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ABSTRACT

Introduction: Due to healthcare information systems interoperability issues, health-re-
lated events may be missed. Numerous techniques based on medical standards and
technologies have been recommended to address this challenge. Nevertheless, these
techniques do not follow a holistic approach. Aim: The purpose of the paper is to present
the structure mapping service which is developed in the context of the initial design of the
interoperability solution of the CrowdHEALTH project. Methods: In the CrowdHEALTH
project, subcomponents responsible for providing the appropriate interoperability solu-
tion have been created with first the rule engine for the implementation of the business
logic. Another subcomponent responsible for creating and managing the knowledge
related to the link that exists between information structures, or mappings between
them, is the Structure Mapping Service. The envisioned approach for structure mapping
is based on ontology alignment. Besides, the Terminology Service is responsible for
providing a set of operations on medical terminologies used for the coding of medical
knowledge, which fills the information structures. Results: Within the development of
the Structure Mapping component, the Ontology alignment process will be automated.
Two phases exist when using the structure mapping service: the training phase and the
run-time phase. In the training phase ontologies are created and are aligned, and data
maps between the use case (source) data sets and the HHR Manager classes (target) are
formed. Afterward, these data maps can be stored in the knowledge base. In the runtime
phase, queries can be made to the structure mapping component by the data converter.
The structure mapping controller can then access the Knowledge Base to retrieve the
appropriate mapping and transformations and provide these as a response to the query.
Conclusions: The initial design of the advanced interoperability techniques is described
with emphasis put to Structural Mapping service which can be easily deployed and
seamlessly integrated into healthcare settings. This design will be assessed and further
enriched during the project life circle.
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1. INTRODUCTION

Currently, the healthcare system
faces various challenges ranging
from excessive costs that could be
avoided and information manage-
ment issues to unnecessary Elec-
tronic Health Record (EHR) dupli-
cations and omission or unavail-
ability of critical data (1). Such diffi-
culties lie in the fact that providers
are not able to exchange informa-
tion and in most cases, they are still
using obsolete formats. According
to the IEEE (2) definition, interoper-
ability is the “ability of a system or a

product to work with other systems
or products without special effort
on the part of the customer” made
possible by the implementation of
standards. The Semantic Health
study (3) classifies the semantic in-
teroperability of systems into those
with local interoperability (within,
e.g., hospitals or hospital networks)
and those with regional, national
and cross-border interoperability.
Rector et al. (4) state that EHRs are
“information models” and that
“ontology” is the conceptualization
of healthcare information (clin-
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ical, demographics, etc.). CrowdHEALTH project aims
at processing datasets with structured and unstruc-
tured information coming from different Use Cases (5-
9). Thus, there is a need to identify or map the entities
and attributes from a proprietary source to a standard
source specification and codify the information using
standardized terminologies. For all these reasons, three
components have been implemented: i) the Rule Engines
which serve as interface to the rest of the components
by orchestrating functionalities of other components as
well as applying the rationale for transforming the clin-
ical information, ii) the Structure Mapping which stores
mapping rules from a given health information struc-
ture to another and iii) the Terminology Service which
is responsible for carrying out different semantic oper-
ations on the available terminologies, like the retrieval
of concepts, semantic inclusion, or translating between
terminologies. The Structural Mapping sub-compo-
nent will take advantage of well-established Ontology
alignment approaches to perform the mapping between
the schema/ model of an incoming document with the
use-case specific target schema/model in the Crowd-
HEALTH platform. Ontology alignment approaches can
be used for obtaining structural mappings between two
different data models. Many tools and frameworks have
been developed for aligning Ontologies that differ ac-
cording to the degree of user intervention required to
produce accurate mappings. In typical Ontology align-
ment approaches, data models or Ontologies are usu-
ally converted to a graph representation before being
matched. In this context, aligning ontologies is some-
times referred to as “ontology matching”. The problem
of Ontology Alignment has been tackled by trying to
compute matching first and mapping (based on the
matching) in an automatic fashion. Systems like DSSim,
X-SOM or COMA++ (10) obtained high precision. There
are also alignment tools such as PROMPT (11) for the
Protégé framework. Data structures (12) are constructed
by utilizing the related data values to create the linkages
for bringing it together in multiple ways. Two different
processes exist for either restructuring or reshaping
the source data (13). Restructuring is achieved through
the usage of the data relationships that exist in the data
in terms of linkages, to reshape the structure to model
these new relationships. In that case, new data relation-
ships are applied, creating new meaning to the structure
that is created. Also, new relationships’ linkages can be
created through the comparison and formulation of the
data relationships. On the other hand, reshaping aims at
shifting the pieces of the structure around, without any
kind of limits to the final structure. As a result, this al-
lows the transformation of any structure into any other
structure. Through Data transformation, the conversion
of data from one format into a different one is achieved
(14). Since data exists in various locations and multiple
types, data transformation guarantees that data from
one application or database can be used by other appli-
cations and databases. In case data has to be commu-
nicated, the data is extracted from the source, trans-
formed into a different format, and is channeled to its
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final destination. In the case of data integration, extract
—transform —load (ETL)approaches are considered to be
the leading processes (14). However, data may have to
be merged, aggregated, enriched, or filtered according
to different cases. Data mapping is considered to be the
most important step in data transformation. The latter
creates the relationship that exists between the data el-
ements of two applications, providing ways of the trans-
formation of data deriving from the data source, before
it is finally provided to the target application. There are
cases where data do not conform to a specific structure
(e.g. email) and need data transformation to convert the
provided information into data that can be used.

2. AIM

The aim of this paper is to present the envisioned
approach for structure mapping is based on ontology
alignment within the context of the CrowdHEALTH
project.

3. METHODS

3.1. Structure Mapping Overall Approach

The envisioned approach for structure mapping is
based on ontology alignment. The process involves run-
ning several matching operations either in series or
parallel and then filtering the results of these matches
to find an overall alignment. Once aligned a direct con-
nection or mapping can be made between data elements
in the source dataset and data elements in the target
dataset. Within the development of the Structure Map-
ping component, the Ontology alignment process will
be automated. Two phases exist when using the struc-
ture mapping service: the training phase and the run-
time phase. In the training phase ontologies are created
and are aligned, and data maps between the use case
(source) data sets and the HHR Manager classes (target)
are formed. Afterward, these data maps can be stored in
the knowledge base. In the runtime phase, queries can
be made to the structure mapping component by the
data converter. The structure mapping controller can
then access the Knowledge Base to retrieve the appro-
priate mapping and transformations and provide these
as aresponse to the query.

Ontologies & Relationships Knowledge Base

PersonalData

X

i

Ralationships

h:mErm!_V/ h\?ﬁ(‘,mmdm
/

Email | LCiumud _| Classos

| tesiffitesicom (. 2Tern? | InstancEs

Figure 1. Sample ontology for a use- case
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3.1.1. Training Phase

Before any live structure mapping, opera-
tion Ontologies are created for each use-case
using the data models provided by each use
case partner in the CrowdHEALTH project as
per Figure 1. Creating the Ontologies means
deriving the key elements, structures, and re-
lationships and devolving this to triples of in-
formation. The other stream of work is to es-
tablish a target data model or Ontology-based
on the HHR Manager classes defined in the
CrowdHEALTH project. Once the ontology
has been established for a use case and there
is the ontology for the HHR Manager classes,
the two ontologies can be aligned. Matches
between Ontologies can be based on the re-
lationships and dependencies between name
structure and placement of instances. Name
similarity can be recognized by utilizing se-
mantic interoperability approaches that aim
at identifying similarities between the name
of different elements —as shown in Figure 2.
Structural similarity can be recognized when
both Ontologies have common members or re-
lationships as per Figure 3. Instance similarity
can be recognized by examining instances
of data from the two ontologies (Figure 4).
Part of CrowdHEALTH’s vision is to form the
best combination of established approaches
to provide automatic alignment of use-case
data models with the target HHR model. An
example pipeline for Ontology alignment is
shown in Figure 5. Once the target HHR struc-
ture and Use Case data structures have been
mapped through the Ontology alignment ap-
proach, the Structure Mapping component
will be responsible for providing the rules or
schemata describing the mapping of incoming
datawith the target data structure as shownin
Figure 6. The mapping rules or schemata will
be stored in the Knowledge Base.

3.1.2. Runtime Operation

The runtime operation of the Structure
Mapping component involves the implemen-
tation of Data Maps that processes incoming
data structures from the use cases to be
mapped to the structure of the HHR Manager
class structure. The runtime operation of the
process is covered in the following steps: In-
coming data is received from the Ruler En-
gine and is converted into a common internal
or use-case specific format by the structure
mapping service. The incoming data is fed
into a Data Map that is based on the Ontology
alignment approach i.e. the Data Map aligns
the use-case data model with the target HHR
model as shown in Figure 7. If necessary, the
outcome of the Data Mapping step is trans-
lated to create an outcome where the in-
coming data is mapped to the target HHR data
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SessionEvent Person
hasLocation: Place name: String
hasTimeAndDate: Date email: String
hasAttendee: Person’
DemoSession PosterSession
Session
location: String
time: TimeAndDate —
attendees:  Person _Person
sessionType: {Presentations, |4 name: String
Demos, Panel, Keynote} email: String
Figure 2. Similar names
SessionEvent Person
hasLocation: Flace name: String
hasTi Date: Date / email: String
thasAttendee: Person
PosterSession -
TimeAndDate
PaperSession time: String
) Session date: String
location: String
time: _ TimeAndDate
Lt | attendees: >Person Person
Similar property name session Type: {Presentations, |4 name: String
and range (structure) Demos, Panel, Keynote} email: String

Figure 3. Instance similarity based on common data occurrence between two ontologies

SessionEvent Person
hasLocation: Place name: String
hasTimeAndDate: Date / email: String
hasAttendee: Person’

DemoSession

TimeAndDate

tmes: Sting

Session / date: String

location: String
- J time: TimeAndDate

= S attendees:  Person Person
— sessionType: {Presentations, | 4 name: String
— 5 Demos, Panel, Keynote} email: String

PosterSession

alignment

Figure 4. Common occurrence between two Ontologies can be identified through Ontology
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Method 2|

Figure 5. Example of Ontology alignment
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Figure 6. Sample, Ontology alignment approach

model. The terminology service is called if | <ocurce
specific transformations are required (Figure
8). The outcome of the Structural Mapping

sub-component is forwarded to the other

</source>

<context value="CRA Dataset "/>
<type value="String"/>
<element value="Patient"/>
<variable value="Email"/>

element: “Patient™,
variable: “Email”,
type: “string”

—)

components in the CrOWdHEA‘LTH platform. Figure 7. Data Maps will implement the Ontology Alignment approach to translate data
The Data Maps are updated (if needed) and from use case specific structure to target HHR structure

stored for future use.
L pesbSaS———— P s ———
¢ _ = =
{ : element;Patient,
element: Patient, varfable: ContactPoint.email,
variable: Email, i type : string, ~

T

type: string

Figure 8. Transformation of data from initial to final stage

3.2. Structure Mapping internal architec-
ture

The internal architecture of the Structure
Mapping sub-component is illustrated in

element :Patient .

variable: ContactPoint.email.
type : i
action: copy

<targets
<context values" FHIR CrowdHealth "/>
<gantextType value="PatientResource” />
string, — <element value=" ContactPoint.esail”/s
<transfore value="Copy"/>
</target>

Figure 9. The Structure Mapping sub-com-
ponent provides a Representational State
Transfer (RESTful) Application Program-
ming Interface (API) for the Data Converter to access
the Structure Mapping service. In response to requests
from the Data Converter, the Structure Mapping service
returns mappings for incoming data, the mapping de-
scribes how the data elements in the various uses-cases
can be transformed into the HHR Manager structure. It
also returns for each element any required translation
function to convert the data to the correct HHR format.
The following modules deliver the functionality of the
Structure Mapping service.

ORIGINAL PAPER / ACTA INFORM MED. 2020 MAR 28(1): 52-57

Figure 9. Internal architecture of the Structure mapping subcomponent

3.2.1. Interface Layer

The interface layer is designed to allow variations in
the implementation of the actual Structure Mapping
service. In all cases, the Interface Layer handles conver-
sion to and from JavaScript Object Notation (JSON)/ Ex-
tensible Markup Language (XML) to one internal format
of the structure mapping engine i.e. JSON.

3.2.2. Knowledge Layer

The Knowledge Layer consists of two elements: the
Ontology Layer and the Knowledge Base. At training

55



Advanced Interoperability Techniques: Structure Mapping Service in CrowdHEALTH Project

time, the Ontology layer is actively aligning
use case data set ontologies to the HHR Man-
ager Class ontology, the result of these align-
ment operations are stored in the knowledge
base. Once training is complete the Knowl-

IS‘lructurreMapplng

il

edge Base will contain maps that map use-

StructTe Map 2]

case specific data models to the target HHR
model. At run time the primary function of
the ontology layer is to provide these map-
pings in response to requests passed through
the structure mapping controller.

3.2.2.1. Ontology Layer

Interfare L aar

.

ResfulAPI g1

RequestParser 5| ResponseEncoder  §]

Several possibilities are available for cre-
ating Data Maps using Ontology Alignment
approaches. However, the focus of this com-
ponent is to create an automated or semi-au-

tonomous technique for selecting and exe-

Shructure mapping Controlar =M}

—

cuting relevant Data Maps. The actual pro-
cess of Ontology alignment involves several

sub-components combined into a pipeline.
During training the key elements will be

Orfelogy Lenyer % “nowlados Base E:' -

EmarLogaing & |

transforming the use-case data to triplets,
feeding these into a series of matches to com-

pare with an established HHR model in the
CrowdHEALTH, aggregating the results and
filtering to produce an alignment with the possibility of
iterating this process to refine results.

3.2.2.2. Knowledge Base

Once created, Data Maps are stored in the knowledge
base and validated against existing use-case data. Tools
can be used to provide visualization of the result as a
graph: (Intermediate point between ontology layer and
knowledge base). The purpose of the knowledge base is
to provide a local data store to the Structure Mapping
controller module, containing details of the relation-
ships, classes, and instances identified by the Ontology
Layer. A Triple Store database is developed using estab-
lished technology such as RDFLib for Python or SPARQL.
This is implemented as a standalone Docker container
with interfaces to provide information in response to
requests from the Structure Mapping Controller, work
as a storage container for mappings from the Ontology
Layer and offer a query language to process requests
from the structure mapping controller.

3.2.3. The structure mapping controller

The Structure Mapping Controller is responsible for
selecting an appropriate Data Map when being sup-
plied with incoming data. The Controller analyzes the
incoming data and accesses the Knowledge Layer to re-
trieve relevant Map, with links to the corresponding re-
source and entity in the target HHR model.

3.2.4. Exror logging and sanity checking

Due to the fuzzy nature of the matching performed by
the Structure Mapping Controller and the need for up-
dates many actions are considered and included:

- Log structure mapping interactions,

- Check over a range of results for data anomalies,

- Provide a method for signaling error processing,

- Provide an update or retraining method for the
Knowledgebase,
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Figure 10. Process to implement and refine Data Maps

4. CONCLUSION

Provide graphing tools to enable the existing Knowl-
edgebase to be examined.

Healthcare systems need to tackle interoperability
issues and communicate in the same language to opti-
mize patient outcomes and improve care delivery. The
CrowdHEALTH project provides an infrastructure to
transform the clinical information into processable data
using eHealth standards and terminologies. The initial
design of the advanced interoperability techniques was
described with emphasis put to Structural Mapping ser-
vice which can be easily deployed and seamlessly inte-
grated into healthcare settings. This design will be as-
sessed and further enriched during the project life circle.
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