors monitor inhabitant behavior and their situated environment
in real time and dynamically fuse and interpret the multiple modalities of sig-
nals. To monitor inhabitant behavior and environmental changes, visual/audial
sensing facilities and networked sensor technologies can be used. Sensors can
be attached to an actor under investigation (wearable sensing) for recognizing
physical movements or to objects that constitute the activity environment (dense
sensing) for recognizing human-object interactions [4, 29].

(2) Activity Recognition: To recognize inhabitants’ activities, data-driven and
knowledge-driven approaches arc applied [6]. Chen et al. [4] summarizes activ-
ity recognition approaches in correspondence with relevant sensors and moni-
tored activities.

(3) Assistance: Provide assistance to help the inhabitant to perform the intended
activity based on recognized activities. Rafferty et al. [34] move from a sensor-
centric approach for activity recognition to a top-down approach for intention
recognition, where the inhabitants intended goals are the focus of the assistance
system. The HBMS-System applies this approach too.

11.4.2 Semantic Markup and Web Ontologies

The semantic web offers a large variety of technologies for semantic data enrichment
and semantic interoperability [3]. Jovanovic and Bagheri [18] summarize some of
them in a technology stack for semantically rich e-commerce applications by dividing
them into six layers:

1. Syntactic interoperability by using standard data-exchange formats (e.g., JISON,
XML, RDF) and specifications for embedding semantic markup in web pages
(e.g., Microformats, Microdata, RDFa, JSON-LD);

2. Schema-level semantic interoperability by using vocabularies (e.g.,
Schema.org, Open Graph Protocol, Friend of a Friend);

3. Productidentity resolution by using strong product identifiers (¢.g., GTIN, UPC,
EAN, ISBN);

4. Value-level semantic interoperability by using product catalogues/ontologies;

5. Advanced data search and manipulation by using semantic technologies for
these functionalities (e.g., RDF data storage in triple stores, SPARQL data query,
and manipulation language);
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6. Improved e-commerce experience by creating intelligent e-commerce applica-
tions (e.g., product recommendation apps).

We focus on the second of these layers, the schema-level semantic interoperability, as
it comprises vocabularies for describing things on the web. These vocabularies allow
for establishing syntactic and semantic interoperability. Within this layer, several
ontologies for marking up things on the web exist in a large range of domains. To
solve our research questions RQ1 and RQ2 formulated in Sect. 11.3, we investigated
those ones, which seemed to be most promising to describe user functionalitics and
the handling of devices and web applications semantically.

As a source to identify candidates for our investigations, we used though not
only the Linked Open Vocabularies (LOV) catalogue [22] and bundled promising
candidates into the following domain categories, showing some similarities with our
device and web application domain. The following ontologies have been identified as
possible candidates for being a basic ontology for semantically marking up devices,
user manuals, and web applications in a first step.

¢ Bibliography Ontologies: FaBiO [10] the “Functional Requirements for Biblio-
graphic Records”-aligned Bibliographic Ontology is an ontology for describing
publications and that contain or are referred to by bibliographic references.

e Product and e-Commerce Ontology: [18] discusses the advantages of using
the semantic web for e-commerce. eClassOWL is used for describing the types
and properties of products and services on the semantic web [9] and is used in
combination with goodRelations [15], which covers commercial aspects of offers
and demand, e.g., prices, payment, or delivery options. Provoc [33], as a prod-
uct vocabulary, extends goodRelations for company hierarchies and production
aspects.

e Internet of Things (IoT) Ontologies: [107T-O [17] is a core domain “Internet
of Things” ontology, which is composed of different modules that are based on
already existing ontologies [35]. SAREF [37] is an ontology in the smart appliances
domain.

e Web Service Ontologies: WSMO-Lite Ontology [44] is a lightweight approach to
semantic annotation of web service descriptions [43].

e Geographic Information Ontologies: There exists an OWL representation of ISO
19115 (Geographic Information—Metadata) concerning about ordering instruc-
tions [32].

e Web Resources/SEQO: Schema.org provides a single schema for structured data on
the web, and its’ vocabularies include a large variety of domains (e.g., health and
medicine, persons, places, products, organizations, events, actions, creative work
media-objects, or recipes) [38]. Dublin Core Schema [8] is asmall set of vocabulary
terms that can be used to describe web resources like video, images, web pages,
etc., and physical resources such as books, CDs, or artworks. Schema.org is edging
Dublin Core out because it’s being solely and specifically created for SEO purposes
by actual search engine operators [16].

e Social media Ontologies: The Open Graph Protocol (OGP) [31] allows a basic
object description (e.g., Web site, image, music, video) with metadata. OGP is
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currently used by Facebook, Google, and Mixi. Friend of a Friend (FOAF) [11]
concentrates on relations between agents (persons, groups, organizations) and
documents.

e Operating instructions: no specific vocabulary for operating instructions could
be identified in LOV-catalogue; [42] presents a markup of medical guidelines
which is not applicable to our requirements; and the Learning Resource Metadata
Initiative (LRMI) ontology [21] is a collection of classes and properties for markup
and description of educational resources. The specification builds on the extensive
vocabulary provided by Schema.org and other standards.

In[12,39], we specified the concepts needed to describe devices and web applications
semantically and evaluated the most promising ontology candidates. Schema.org
seems to be the best approach, due to the concepts overlap, its wide distribution, its
extensibility, and the support of search engine optimization. In Sect. 11.5, we show
in more detail how to semantically describe devices and web applications, their
components and functions, and their handling using the schema.org vocabulary.

11.5 Semantic Markup of Devices and Web Applications

Section 11.3 describes the problems that have occurred with our assistive system
HBMS when setting up the user environment and observing interactions with non-
smart devices and web applications. We hypothesized that semantic markup could
help to overcome these problems.

Information regarding the general handling of a device or a web application rep-
resents domain knowledge. It is independent of a certain user and usually described
by the manufacturer or developer in the form of a user manual.

For devices, manufacturers provide manuals to inform a user how to prepare, use,
transport, store, and maintain them. These manuals are typically described in the
form of multipage, multilingual, detailed documents, made available for the user
by hardcopy or online. Sometimes explanatory videos arc additionally offered on
social media channels. These manuals are used in the following to describe devices
semantically.

In contrast to devices, web applications usually offer context-sensitive user man-
uals online. Interactive user elements can be automatically identified in HTML code,
but the semantics of what actions are triggered when interacting with these elements
are not included in HTML code. Schema.org metadata is already used on web pages
to mark products, events, organizations, or even some actionable elements, but it is
not used to semantically describe the entire user interface of a web application.

This section shows how to use schema.org to semantically describe properties,
functions, and operating instructions of devices and web applications. A web-based
tool called “Schemator” has been developed yet [12] to semi-automatically cre-
ate appropriate schema.org semantic markups for web applications. The semantic
description created by the manufacturer or developer in such a manner can be down-
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Fig. 11.6 Semantic markup interoperability scenario

loaded from the web in JSON-LD format (see Fig. 11.6a). This enables interoperabil-
ity with various assistive systems, and the environmental context knowledge needed
for a specific user can be imported from the web into the personalized context model
of the assistive system.

To improve the activity recognition power and interaction granularity, we propose
personalized and adaptive user clients simulating sensor data (see Fig. 11.6b). This
approach will be detailed in Sect. 11.6. Via the HBMS Observation Interface, this
“semantic based” HAR can be integrated like location or object-based sensor-based
HARs [4] (see Fig. 11.6¢) to work interoperable with the assistive system and improve
its activity recognition capability (see Fig. 11.6d).

11.5.1 Semantic Markup of Web Applications

To semantically describe the interaction possibilities of a user with a web application
(see Fig. 11.6a), we examined several web applications and modeled web applications
at the meta-level using suitable schema.org types. Figure 11.7 sketches the result of
this process.

A web application can be described using WebApplication. Each page of the web
application can be described using WebPage and its interactive elements using Web-
PageElement. As all these types are subtypes of CreativeWork, properties are avail-
able to describe identifier; name, and description. MediaObjects and more specific
types like AudioObject, VideoObject, and ImageObject can be linked too using the
property associatedMedia. What triggers the interaction with a WebPageElement can
be described using the property hasPotentialAction referencing an Action. Actions
were introduced in schema.org to describe the ability to perform a certain operation
on a Thing. Each Action has a name, a description, and a result. Latter is of type
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CreativeObject (and thus, e.g., again a WebPage). Several specific Action types like
AchieveAction, SearchAction, CreateAction, and more are predefined in schema.org.

The schema.org markup tool “Schemator” (see Fig. 11.6a) supports generating
schema.org metadata of web applications semi-automatically: In a first step, it reads
HTML and JavaScript elements of a given web page. In the second step, it provides
a user-friendly interface to add semantic information that cannot be generated auto-
matically. Compared to conventional schema.org tools, only the data necessary in
this context is requested from the tagging user. The schema.org data of the marked-up
web application is centrally stored and can be downloaded afterward in JSON-LD
format. Figure 11.8 shows an excerpt of the JSON-LD code describing an example
web application.

11.5.2 Semantic Markup Data of Devices

While human readers understand the handling of a good user manual mostly at a
glance, an assistive system needs extra information. In this section, we show how to
describe user manuals semantically including functions, problem situations, warn-
ings, and instructions.

Although users are most widely interested in device’s core functionalities to sup-
port them in their activities, also “support” functions (installation, maintenance) have
to be carried out and described in manuals. After having examined several manuals,
we figured out the needed information for manual’s semantic comprehension and
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“@context"” : "http://schema.org”,
"@id" : "https://developer.mozilla.org/en-US/docs/Web/HTML/Element/html?1",
"type" ¢ "WebApplication”,
“url" : "https://www.basicwebshopexample.com”,
“"name" : "Basic Webshop Example”,
"creator” : "John Doe",
"applicationCategory” : "Webshop”,
“about" : "This is an basic annotation example”,
“hasPart™:
“@type” : "WebPage”,
“gid" : “https://developer.mozilla.org/en-US/docs/Web/HTML/Element/body?1",
“hasPart™ :
“@id” : "https://developer.mozilla.org/en-US/docs/Web/HTML/Element /main?1",
“@type" : “WebPageElement",
“hasPart”
[
“@id" ¢ "https://developer.mozilla.org/en-US/docs/Web/HTML/Element/i21",

“@type” SiteNavigationElement”,

“name" : "i.fa.fa-shopping-bag",

"additionalType": "Brand",

“"description”: "The brand logo of this webshop. Click on it to return to the start site.",

“potentialAction” :
{
"gtype” : "aAction”,
"name" : "onclick.navigateToHome™,
“description” : “Return to start site.”,
"result” :

{
"gtype" : “WebPage”,
"gid" : "https://developer.mozilla.org/en-US/docs/Web/HTML/Element/body #2"

}

Fig. 11.8 Excerpt of the JSON-LD code describing a web application

modeled devices, their functionality and associated instructions at the meta-level. As
in Sect. 11.5.1 for web applications, we reused schema.org as far as possible for the
semantic markup of devices.

Figure 11.9 sketches the result of this process and focuses on those schema.org
classes and properties, which are suitable for this purpose. The similarity with the
meta-model for the description of web applications in Fig. 11.7 is obvious.

In contrast to the latter, we also used the extension mechanism of schema.org.
In the following, we focus on the identified existing (shadowed in Fig. 11.9) and
extended schema.org classes and properties (white in Fig. 11.9) to semantically
markup devices and their handling. As the e-commerce schema from the goodRela-
tions project [15] has been integrated into schema.org in 2012, it is easy to express
structured data about products and related facts with schema.org vocabulary. Thus,
a device can be easily described as a Product, with the properties name, description,
identifier; category, and image. For the specialization of a product into different mod-
els, schema.org offers the subclass ProductModel and the property successorOf to
tag developments of a product over time. Complex devices can be mapped to Prod-
uct as well, as Product includes a property isAccessoryOrSparePartFor referring to
another product (or multiple products) for which this product is an accessory or spare
part.

Every Thing and thus, also Product can have a set of potentialAction of type
Action. This property references an idealized action in which this thing would play
an “object” role. There exist many action subclasses, and useAction seems to be well
suited for tagging Core Functions of a device. A fitting Action subclass to map
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schema.org
Produck isAccessoryOr
name‘ . SparePartFor
schema.org: description v
ProductModel D identifier
> | category
successorQ image
. potentialAction
object v .
schema.org schema.org mainEntity
UseAction D Action
name
. - description
maintainAction -—[: result
A
Tnstruction |< steps 200Ut
- Step 1 Instruction }= hasPart P’robl?m
| N — Situation
| Warning  |< hasPart |
- — _—
schema.org >
TechArticle associated schema.org
Media MediaObject
contentURL

Fig. 11.9 Schema.org excerpt (colored fields) and our extensions (white)

Support Functions has not been defined yet. Thus, a specialization of Action to
maintainAction is helpful to tag them.

Manuals can be considered as creative work. Schema.org offers CreativeWork
with a lot of subclasses to tag web content like Article, Book, MediaObject, Movie,
Recipe, Web site, and more. Although no schema.org subclasses for manuals have
been defined yet, TechArticle, a subclass of Article, can be used to map the concepts
of Instruction, Instruction Step, Warning, and Problem Situation, which can be found
in almost every user manual. Thus, a specialization of TechArticle into Instruction,
InstructionStep, Warning, and ProblemSituation and the extension of Instruction
with the property steps do make sense using additionalType." The existing property
hasPart allows to indicate other CreativeWorks that are parts of this CreativeWork,
so it allows to map the interrelationship between ProblemSituation, Instruction, and
Warning. MediaObject and more specific types like AudioObject, VideoObject, and
ImageObject can be associated with TechArticle using the property associatedMedia.

ISee, e.g., http://sdo-schemaorgae.appspot.com/TechArticle.
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As every CreativeWork can have a subject matter of the content using the property
mainEntity, this property can be used to assign it to a Product or Action tagged before.

Like sketched in Fig. 11.8 for a web application also the semantic description
of a device can be represented in JSON-LD format. During HBMS-System setup,
this device knowledge can be imported from the web into the personalized context
model.

11.6 Personalized and Adaptive User Clients

This section uses an example to explain how semantic data is integrated into the
HBMS-System and how this information is used for active support. As we see in
Fig. 11.10, the assumption for the following example is, that manufacturers seman-
tically marked up their devices (e.g., all types of vacuum cleaners) online using the
“Schemator” tool (see Sect. 11.5).

During HBMS-System setup and customization, the personalized user context has
to be defined (see Sect. 11.3). This covers, e.g., also the description of the functionality
and handling of a vacuum cleaner of the supported user. As mentioned, the manual
resource definition and update of the environmental context is a considerable effort we
wanted to reduce. Thus, the automatic import of the semantic data about the given type
of vacuum cleaner into the personalized context model highly facilitates this process.

Collecti Transformation Knowledge
ollection and Integration Usage

onlin : & a
manuals |

o i ‘ manual + HCM-L Modeler
n g context DB HCM storage DB (ADOxx)

i/ ]

web -

applications i 6 ﬁz - |
i HCM-L Modeler

HAR-System

Fig. 11.10 Personalized and adaptive user clients in HBMS
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The data is taken from the web, transformed, and integrated into the HBMS-System
data stores mapping tagged elements to HCM-L resource types, HCM-L functions or
multimodal instructions (sce Fig. 11.3). The HCM-L Modeler [ 1] enables to visualize
the imported information.

During the HBMS-support process, the user is guided on demand through behav-
ioral units (BUs) and their operations. These BUs can be indoor or outdoor, at home
or in business. We assume in our example the user wants to clean up his apartment
and uses his vacuum cleaner.

If one operation of a BU includes the use of a special resource functionality or
gives a warning [e.g., (A) in Fig. 11.10, dust bag of the vacuum cleaner has to be
replaced], (1) the user contacts the HBMS-System, which (2) retrieves the demanded
knowledge regarding this vacuum cleaner and (3) passes the appropriate information
via a client (e.g., a tablet or a voice assistant) to instruct the user step-by-step. After
cach instruction step, (4) the user feedbacks the HBMS-System about the current
execution status (e.g., via click or voice assistant). The HBMS-System (5) simulates
sensor data based on this user feedback and sends it to the related HAR-System.
From the point of view of the HAR-System, it seems as if the data had come from a
genuine sensor. Thus, (6) activity data is handled by the HBMS-System as well as if
it were recognized via a real sensor. It is included in the HBMS knowledge base and
used in succeeding operations. (2)—(6) are now repeated until the problem is solved
and the warning is gone.

The steps (1)—(6) can also be applied for web applications or web pages [see (B)
in Fig. 11.10] which are semantically marked up, as the information about the steps
needed to use the web application or web page is included in the HCM-storage such
as other data.

Moreover, automated mapping from old to renewed devices is possible. If a device
is replaced by a new one or a new device is added [e.g., (C) in Fig. 11.10], the update
of the manual goes the same “collection, transformation, integration” way until the
manual information is contained in the knowledge base and related to BUs using the
former device. Consequently, it can be used for support.

11.7 Summary and Outlook

This contribution combines assistive systems with the semantic web using HBMS-
System as an example, in order to simplify the creation of a personalized context
model during system setup and to improve the system’s activity recognition capabil-
ities.

This approach makes interaction possibilities and functions of devices and web
applications semantically understandable for the HBMS-System and interoperable
with its environmental context model. We show how to semantically describe devices
and web applications including their functionalities, results, and user instructions and
propose to use the vocabulary of schema.org. Since schema.org is very extensive,
we define a vocabulary subset, but also a small extension of schema.org to fill in

michael@se-rwth.de



244 C. Steinberger and J. Michael

gaps. The result is presented in the form of two meta-models. According to these
meta-models, devices and web applications can be marked up and represented in
JSON-LD format on the web. In this way, “semantic manuals™ are created. A tool
therefor (‘Schemator’) is in development.

Furthermore, this contribution explains how personalized and adaptive HBMS
user clients and the power of the HBMS environmental context model can be used
to bridge an existing activity recognition gap. User feedback after each instruction
step is included in the HBMS-System by simulation of sensor data according to
this user feedback. We are currently working on the implementation of the capture,
transformation, and integration process in the HBMS-System.

Although we have used a domestic example, the idea of semantic manuals is
transferable to other areas such as software applications or machines in production
halls and their manuals. Describing industrial information models with ontologies
and constraints is an occurring research topic [19]. To provide active assistance for
such processes in the industrial context (e.g., for manufacturing processes), semantic
markup of industrial manuals is a promising approach. In addition, software appli-
cations could benefit from semantic manuals. Consequently, further development of
the HBMS-System will focus on these domains.

Even better tools are needed to facilitate markup for manufacturers. A natural
language approach that generates the required structured metadata from text docu-
ments on the web will be helpful for manufacturers and is another interesting area
of research.

Furthermore, the Internet of Things (IoT) world offers a large variety of open
issues for the research community. First adaptations of the context model toward
ToT manufacturing processes and privacy concerns are already in progress [26]. This
also includes approaches to supporting interoperability through ontologies [7]. Work-
ing with heterogeneous intelligent systems in assistive systems remains a challenge
where the use of ontologies to standardize and support semantic interoperability
would bring great benefits to ongoing projects [5]. Furthermore, the ontological
foundation of the HBMS meta-model in a basic ontology [14] by the research team
should improve the quality of conceptual modeling languages and models.
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