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Abstract: The blasts of Internet of Things industry have been bringing increasingly shrewd gadgets (SDs) into
business and individuals' everyday life. This makes new chances to manufacture applications that better
coordinate ongoing condition of the physical world and requires readiness for the product to oblige clients'
necessities. By and by, gadgets are generally given by various makers, and applications are freely developed in
view of their own frameworks with little interoperability. Web of Things idea has empowered the
interoperability between gadgets by RESTful web benefit in a light-weight way; be that as it may, it attempt less
endeavours to examine how to coordinate gadgets into complex business condition. Benefit Oriented
Architecture and Business Process Management approach are getting to be noticeably pertinent to installed
true gadgets and give adaptable administration organization. Be that as it may, it depends on WS-* web benefit
detail which is too substantial and complex for gadgets and not perfect to RESTful style. In such circumstance,
coordinating gadget into business application with straightforwardness and giving readiness structure of
administration in light of gadget are huge difficulties. We propose an electronic two-layered joining structure
that empowers SD to coordinate with each other through light-weight interface and other back-end applications
into lithe business handle. A genuine utilize case on elderly care is contemplated in detail in light of the
structure.

Keywords: integration, smart device, Web of Things, REST, SOAP, SOA, service composition, business process
management.
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I.  Introduction

In the present Internet of Things (loT) industry, gadgets are normally given by various makers, and
applications are freely developed in view of their own frameworks. It implies that these gadgets and applications
are fragmentally conveyed. This circumstance makes the sharing of information and cooperation between
organizations very troublesome. Despite the fact that Web of Things (WoT) [1] has introduced an understanding
of interfacing gadgets to the Web by means of Internet protocols—Representative State Transfer (REST) [2] web
benefit that physical items could be gone about as building squares of Web applications which encourages
creating applications based gadgets, the building hinder for a gadget still stays basic and fragmental with each
other, and with other back-end applications. It is as yet a fine-grained hinder from business application's
perspective. The circumstance implies that joining from gadget level is as yet not ready to viably bring gadgets
into market for business utilization. Besides, Web 2.0 concoction of these building squares is still improvement
particular for some static necessities of straightforward situation; in any case, the speed of business condition
changes is quickly expanding, so these static, unstructured, and unrepeatable crushes up applications won't
oblige their clients' request. With regards to this foundation, the exploration questions turned out that: how to
coordinate the fragmental gadgets with each other, and also with other back-end applications for an all the more
huge grained organization for business utilization, and how to likewise ensure business readiness by means of
business process? Inside the extent of WoT idea, since numerous gadgets normally offer rather straightforward
and nuclear functionalities (e. g., perusing sensor esteems), displaying them utilizing REST is frequently clear.
While REST administrations are very much adjusted for rather nuclear administrations, in this manner covering
a reasonable piece of the essential administrations offered by installed gadgets, they have constraints when
displaying administrations which require complex information as well as convey complex yields. The Service-
Oriented Architecture (SOA) [3] approach advances the making of very available, approximately coupled,
business-arranged administrations, and also end-to-end, completely coordinated administrations utilizing such
principles as the Business Process Execution Language (BPEL) [4]. All things considered, a SOA can give
precisely the sorts of big business ancient rarities that Business Process Management (BPM) [5] is intended to
devour and coordinate, for the more extensive motivation behind streamlining differing business forms.
Notwithstanding utilizing the SOA, BPM can thus fill in as both a spine and a stage for SOA builds, and BPM
plan systems can to a great degree be valuable in characterizing and configuration target business
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administrations and their organization. In this way, the incorporation of gadgets into the business IT-scene
through SOA is a promising way to deal with interface physical questions and to make them accessible to IT-
frameworks. All things considered, the SOA/BPM is customary combination designs in light of WS-* Web
Services, implying that the particulars are on the premise of Simple Object Access Protocol (SOAP) and Web
Service Description Language (WSDL) which couldn't be connected to REST benefit. Along these lines, in this
article, we present a Web-based Two layered Integration Framework (WTIF) for shrewd gadgets (SDs) in view
of WoT and SOA/BPM approaches. The targets of the system are:

Target 1: give interface institutionalization to gadget layer reconciliation as per WoT arrangement;

Target 2: give arrangement to gadget assets and other back-end administrations among various associations for
administration layer combination as indicated by BPM arrangement;

Target 3: give organized, repeatable, and bland business forms for business spryness.

The exploration strategy depends on a contextual investigation that we will think about on the elderly
care arrangement of Finland to examine the definite prerequisites for the coordinated arrangement. At that point,
we will present the mix structure for SDs in view of the prerequisites lastly a subjective approach has been taken
to assess the arrangement in light of some execution endeavors of the particular utilize case. The article makes
the accompanying commitments: First, we expounded and organized an arrangement of prerequisites and
outline standards for the joining issue in view of the particular genuine elderly care case. Second, we are
proposing a two-layered incorporation approach for the SD which understood the required standards. Our third
commitment is an utilization contextual investigation with administration demonstrating, reference execution,
and in addition assessments. In the utilization contextual investigation, we have displayed a bundled elderly
minding administration in light of WTIF, and we have exhibited the coordination of helped gadgets into the
bundled benefit (PS) with other back-end administrations. We demonstrated how SDs are coordinated into
business application by the WTIF with arrangements of advantages. Whatever remains of the article is
composed as takes after. Area 2 surveys related learn about the joining of gadget into business applications.
Segment 3 depicts the genuine elderly care case in Finland. Necessities and required standards of the mix work
are examined in Section 4. Area 5 depicts our reconciliation approach in detail. In Section 6, we examine on the
utilization case and give a subjective assessment of our system. Area 7 finishes up the article.

II.  Condition Of-Art

Reconciliation for gadgets and Endeavour administrations is not an absolutely new thought. A few endeavours
have investigated the mix of genuine and venture administrations.
2.1. Web of things

As of late, the supposed WoT pulled in much consideration and now starts to increase across the board
acknowledgment as a way to deal with treat certifiable items and gadgets as liberated substances taking part in
organized applications [6,7]. Heterogeneous interconnected articles have procured the capacity to detect their
physical status and condition, to work as actuators, and to convey with different items/hubs, as well as to contact
a plenty of different applications by means of Internet conventions [8]. It proposes to empower the gadget
capacity straightforwardly as a REST web benefit by taking after RESTful compositional style to encourage the
Web2.0 mash up in light of SD. Two fundamental methods for mixes are given. One is through direct API
access from gadgets, while the other is through circuitous APl access on Smart Gateways. Beginning ideas of
WoT structures as of now encourage the reconciliation of WoT frameworks with the Future Internet and should
shape an arrangement of building squares without bounds WoT [9,10]. While the WoT people group has
obviously recognized the requirement for interoperability with other Internet applications, the area of big
business prepare displaying so far is by all accounts more hesitant to address and model parts of this present
reality. SmartBUPT is a WoT stage in BUPT (Beijing University of Posts and Telecommunications) grounds by
MINE Lab, it expects to make an open grounds advancement stage to encourage clients to make helpful and
savvy benefits in their every day grounds lives by taking after the WoT idea [11,12]. The stage gives
heterogeneous sensors and actuators uniform web APIs access through Smart Gateway to diminish the
obstruction of Web2.0 application advancement in light of nuclear gadget functionalities. Nonetheless, it doesn't
go for building endeavour application so that the gadget administration couldn't specifically be utilized for
business administration’s with complex rationales. Without the mix with business handle, the gadget APIs are
hard to be monetarily feasible.

2.2. SOA-based reconciliation for keen things

Pintus et al. [13] has considered associating keen things through Web Service organization. In
comparable way, the tasks SOCRADES [14] applies SOA approach for implanted system. SOCRADES is a
solid mix design concentrating on utilizing the advantages of existing advances and taking them to a next level
of combination using Device Profile for Web Services (DPWS) and the SOCRADES middleware. In
SOCRADES structure, it utilizes DPWS [15] to give the usefulness of implanted gadgets as administration.
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DPWS is a subset of Web administration norms, (for example, WSDL and SOAP) that permit
negligible collaboration with Web administrations running on implanted gadgets. In addition, SOCRADES
gives benefit transport and business prepare middleware whereupon advanced creation procedures can be
demonstrated and bolster interfacing SDs, i.e., savvy generation machines from assembling shop floors, to
abnormal state back-end frameworks, for example, an Enterprise Resource Planning (ERP) framework. Inserting
SOA ideas at gadget level at first appears a smart thought. Nonetheless, we need to remember that SOA gauges
were outlined essentially to connect, complex, and rather static undertaking administrations. In this way,
actualizing WS-* benchmarks for empowering gadget functionalities is not generally clear with repetitive
messages. Not at all like endeavour administrations, certifiable administrations are sent on asset compelled
gadgets (even through a circuitous Smart Gateway which is usually additionally implanted condition), e.g., with
constrained registering, correspondence, and capacity abilities. This requires essentially basic, all the more light-
weight conventions and uniform interfaces.

2.3. Peaceful BPM for coordinating REST web benefit

With the objective of drawing in a bigger client group, increasingly specialist organizations are
changing to REST keeping in mind the end goal to make it simple for customers to expend their Web benefit
APIs. In this manner, Pautasso has proposed the BPM for REST [16] which has extended the WS-BPEL dialect
to bolster reconciliation of RESTful web benefit into a BPM framework and furthermore empower the
procedure as a RESTful administration. It conceivably encourages incorporating Web2.0 applications with big
business applications. The new augmentation to the BPEL standard gives local support to the structure of
RESTful web administrations. This approach turns the idea of ™"asset" and conceals the asset arranged
cooperation primitives (GET, POST, PUT, and DELETE) of REST inside the administration situated reflections
given by WSDL. With these, a BPEL procedure can specifically communicate and control the condition of
outside assets and definitively distribute parts of its state through a RESTful web benefit API. In any case, this
approach concentrates essentially on incorporating REST benefit and dealing with the business procedure in a
REST style yet overlooks the BPM with both WS-* administration and REST benefit.

1. UTILIZE CASE

In Finland, elderly individuals lean toward living in their homes rather than clinics because of the
expanding cost. In this way, some helped advancements are being used into the elderly home care, for example,
remote wellbeing observing frameworks, portable mechanical partners, social cautions, and fall recognition.
New assistive gadgets ought to be presented in light of the examination of every individual's needs and abilities
of utilizing the gadgets. Much of the time, various gadgets are utilized in the meantime. Also, the gadgets are
associated with various data frameworks as a feature of social insurance procedures, and producers have seen
that offering just assistive gadgets is insufficient—a benefit bundle that incorporates sorts of helped gadgets and
connected administrations is more lucrative option. Shockingly, the gadgets and administrations offered by the
diverse suppliers are regularly incongruent with each other. Typically, every gadget has its own online
administration. Along these lines, buying utilizing and dealing with the gadgets and administrations
independently are troublesome. In addition, the center applications from most elderly care associations and
social insurance specialist organizations are Patient Administration Systems (PAS) and Personal Health Record
frameworks (PHR). In this way, a prerequisite for the makers is that they ought to coordinate their items with
each other, as well as with these heritage frameworks for substantial grained business applications. Nonetheless,
today the majority of these producers framework are not all around incorporated into the PAS or PHR, bringing
about a need to re-enter the information. Another test for this situation is that the minding arrangement
requested by clients may change amid the execution time frame, which implies that the prerequisites of the PSs
may fluctuate as indicated by the clients' needs. In this way, any static also, resolute minding administration
won't take after the fast change of necessities with less exertion. As an outcome, some reconciliation is required
from various levels in this elderly care case to ensure that the SDs and administrations could be incorporated
into one PSs with enough adaptability and deftness. As Table 1 appears, some little and medium-sized venture
(SME) organizations give helped gadgets and a specialist co-op (SP) who gives PHR administrations and a
human services association who has PAS.

IV.  Prerequisites And Required Worldview
In this area, we exhibit the prerequisites and plan ideal models of the coordination structure for SDs in
light of the genuine case in Finland. To better comprehend the prerequisites, we will offer definitions to some
critical articles at first as appeared in Table 2, and after that we will give out the particular necessities from
various part's perspectives, and the plan ideal models. From Customer's perspective The mix ought to ensure
that the arrangement is a PS with various sorts of creation decisions and serves both elderly patients and parental
figures. It implies that the client could pick diverse items to make, develop, and alter their administration bundle
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progressively by their own needs. From Caring Service Provider's (CSP) perspective CSP ought to have the
capacity to make reusable administrations with straightforwardness of the itemized details of every Product
Vendor (PV) and Third-party Service Provider (TSP) by means of Integration Platform (IP) to convey their own
PS to the clients. Also, CSP could bolster changing the business procedure on the fly with a continuous response
to the unexpected changes of client's prerequisites by means of IP. From Integrator's perspective Integrator
ought to give IP where CSP could make their own particular PSs; Integrator ought to ensure that IP could give
BPM and execution condition to coordinating outside web administrations; Integrator ought to ensure that IP
could incorporate diverse sorts of outer web benefit paying little heed to the style and information groups
(SOAP-based or REST, XML or JSON); Integrator ought to ensure that composite business process could be
reusable. From PV's perspective PVs ought to give an institutionalized light-weight and simple to-created Web
interface for their keen gadget benefit (SDS) to ensure the interoperability between various gadget

Table 1 Products and services provided by different partners
SMEs & SP & organization SMEs & SP & organization
Addoz P: Med-O-Wheel devices
S: Med-O-Wheel reminds the patient to take the medication
on time and regularly
http://www.addoz.com
Zephyr P: Zephyr wearable belt
S: Zephyr measures heart rate
http://www.zephyr-technology.com

Elsi P: Elsi safety floor
S: Elsi increases safety of the elderly by reliably recognizing
if the fall occurs and generates alerts
http://www.elsitechnologies.com

Everon P: Everon Safety bracelet

S: Everon tracks the location of elderly and delivers
automatic alarms

http://www.everon.fi

Playground S: PHR service to collect and store personal activity and
health records

http://www.anyplayground.com

Healthcare Center S: PAS service to manage patient profile

Table 2 Definition of objects
Object Definition
Customer Elderly patients who need assistance from caregivers via
packaged caring services Caregivers who are in charge of the
elderly patients via the packaged caring services, such as
nurse or relatives
CSP The role that delivers packaged caring services to the
customers Integrator The role that provides IP and service to
compose other organizational applications

PV The role that provides assisted caring devices

TSP The role that provides legacy back-end system which could
be integrated by CSP, such as PAS and PHR

PS A composite service that integrates device products of each
manufacturer and other back-end services

IP An entity that provides service composition middleware

LA The back-end system which is provided by TSP, such as the

PAS and PHR. These systems are usually enabled via ESB or
RESTful web service by default in the case

SD An entity that is used for sensing, monitoring and assisting
elderly patients

Requisitions. Additionally, those Web interface ought to additionally make adjusted to ip. Starting with
TSP’s purpose from claiming see the TSP as a rule empowers legacy provision (LA) by means of endeavour
administration transport (ESB) alternately soothing web administration. Thus, those interface from claiming
TSP if make adjusted on ip. Clinched alongside general, those configuration paradigms for those sd combination
schema Might a chance to be summarized in distinctive facets.
€ Complexity: the interface for sd if be basic Also light-weight on fit under the compelled earth from
claiming installed framework. It intends An low intricacy for gadget interface.
€ Flexibility: those granularity from claiming administration Might a chance to be whichever coarse grained
alternately fine grained as stated by specific necessities. It methods a helter skater adaptability for decisions
to integrative squares.
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€ Compatibility: An procedure Might incorporated both cleanser based and soothing web benefits with
separate information formats. It implies helter skater similarity between diverse interface designs.

@ Agility: regular business procedure Might make rehashed should other techniques Furthermore benefits. It
intends a great dexterously on adjust of the variety of business methodology with lesquerella. Change
exertions.

€ Interoperability: toward the gadget level, those sd if offer a uniform interface design On in any case of the
heterogeneity of underlying specifications, which intends An helter skater interoperability about diverse
SDs.

V.  Web-based two-layered coordination schema.

In this section, we introduce a cement two-layered joining construction modelling centring ahead
leveraging those profits of existing Web innovations and taking them with An next level of integrative. The
ideas about “two-layered” in this article imply those gadget layers and transform Layer, Concerning illustration
indicated clinched alongside figure 1. During those gadget Layer, those Web passage may be the centre that it
will span distinctive sorts for sensors, actuators, and different SDs under the Internet, and every last one of
information Furthermore abilities of the gadgets Might make abstracted similarly as Web assets furthermore
enabled Concerning illustration web administration apis. We accept that the units need aid given also impacted
by third-party vendors. It implies that their results need aid legacy infrastructures with separate proprietary
determinations and they Might not specifically make associated with those Web; consequently these units ought
to unite with the Web by means of Web passage. Those primary layer coordination keeps tabs basically on the
limit the middle of physical What's more advanced realm, and the yield for it will be those fine-grained building
square for Web provision In view of sd which Might be called SDS. Toward this layer, the SDs will bring An
uniform Web interface that Might decrease those underlying heterogeneity about gadgets. In the methodology
Layer, those business methodology middleware may be those centre that it will deal with those benefits of the
business methodology displaying and execution, thereabouts it will bring physical majority of the data
incorporated under A percentage benefits of the business transform Around organizations for different back-end
benefits Toward the benefits of the business transform motor. Those second layer joining keeps tabs principally
on the limit the middle of delicate advanced asset and benefits of the business services, and the yield is those
expansive grained web-based fabricating pieces with a greater amount unpredictable benefits of the business
methodology which Might be called benefits of the business transform administration (BPS). In this layer, those
SDs will a chance to be coordinated circuit with one another What's more other legacy business requisitions
under procedure and the coordinated circuit transform will a chance to be reused Likewise another
administration on different techniques. So, bps squares are assembled on handle regular complex undertaking
for business use Also methodology Might a chance to be added, replaced, or evacuated rapidly Similarly as
secluded obstructs.

5. 1. Gadget layer integration:

Soothing WoT passage. Those soothing WoT passage extensions the non-Internet right physical units
of the web What's more abstracts those information Also ability from claiming these gadgets under
programmable Web administration API. So, the passage Might straightforwardly gatherings give nuclear web
benefits to other administration buyers with transparency of device’s underlying innovations. In the gadget layer
integration, soothing design style ought a chance to be took after due to its light-weight, inexactly coupled,
Furthermore institutionalized Characteristics. Since A large number such units generally the table rather
straightforward Furthermore nuclear. Functionalities (e. G. , perusing sensor values), displaying them utilizing r
will be often direct. The soothing Web administration need exactly essential regulations: (1) URI Likewise those
ID number of the resource; (2) http Likewise those requisition protocol What's more http strategy (GET, PUT,
POST, and DELETE) as uniform interface for normal semantics for administration invocation; (3) numerous
representations (data formats and networking types) for the resources;.
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Figure 1 Integrating legacy device into business via two layer approach: device and process layers.
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(4) hypermedia Concerning illustration those motor of requisition state that asset associations could
unequivocally make rendered as hyperlinks (i. E. , pointers should URIs). Therefore, we contend that An light-
weight web server to the http connectivity may be vital Likewise those correspondence design for soothing
interactional. Besides, there exist distinctive sorts about units Gave Eventually Tom's perusing separate
Producers and the principles to the information formats would different. Hence, there ought to be An uniform
information model to data trade during those gadget level, and the interface of the WoT passage ought further
bolstering deliberately a chance to be intended Eventually Tom's perusing Emulating those information model.
Likewise figure 2 shows, those internal segments for passage hold (1) plug-in drivers that speak with gadgets for
heterogeneous protocols; (2) installed database that caches information from the devices; (3) installed web
server which gives http association and administration container; (4) soothing middleware that give acceptable
soothing web administrations Furthermore control rest associations. Those soothing web benefits Might
straightforwardly be conjured both by end-user for Web2. 0 mash up What's more administration arranger to
business transform.

5. 2. Transform layer integration: administration arrangement what’s more bpm middleware. Business
procedure is depicted Also modelled Previously, BPEL Furthermore put away Concerning illustration An XML
documents. A BPEL procedure portrays a stream for associations between the methodology and administrations.
Each communication depicts what part the transform what’s more administrations assume at that venture in the
stream What's more the thing that information cam wood make manipulated Toward the gatherings Previously,
the individuals parts. The BPEL motor Might produce example of the procedure as stated by An sure BPEL
report Also execute the workflows when it will be initialized. At this layer, two fundamental errands ought
further bolstering a chance to be took care of through BPEL engine: (1) tying and invoking soothing web
service, alongside SOAP-based web service; (2) empowering those regular benefits of the business transform as
An administration.

5. 2. 1. Web administration connector.

Conventional BPMs at present are all In light of those detail for WS-*, for example, WS-BPEL and
WSDL 1. 1 [4]; same time device’s competencies are uncovered to soothing web administration during those
first-layer integration, Furthermore a soothing web administration Might not be well portrayed Eventually Tom's
perusing WSDL 1. 1 (though soothing web administration Might a chance to be portrayed Eventually Tom's
perusing WSDL 2. 0 [17], the WS-BPEL Might not be perfect with WSDL 2. 0). Therefore, current BPEL
motor Might not tie Furthermore conjure a soothing web administration unless an development will map
soothing web administration to WS-* web administration by means of a connector. Web administration
connector (WS-Adaptor) will be the http interface about business methodology engine, and the stage Might
expend soothing web benefits with a inside SOAP-based invoking by means of the connector. Those elementary
capacities of the WS-Adaptor are (1) conjured Toward business transform motor in cleanser message will need
WSDL 1. 1 bindings; (2) interpret http message under cleanser message Also the other way around Eventually
Tom's perusing http connector; (3) representational exchange from different formats (JSON, ATOM) under
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Plain old XML (POX). For the operations of RESTful, web benefits would In view of four http methods; so, an
aggregation about fundamental cleanser operation handlers are provided: onGET(), onPOST(), onPUT(), What's
more onDELETE() should guide those cleanser message to http message Likewise indicated over figure 3. To
each sort of cleanser operations, there will be An WSDL format on describe those cleanser handlers. The
message is service-specific which methods the URI tags the deliver of the r interface, the MediaType specifies
those information formats about asset representations, What's more Param speaks to the parameters for An
appeal. At the soothing web administration will be published, a WSDL example for those interface will be
created dependent upon the format with the URI, Media- Type, What's more vital ask for
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Figure 2 Internal structure of RESTful WoT gateway.
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Figure 3 SOAP handler in WS-adaptor.

parameters of a soothing interface. The handlers and WSDLs will be used during the binding and invoking of
business process execution.

5.2.2. Service binding and invoking for device service

Within the framework’s scope, the devices are exposed as RESTful web service via gateways. To
guarantee that a REST web service could also be binded and invoked in the business process engine, an HTTP
binding is processed by the WS-Adaptor and BPEL engine. Figure 4 illustrates the procedure of a service
binding and invoking. If the BPEL engine prepares to invoke a RESTful web service inside its workflow, it will
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bind to the specified WSDL file to check which SOAP web service handler to invoke with URI, representation,
and other attribute parameters. Then, the engine will invoke the handler in SOAP message, and the handler will
invoke the RESTful web service on the gateway via HTTP connector by binding the request to an HTTP request
with URI, method, content-type, and the parameters. The gateway will response the adaptor in HTTP with
representations, and the adaptor will transfer the data into Plain XML and response to the BPEL engine with
SOAP message.

5. 2. 3. Making An BPEL methodology

Concerning illustration a administration to an alternate BPEL transform. With aggravate a procedure
reusable on an additional process, those reused methodology ought to characterize its interface furthermore
tying. Relationship; In this way that those fundamental procedure Might conjure it Concerning illustration An
web administration. We Accept that An transform Might a chance to be. Abstracted Concerning illustration
possibly soothing web administration or SOAP-based web administration. In the transform will be abstracted
Likewise a soothing. Interface, it will make depicted Eventually Tom's perusing the WSDL format which is
characterized in the past segment. The control. Of the transform will a chance to be In light of four sorts about
operations (GET/PUT/POST/DELETE). BPEL characterizes constructs will identify parts Furthermore
associations utilized within associations. The constructs would accomplice join and accomplice join sort. An
accomplice join portrays the parts that An transform Also administration assume and also what information they
might control in that part. An accomplice join is characterized toward its accomplice join kind which depicts the
sort of message trade that two WSDL benefits proposed will do. An accomplice join kind characterizes this
return toward characterizing those parts assumed Eventually Tom's perusing every administration Furthermore
toward specifying the port sort Gave by the administration will get messages fitting of the trade. Likewise figure
5 shown, the point when you define An sub-process Concerning illustration soothing web service, you camwood
select it as An static endpoint reference for an accomplice part of the primary methodology. In the WSDL
descriptor record of the sub-process service, those accomplice connection sort Might make characterized as a
tying relationship the middle of sub-process Furthermore principle methodology. An accomplice join sort might
incorporate you quit offering on that one part or two parts. On account the place an accomplice join sort holds
special case role, there may be no confinement set on the calling web administration in regards to parts. Those
accomplices join done principle methodology BPEL Furthermore sub-process BPEL Might both utilize the
accomplice join sort for its part characterized in the sub-process descriptor. However, those sub-process will use
myRole done its accomplice connection meaning will detail itself with give administration to different
methodology; same time those principle methodology will utilization partner- part On its accomplice connection
definition on define those sub-process Similarly as the outer administration it will conjure Throughout transform
execution. Therefore, At those principle BPEL transform may be running, it invokes the sub-process as stated by
the predefined accomplice link, portType, What's more operation parameters. For a soothing sub-process
invocation, those fundamental methodology will detail portType Concerning illustration “SOAPHandler” and
operation Similarly as “onPUT()* which would predefined in the WS Adaptor.
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| * Maethod

P e e et il ol b + Content-Type
1 * Varlable
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PUT
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. PUT
ohp onPUT()

BPM Engine ;
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Figure 4 soothing gadget administrations tying what’s more invoking.
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Figure 5 invoking an sub-process Toward a fundamental procedure by means of soothing web
administration.

VI.  Utilize Detailed Analysis.

To demonstrate those possibility Also reasonability of the framework, we contemplate on the
utilization instance portrayed clinched alongside segment 3. The majority deliberations of the instance need aid
In view of those animated term home (ALH) venture [18, 19], side one task [20], Furthermore. Valpas
framework [21].

6. 1. Administration What’s more transforms demonstrating. In our elderly forethought case, the old
individual typically experiences annal coronary illness that the heart condition. Ought a chance to be measured
furthermore accounted for. Additionally, they ought to additionally make reminded from claiming taking drugs
on time. Therefore, we model a bundled minding administration dependent upon the necessities. The
administration in this schema might a chance to be an process, sub process, alternately solitary capacity. The
point might have been to model What's more break down those forms What's more benefits down until such An
level about granularity that those administrations could be executed Likewise web benefits. Utilizing this top-
flight approach, the procedure delineated for figure 6 might have been demonstrated. In the model, the elderly
minding procedure is that vast majority. Focal Also most elevated level procedure. The client of the
methodology is those elderly tolerant. That holder of the procedure is. The parental figures in control of the unit.
The occurrence of the procedure is triggered toward an occasion which will be the landing about an. Elderly
tolerant to elderly mind. In the primary process, three fundamental assignments would execute for An sequence,
including minding plan, execution, Also appraisal. Since those minding execution is An normal undertaking to
practically minding situation including a few sub-tasks, for example, such that initializing minding plan,
following patients, recording physical measurements, Also sending occasions of the caregivers, we model it as
An sub process for those fundamental procedure on conjure. The minding execution sub-process will be those
second-layer administration which comprises from claiming procedure steps executed as stated by An
predefined rationale Also which might conjure other coarse-grained administrations. In the methodology
sequence, it will instate those minding want by perusing tolerant profile starting with parvovirus service, screen
and report card tolerant heart rate measurements, Also remind tolerant will take pills. On those monitoring,
reporting, Also reminding errands would additionally. Normal exercises for different minding packages; we
create them together likewise another as a relatable point sub-process. Named checking sub-process. The
checking sub process likewise belongs of the second-layer administration. It may be a. Rehashing decimal
action which will be conjured both toward screen heart rate Also pharmaceutical remind errands in the minding.
Execution sub-process. That first-layer administration in the model may be that gadget administration which
will be furnished Toward the SDs Previously, a soothing web administration by means of WoT passage. Two
sorts of gadget administrations would conjure toward those screening sub-process. You quit offering on that one
will be from Zephyr which will be conjured Eventually Tom's perusing screen heart rate assignment should
measure patient’ heart rate; the opposite will be from Addoz gadget which is conjured by prescription remind
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errand on remind patient of taking pharmaceutical. Additionally, in the observing sub-process, the crude
information from units will sync of the playground’s server Eventually Tom's perusing invoking PHR service,
Furthermore sending over notice messages on both guardians by means of those checking sub-process an elderly
individual through Reminding administration specifically on the Addoz gadget.

6. 2. Reference usage. We provide for An reference usage dependent upon those existing fill in and framework
Similarly as demonstrated over figure 7. It demonstrates. How the WTIF Might practically be constructed.

o P BN =
Service g O"[ ¥ J L J |- J o

Second
Layer
Service

Second
Layer
Service

First
Layer
Service

Medicine Atarm

Figure 6 elderly mmdmg administration and methodology demonstrating clinched alongside a layered
model.

6. 2. 1. VALPAS home WoT passage. In our case, the Valpas home WoT passage may be used to join Addoz
solution gadget and furnish rest. Apis to the joined gadget. The Valpas home WoT passage framework is formed
dependent upon the Valpas framework [21] intended Eventually Tom's perusing mechanization Branch about
Aalto College should make a simple to utilize home integration, safety monitoring, Furthermore disturbing
stage. Those Valpas framework (shown in figure 8) runs once OpenWRT-based linus Pauling passage called
ThereGate [22]. Those gadgets need Wi-Fi, four USB ports, Also coordinated circuit ZWave controller to
remote sensors. USB-ports would utilized for interfacing should ZigBee units like, e. G. , Addoz drug allocator.
Web association is accessible whichever utilizing those inherent Ethernet port alternately discretionary 3G
modem. In the sooner work, we bring produced open fabricating majority of the data return (0BIX) span for the
There Gate. Those oBIX spans gives an rest interface to those There Gate. Thus, the alert notice messages
starting with Addoz gadget Might make sent starting with those passage through soothing interface and the
passage camwood undoubtedly a chance to be coordinated with different data frameworks.

6. 2. 2. Bisexuality portable WoT passage. Bisexuality versatile WoT passage (shown for figure 9) may be
used to join Zephyr wearable cinch with measure What's more. Record heart rate. The bisexuality portable WoT
passage is formed In light of side apparatus [20] which will be an open. Sourball apparatus utilizing bisexuality
telephone will gather information starting with Different therapeutic Also prosperity units Toward interfacing.
Them through Bluetooth wellbeing gadget Profile (HDP). We need actualized an plug-in provision on parse
Bluetooth HDP conventions Furthermore store those information under the SQLite database [23]. With
gatherings give cell phone a web-based nature's domain What's more proficiencies should handle http messages,
An straightforward web server, which will basically handle http solicitation starting with customer and sends
reaction back, ought further bolstering be deployed on it. We contend with pick the iJetty [24] which will be a
open wellspring web server with respect to bisexuality telephone as those web-based surroundings clinched
alongside our case. Additionally, we contend to utilize Restlet structure to bisexuality [25] Likewise whatever
remains middleware On account it gives http connectors, URI routers What's more XML/JSON/ATOM formats
parser, What's more it Might Additionally make deployed done iJetty servlet compartment. Concerning
illustration an consequence, those heart rate estimations from Zephyr gadget Might a chance to be presented
Likewise rest interface.

6. 2. 3. Transform middleware. We have investigated a few discretionary bpm engines, for example, such that
apache tribute [26], animated BPEL [27], Furthermore JOpera. [28]. These engines are formed dependent upon
the WSBPEL. In this article, we concentrate on those new adapters for. Invoking outside soothing benefits
starting with those WoT passage utilizing the http protocol, and in addition once “glue”.
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Figure 7 reference execution of the elderly minding result dependent upon WTIF.
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Figure 8 Valpas WoT passage framework comprises for three fundamental processes: Therefore, Valpas
Server, Also Valpas standard motor in addition with gadget methods.

Adapters to perform nearby computations utilized fundamentally for information change. An expansive
gathering of adapters. (Counting help to customary WS-* services) may be accessible and additional cam wood
undoubtedly make Gave with An plug-in built extensibility component that doesn't influence the fundamental
arrangement dialect. The JOpera for shroud fast piece nature's domain gives a incorporated improvement device
supporting those whole lifecycle of a administration creation. It features a outline perspective, with instruments
for Dealing with An library from claiming reusable services, a visual, drag drop Also connect, earth for forming
them under workflows. You might include your own administration conjuring adapters What's more bundle
them Likewise shroud plug-in, Along these lines JOpera aides you with manage invoking cleanser Also
soothing Web services, and so forth throughout this way, observing and stock arrangement of all
instrumentation may be enchant.

Workflows would aggregate to java byte code for proficient execution. When workflows are
completed, they could a chance to be deployed with respect to An remote execution motor will a chance to be
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distributed Concerning illustration a reusable administration (both open utilizing r Also WS-* interfaces). Thus,
we contend to utilize this JOpera with create gadget benefits with the PHR administration Also Reminding
administration under a following sub-process, and we Might publish this observing sub-process as a soothing
web service, afterward create it with parvovirus administration under An minding execution. Procedure as those
models previously, area 6. 1.

[+ Web Service
Scripts iJetty Web Container
A A

RESTlet Framework ]
m “-SQL syntax

[ HTTP Engine ] s i

=

Module ative APl

0
Bluetooth 3 i /}

Plug-in Adaptor
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Figure 9 bisexuality WoT passage dependent upon side instruments.

HOP

6. 3. Comes about what’s more assessment.

6. 3. 1. Replies to examination inquiries. « how with incorporate the fragmental units with each other, and
additionally with other back-end provisions under a. A greater amount large-grained creation to business usage?
in the real-life elderly consideration use body of evidence about Finland, those. Heart rate screen Furthermore
solution allocator would coordinated circuit under those Web by means of home Also versatile WoT passage. At
those gadget layer combination. Throughout this integration, the gadgets need aid constantly on abstracted as
uniform rest APIl. The modifying from claiming provision In view of SDs is not stage subordinate whatever
more, As opposed to those same soothing interface example. Then, we use An BPEL-based transform engine—
JOpera with r development with coordinate those gadget service, PHR service, what’s more parvovirus
administration under a checking procedure which handles a more unpredictable administration. This joining
certifications those similarity from claiming forming both soothing administration What's more SOAP-based
administration under one business methodology. * how should assurance business dexterously through benefits
of the business process? those way trademark for alarmed benefits of the business may be repeatability. About
transform occurrence which Might give backing should transformed necessities speedier and for lesquerella
exertion. As stated by this paradigm, every last one of gadget and transform administrations are reusable
Concerning illustration another administration will different methodology On our case. Since elderly minding
administrations need something profoundly identified with those screening those elderly persons, in our case,
we need displayed An normal business procedure to diverse checking tasks, not just to heart rate Furthermore.
Medication alarm, as well as Might apply on identifying tumbling occasions Furthermore following area
through those helped gadgets on. Table 1. The point when the elderly patients might want should augment the
minding want for falling identification What's more area following under those administration package, the
minding administration supplier (CSP) if main reuse those observing transform Eventually Tom's perusing.
Invoking tumbling identification Furthermore area following tasks, anyway not will update and redevelop new
assignments for identifying. Tumbling occasions and following areas. Moreover, those adjustment from
claiming following procedure won't influence the. Rationale of the minding execution transforms who invokes
it.

6. 3. 2. Correlations. As stated by those outline paradigms for sd integrative in distinctive facets, we will assess
our deliberations Eventually Tom's perusing comparing our schema for other related study stated done segment
2, and the outcomes would demonstrated clinched alongside table 3. Interoperability WTIF gives a soothing
web interface for sd In the 1st layer coordination. Same time WoT. Result additionally proposes to utilize r with
Fabricate a “universal” API for inserted units. Thus, both two methodologies provide uniform correspondence
channel (HTTP protocol), operation interface (HTTP method),. Furthermore 1D number (URI) to control on the
asset for units. SOCRADES leverages DPWS will. Empower gadget interfacing with high-keyed middleware
for WS-* Institutionalization. It additionally shields those underlying heterogeneity about units. Soothing bpm
result will be not particularly intended for coordination device, Anyway coordination general soothing web
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administration under business transform. Intricacy WTIF, WoT solution, and soothing bpm result need aid the
sum utilizing r will unique administration. Same time r administrations need aid great adjusted for rather nuclear
services, consequently spread a reasonable and only the fundamental administrations advertised Toward inserted
units. Thus, for light-weight Also more end-user-oriented applications, the soothing methodology offers critical
points of interest for example, such that simplicity, immediate Web integration, Also loose-coupling. The
SOCRADE may be.

Table 3 Comparisons between WTIF, WoT, SOCRADES and RESTful BPM in different facets

Integration facets WTIF WoT solution SOCRADES RESTful BPM
Interoperability N N N -
Complexity Light Light Heavy Light
Flexibility N X N N
Compatibility N X X X
Agility N X N N

based on WS-* service. According to our own experience and of others [26], in traditional integration patterns
based on WS-* Web Services, we suggest that WS-* services are to be preferred for highly complex real-world
integration and rather static use-cases, such as those involving complex business processes or those requiring
high reliability or security. Flexibility WTIF designs for an integration approach not only at the device level, but
also at the process level. The approach guarantees that the services could be based on the atomic functionality of
device or involve with complex business process. SOCRADES is aimed at connecting device to the legacy
enterprise applications, such as ERP by SOA approach. It also provides composition of atomic device service
into a complex business process. RESTful BPM provides mechanism of abstracting a business process as a
RESTful web service. It means both a fine-grained function and a coarse-grained composed business process
could be a RESTful web service reused by others. While WoT solution only proposes to abstract device function
as an atomic service without further composition. Compatibility WTIF is designed based on a REST adaptor
with the extension of traditional BPEL engine. It guarantees that it could compose both RESTful web service
and WS-* web service into one business process, thus the devices could be integrated with other enterprise
applications. SOCRADES mainly focuses on WS-* web service composition; while RESTful BPM solution
mainly focuses on RESTful web service composition. WoT solution does not talk too much about composition
of services based on device in its concept. Agility WTIF, SORCRADES, and RESTful BPM are built based on
BPMS. It provides modelling repeatable process service to other process, and some common process with
complex logics could be abstracted. Thus, it is not necessary to build all the service from device level to the
higher level once the requirements change. WoT solution is more suitable for a static and simple scenario.
Building highly complex real-world integration based on WoT solution needs reorganizing and reconfiguring
the atomic device service case-by-case. It is not agile enough for the shifts of requirements.

6.3.3. Key findings

On the basis of the use case study, we have found several benefits of WTIF within and beyond technical merits

that:

€ WTIF is a truly flexible integration framework for SD to build intelligent enterprise applications but not
only for end-user oriented mash up applications. It provides uniform light-weight web interface for device,
supports for service composition of device services (REST) and other web services (WS-*), and makes the
common process as reusable service to device and business applications.

€ WTIF is an agile integration framework for SDs which could adjust the quick variation of the business
requirements. By modelling repeatable generic process, the service providers could reuse the common
functions to implement their own services based on devices with little efforts.

€ Based on WTIF, the decision could be made loosely coupled with the running process at the process level
for automatic processes and intelligent services. Based on a BPMS, process could execute automatically
according to the predefined rule which facilitates the intelligence of service.

€ WTIF saves the integration and maintenance cost for IoT SMEs. Development of intelligent applications is
eased by web service technology, and the service composition middleware facilitates the mash up of
physical resources and other back-end services. IoT manufacturer and 10T service providers need only
focus on the business process modelling.

€ WTIF provides new possible business model. In this framework, there are several customer segments, such
as device manufacturers, IP provider, service providers, developers, process modeller, and end users, who
will organize an 10T industry ecosystem. And the value proposition could be based on the exact services
delivered to the end users, the technical provider devices and software, reused services, and the service IPs.
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VII. Conclusion And Future Study

In this article, we have introduced the WTIF, a Web based Two-layered approach for integrating SDs. The
framework is targeted for integrating heterogeneous SDs with each other and other back-end applications for agile
business application. Our integration strategy is to use RESTful web services as the main connector technology for
device. Based on it, we use a compatible BPM middleware to compose the RESTful device service with other WS-*
back-end service into process. With a real-life use case study on elderly care in Finland, we illustrated how to use the
proposed approach to solve the issue of the practical case. Compared to the related study, the main advantage of the
proposed approach is that it unifies the application interface of legacy devices in a simple way, and makes the device
integrated into reusable enterprise process service for business usage via compatible and agile business process
middleware. Our next steps include integrating the reference implementation in a bigger setup and testing it with more
production systems and quantitative evaluations. And from research perspective, since the RESTful web service does
not support asynchronous communication and devices are dynamic and sometimes transient during the service
composition, we will focus on how to provide asynchronous message and real-time notification for event-driven
process based on devices, and see how life-cycle of dynamic device service could be managed.
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