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Abstract — Recently, more and more patients are treated in
their homes by multiple health and social careactors, from
different organizations, public or private, charactrized by
their mobility and their schedule variability. In t his paper, we
investigate the difficulties inherent in home carecollaboration
related to communication, process orchestration anglanning.
To handle these kinds of difficulties, we present w
coordination platform called Cyber Management of Etlerly
and the Disabled (CyMED), whose ambition is to use mix of
cooperation and process oriented tools, in order ttacilitate the
cooperative work of health and social care actorswith this
approach, we aim to highlight the importance of orgnizational
aspects in the context of homecare.

Keywords-HomeCare; Coordination; Flexible Workflow;
Declarative Workflows; Healthcare social network.

I.  INTRODUCTION
Recently, healthcare in industrialized countriesfasing

great challenges regarding the increase in therlglde

population and people with chronic diseases whezjuire

monitoring and care management on a long-term H&kis

[6]. Consequently, industrial countries have tooregle
different goals: improving efficiency, personalipat and
equity of healthcare delivery while limiting finaat
resources [5]. Nowadays, to handle this issue, namre
more patients are treated and taken care of ir then
homes. Home healthcare (i.e., homecare) includdwalth
services (e.g., medical, para-medical and nursiaggial
services (e.g., domestic home-help) and finanaalises
(e.g., insurance) provided for the needs of theephtat

the last few years, many European or French pmjeatve
been developed for the homecare improvement [Skt\db
these projects focus on a dissemination of teleioing
solutions via an extensive use of sensors and sohot
home, leaving issues related to process (coordimgati
aspects unanswered [5] [12]. From our viewpoirg, ieeds

of homecare stakeholders are more focused on irmgrov
the organization and the coordination of theirnatiis than

on increasing the use of telemedicine at home [d].
particular, managers from different homecare ogions
need to set up common goals and routines for cmiédlon

at the operational level and means to follow-up dhality

of delivered services [14]. In this paper, we explturther

the needs for collaboration between different heahd
social care providers, relying on interviews, sys/end
scientific literature. To handle the coordinatissues in
homecare, we are developing a platform called Cyber
Management of the Elderly and the Disabled (CyMHED),

the orchestration of the different kind of homecseevices.
The suggested solutions are based on a patienpracdss
oriented perspective to emphasize the importanceéhef
organizational aspect. The remainder of this pajser
organized as follows. Section Il presents the chffié types

of homecare processes. Section Il presents ouoapb to
define and orchestrate homecare processes. Neat, th
CyMED platform is presented in Section IV. Sectigh
presents a survey of healthcare social networks and
platforms existing in the market or from researcbjgrts.
Finally, section VI concludes the paper.

home [14]. Moreover, modern homecare propose new Il HOMECARE PROCESSES

technological services (sensors, robots and apijglits) to

monitor patients at home [1][5][6]. Homecare seegic

Compared with hospital-based care, Homecare inteslu
new functions, new activities and new actors (sashhe

(human, technique, technological) are often dedider family, the coordinator, the equipment provider) time

completely independently by stakeholders belonging
various organizations from the public or privatectees.
Family members and relatives are also involvechandare
delivery [14]. Consequently, the collaboration atite

coordination get more complicated between the haneec

providers due to the fact that they belong to oéfe
organizational units often with different organipa@l

process of care (see Figure 1) [1][6]. The only mseaf
communication  between the different homecare
stakeholders is a simple physical notebook whereh ea
stakeholder notes the date of the visit, the astfmerformed
or the patient health’s change [3][4][17]. A multle of
other information media may also be used: medieebnds,
social service records, fax, telephone, etc. Indebé

structures, goals, knowledge, way of working andcooperation of these stakeholders is asynchrorinae they

responsibility regarding health and life privacy [8]. Over
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communicate rarely directly or meet face to facé].[1
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Moreover, homecare stakeholders differ widely rdijay  influenced by the experience and the knowledge hef t
their way of working, need of information and teidmh  stakeholders (i.e., knowledge-intensive proceg3gs)

skills. For instance, healthcare providers arenoftemputer
literate and possess their own information systeppert.
On the contrary, social providers and elderly pedphve
often little computer literacy and may be reluctemuse a
computer-based system in their daily work.

Medical
Services

From our study of the activities in the field ofrhecare, we
deduced that homecare processes are by nahtee-
organizational, collaborative and ad-hoc We distinguish,
principally, two types of homecare processes [4]:

C. Dynamic processes

Homecare processes require continuous adaptation of
their structures due to the change in laws and er®cols.
They also need to adapt their behavior when exaegiti
situations occur (arising from human or materislies) [9].

Medico-social D. Time constrained processes

PRIVICES There are different types of temporal constraints o
homecare processes: scheduled tasks (with a fieedasd
end date), unscheduled tasks (e.g., when a phiysioiasults
blood test results) and tasks with frequency owvee {e.g., a
patient need two nurse visits per week for threatis).

. E. Regulated Processes

ervices

The homecare domain is governed by general rulds an
constraints related to healthcare protocols, detagy and
actions’ traceability.

S

Relatives,
friends

I1l. A FLEXIBLE WORKFLOW APPROACH TO MANAGE
HOMECARE PROCESSES

There is a need for technological support in cdiigp and
Financial monitoring homecare processes to increase theaieafty

Insurance,
Financers

Social
Security
/ Services

Organization

. and ensure the continuity of care. Workflow tecloggl is
_ potentially a means for achieving this end. Givédmre t
Figure 1. Homecare ecosystem specificity and the inherent flexibility of homeear

processes, we selected the Yet Another Workflonguaige
(YAWL) workflow management system for the
coordination of work among homecare participant8].[1
We justify the choice of the YAWL system as follavisrst
of all, YAWL is an open source academic system asd

An organisational care processvhich encapsulates . . : ;
administrative and logistic sub-processes and ean bmodelllng language is very expressive. In particurawL

broken down into several phases: patients’ requesé”owS F"Ode'”.”g. and _implementing cancella_ltion and
and admissionsrganisation of care processes (e'g.,multlple instantiation of tasks (e.g., shared tasksich are
the elaboration of care plans and patients,often encountered in homecare processes (see FRure

discharges) and support processes (related to theeCond, YAWL offers unique support for flexible pesses
logistical, financial and quality aspects). through the use of worklets’. In this way, specific
A care process made up of day-to-day care activities, whose implementation is left open, larked to a

activities delivered at home by nurses, doctorsfepository of possible actions (i.e. worklets). &hson
social services or the family’s patient members. contextual information, the desired action is clmos&lso,

Managing this kind of processes with traditionalduring enactment it is possible to add new actitnshe
workflow systems is complex due their following tises  repository. Finally, YAWL offers a link to the wditkw

[1](3]:

A. Personalized processes

engine DECLARE [13] which allows the enactment of
loosely structured processes. DECLARE provide péver
ways of supporting éxtreme” flexibility because it uses a

Although, homecare administrative and logistic psses declarative constraint-based approach. In this way,
are generally well-structured and often repetiti@re DECLARE allows specifying in a process model what
processes are, on the contrary, unstructured aydspecific  should be done and not how to do it, using a seasks and
to each patient's heath state and environment. constraints between these tasks. The users carutexec
B. Collaborative Processes activities in any order and as often as they waut they are

Homecare processes and responsibilities are klistd
over multiple participants, with their own goals dan
procedures, working together to achieve a commgectie

bound by the defined constraints. Furthermore, DERE
also supports dynamic change, so that it is passibl
deviate from the pre-modeled process template dingdbr

(the wellbeing of the patient). They are also sitpn removing tasks or constraints. YAWL and DECLARE twor
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together in such a way that structured parts ofpiteeess
are handled by YAWL while unstructured parts aredbed

by DECLARE. In addition, DECLARE supports decision
making by providing the users with history based
recommendations [15] during process execution us#isg
link to the process mining tool ProM [8][11].
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/
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Figure 2. Symbols used in YAWL.

We llustrate the suitability of YAWL for homecare
process enactment through a simplified medicalgpiftson
process, depicted in Figure 3. After the prepanatib the
required medicines, the delivery is organized iffedént
modes depending on the patient’s context (e.gk pic -
medicines from the pharmacy or home delivery). Vdedu
theworklet service for modeling the different delivery mode
by linking a multiple atomic taskMedicines delivery” to
the worklet service. After the diffusion of a medical

A

| ) DECLARE Designer
Model System Window Help

Bc 2.0Treatement 7 B
Work | people | data |
.| | =% conbec alals
Check blood pressure | | Ask for the drug tolerance

Give breakfast

N Treatement

Medecies\, ™.

TN N Supervision
=\ ="

e Becin-
Medecine Y~

Pilbo Allng ¢ ,—
A1
Give-

Medecine X | )

Medecines
eparation

Prescription

Wait Medecine X

Prescrigtion
cancellaion

Figure 3. A simplified prescription plan

IV. THECYMED PLATEFORM

CyMED target architecture
The architecture of the CyMED platform is basedton

following main components (see Figure 4):

A multi-modal communication system, combining
tablets, PCs, TVs, fax and telephone. Information
sharing may be via email, chat, audio messagesgleov

meetings.

prescription, at any stage of the care procesds, ppssible a ‘ - | &8 | !
for a doctor to cancel the care plan and to resdlRed | Fetientdevicesofconnection Health care prvider Relatives, ‘
another one via the cancellation taskréscription _ I My  m P e
cancellation”. During a treatment, a supervision of a patient == o e |2 e e il o | E"%EE’SEL
is organized, illustrated by theomposite task ‘Treatment =~ e — s T
Supervision”. This task is linked to th®eclare service. In (_Jf\f; g il e
this way, it is possible for the homecare partioigato E58 Brrepree o= il

execute their assigned task€lifeck blood pressure’, “Ask — pravorm (| rerine/ o e —

for drug tolerance” and “Give breakfast”) in any order as et Mansgement

long as they respect the constraints defined osettasks. It ) TR T

is also possible to dynamically add or delate tasksthe E— O ek

fly. Despite the expressive power of the YAWL syste ETITET |

which make it one of the best candidate to orchestr Jc\_ﬁ/L

homecare processes (structured or loosely strut)utteere Database

are some limitations: YAWL is an academic workflow U

management system therefore we need to teste its Figure 4. CyMED overall architecture

limitations for implementing real-life workflows. He
predefined rules’ templates embedded in the DECALRE
system can'’t express temporal frequency constréims a
task has to be redone every day, once time, dariwgek). -
The DECALRE designer may also seem not easy tdarse
homecare participants to add and remove tasks dgafyn
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A flexible workflow management system (YAWL
system) to orchestrate the different services.

An Enterprise Service Bus (ESB) which guarantees th
interoperability and integration of the data sosremd
applications.
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The CyMED platform will also be connected, whenchat and video meeting accessible by all the merober
deployed, to diverse medical applications and te thpatient's community.

National Electronic Health record in France, callEM.

The DMP was designed to enable coordination based o

medical data sharing. However, we believe thatficient
coordination of homecare patrticipants can be doig da
an integrated approach using advanced technoltwiekta
sharing, communication, and process orchestration.

B. CyMED main services

Let us note that the CyMED platform
construction and a first version containing the ltheare
social network is already available. The main fioralities
of our platform are the following:

The healthcare social network

CyMED encapsulates a collaborative social networklhe to-do-list functionnality

The tasks assigned to each member of a patient's
community are managed via theedo list functionality (see
Figure 6).

tailored to homecare services coordination and axgé of

information. Each community is private and is bailbund

one patient. It may involve the patient’s relativeemecare

professionals and different organizations (labaies

hospitals, insurers or coordination centers). A inenmay
have several profiles depending on the communitgreh

he/she belongs. For instance one person may b&dhin
the community of the patient A as a relative ansb dbe

invited in the community of another patient B as

healthcare professional. Each profile has accespdaific

| zModfy | 3 Delete 2 Send
functionalities of the platform and has differentess rights |
on the information displayed on a community. Thare Afecedto several posples » it iy
also different means to communication between traes K== B G
community members via text, audio or private messag 1:_'5] Sty | s S
(see Figure 5).

P

Dashboard

Search Q] <€ g & ﬂ ‘!l Q>

Miss Cairns liaison notebook :

21/10/2014

15/10/2014

Message status : not listened

Tache a fare a0
To dolist > I

Archive | Delete |

13/09/2014

The patient does not like the morning 's appointments

Figure 5. An example of a patient’'s community wa8er interface of
healthcare professionals)

The voice messenger is a functionality proposedun

Personalized Human Machine Interface

Our goal is to design a Human Machine Interface itha
customizable (color, text size and font, etc.) adgustable
to the patients’ deficiencies and loss of autonoatypne
hand, and to the responsibilities of homecare @péits,
on the other hand. For instance, we have workedhen
specification of a personalized and adaptable ensninder

is under service used by the patients and the homecareipartis in

their daily work. This service allows customizirggr type
of events and per profile: the reminder type (sowmslial,
contacting a relative, etc.), the frequency, are rdminder
message content (key information to be transmitted)

] | sortby =

Check for proper consideration of drugs

r
*** affected to Dioctor Viadimir

+ Task Performed the12/12/2014
MNote - The patient can not tolerate the anb-inflammatony

Constants Affected to several poeples > List Display
« Task Performad the12/12/2014 ., by Doctor Stinger
Note * None

4

My personal
information

>Modfy | > Delote >8end

Figure 6. An example of a to-do-list (user integf@d healthcare
professionals)

This to-do-list acts as theorklist of the YAWL engine
and acts also as an interface between the DECLARE
designer and the DECLARE engine. Using such a To-do
list, a homecare participant or a patient, may raefand
assign tasks or care plans (if they are healthcare
professionals) to other members of the same paient
community.

Social networks Key Performance Indicators (KPIs)

The homecare system in France is funded by regional
public units which need to be reliably informed thie
involvement, interaction and service efficiencyhoimecare
participants. To answer these kinds of questiong, w

platform to improve communication among homecarddentified the following list (table 1) of key perimance

participants, allowing them to record voice messafgem
their mobiles devices. We also propose a systeprivhte

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-384-1

indicators (KPIs) which allow measuring the engagetn
and service levels of a patient's community on @y®dED
platform (see Figure 7).
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TABLE 1.

DETAILED LIST OF SOCIAL NETWORKSKPIS

views on its details. The planning service can gisavide

Social network | Number of contacts with a direct relationship with ~ OPtimization functionalities if the users want tptiize
Capital the patient. It is measured by yearly total volushe their daily scheduling. In this case, severakcidt are taken
contacts, vol. and % of contacts / catec into account expressed in terms of: unavailablavailable
Number of Number of contacts categories within a patient time slots per type of service availability perogeaphic
social network | private community with no contact. It is measured . ! . , .
gaps by total volume of contacts categories with| O areas, ar!d d'Stan(_:e between appomtments_ Iocat&h(_)_slf
contacts per private community. an appointment is cancelled, the planning servidk w
Patient Number of patient health abnormal data requirjng  propose to a homecare participant the nearestq;gow'/ho
medical data actions to be taken, e.g., number of medicatipns -gn replace him/her, relying on a homecare pasitip
exceptions administrated but not taken. It is measured byydail locator
total volume of exceptions notified. ’
Level of Number of new events submitted by private
community community members. It is measured by monthly .
engagement total volume of events generated by a category of C- IMplementation
the Com_'t“U”'ty or by a member of the private CyMED platform is based on a Service Oriented
community h : - .
Quality of Share of alerts and/or tasks managed and ArCh.IteCture (SOA) architecture using an Enterprise
service completed by the private community. It js oervices Bus (ESB). We have chosen to use ESB
provided by measured by monthly total volume of manaded architecture in order to have a flexible architeetallowing
the community | alerts and total volume of completed tasks by the easily plugging of new applications, data sourced aweb
community, or by a category of the communitylor a5 The standard parts of the social netwoilk ve
by a member of the communi

Agenda Communication Ale

rt

s Tasks Information
atio Update ¢ Patient

&

Total
number
of
interactions
per year

7%

120

Level of engagement may be measured at the scale of
the whole private community
» acategory of the community (e.g. doctors)
» amember of the community (e.g. the patient’s son)

I8

High level of community engagement and interaction: 720 interactions/year

2. Predominant use of information and meetings set-up: 80%

Figure 7. Social networks KPIs- Patient networkoire ment level

Health monitoring and detection of loss of autonomy

CyMED will encapsulate a monitoring system in order
to detect alarming situations (e.g., falls) or alegradation
of the patient’s status (e.g., loss of autonomye @etection
of loss of autonomy is based on information rembrbg
different types of sensors (weight, fall detectigpuwer

generated from the framework LifeRay. The presenat
layer will be provided by the Apache Web servereTh
processing layer and the business services aredpby
the J2EE application server (Tomcat), communicatiizy
asynchronous messaging. These autonomous serviees a
integrated on an ESB (e.g., Mule) controlled amgusaced
by the workflow engine YAWL. A secure connectiolyda
protocol (Secure Sockets Layer - SSL) will be used
ensure the environmental safety of the platformwill
allow the encryption of the connection and alsorgotee
authentication through the use of cryptographyalyn to
ensure the interoperability of data exchange beatwibe
different services we are going to use internationa
healthcare standards, such as DICOM (Digital Img@ind
Communications in Medicine) and Health Level-7 (ML7

V.

The issue of collaboration and coordination between
homecare participants was treated by few Europeajeqgts
and studies [2][5][14][12][17]. For instance, in6[lthe
authors suggested a number of methodological mesisund
IT solutions, to support organizational developmenid
coordination on both the managerial and operatitsadls.
However, no solution was implemented. In [6], twesign

RELATED WORKS

consumption, etc.) or questionnaires from the p&ie concepts were presented to improve homecare caiatin
caregivers, social providers and relatives. The EPM based on a voice messenger and on augmented pager. b

platform will introduce flexibility in alert diffusn by
allowing: (1) to customize alert thresholds peligydt (2) to
adapt the alert diffusion process depending orp#tents’
context and the availability of his/her member camity,
and (3) to cancel alert diffusion process any time

authorized homecare participants.

Planning service
The CyMED platform encapsulates a scheduling servicpeople needs was proposed in [17]. This approdisren

to organize the appointments and events of themtatiand
all the homecare participants. A patient agendahiared

However, the proposed approach focus on enhancing
communication rather than improving homecare preEeSs
enactment. A model of coordination for homecarecpsses
was proposed in [4] based on recursive descrigfactions

and shared reference. However, the proposed cadiatin

model is not flexible and therefore is not adequat@anage
homecare processes. More recently, an approach
automatically adapt the process of homecare foerkid

to

ontology matching between homecare domain and ptsice
of Business Process Modeling Notations (BPMN). The

between all his/her community members with différen drawback is that the produced process models @ifigul
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in BPMN notation which is not adequate to modexifie

or loosely structured processes. Moreover, thisrcguh
doesn’t take into account the agenda of the diffiere [3]
homecare participants when the tasks of homecapses

are scheduled. Social networks approach was also
successfully used in order to ease the accessadithbare

information, collective learning, manage healthditons,  [4]
and crowd sourced eHealth researehtientsLikeMe is an
example of patient-driven healthcare social netwtrét

(5]

encourages information exchange and collaboratsiwéen
patients and doctorsHellohealth (hellohealth.com) is
another kind of social network which enables heaita
providers’ identification and appointments’ managein In
comparison, we can say that the advantage of th&lso (g
network of CyMED is that it combines a communicatio
approach (chat, video, text and voice messaged) wit
process oriented approach (process orchestratianthe
YAWL system). Its goal is also to integrate diffiere
healthcare applications and sensors to facilitz@et’'s
monitoring and the communication between diﬁerent[8]
homecare participants and systems.

(7]

VI. CONCLUSION

In this paper, we present the overall architectfreur
coordination platform, currently under constructievhich
offers a package of services, such as: the orciestr
service (via the flexible workflow management syste
YAWL and DECLARE), the communication service (via a
dedicated homecare social network), and the mangor
service, etc. Future work will involve: (1) Implentang and
deploying the system in real-life environments. (2)
Implementing the optimization planning service aest its
synchronization with the YAWL system [10] when task
and appointments are rescheduled. (3) Defining tcaing
templates for the declarative workflow engine DEQRA
[13] tailored to homecare. (4) Defining a mechanisased
on ontologies and on theorklets service of YAWL to
represent domain knowledge and patients’ contektif2
order to facilitate the personalized constructibhamecare
workflows. (5) Extending the proposed approach with
process mining capabilities applied on real-lifetaddo
extract, analyze and improve running homecare psE®
(e.g., extract homecare best practices) [11]. Magoit
will be interesting to adapt the recommendation lmacsm
(relying on process mining) implemented in DECLARE
recommend tasks to homecare participants followtimeg

patients’ health state contexts, preferences amdt@nts
[15].

9]

[10]

[11]

[12]

[13]

[14]

[15]
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