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ABSTRACT	

Chronic	Obstructive	Pulmonary	Disease	(COPD)	is	currently	one	of	the	most	prevalent	lung	diseases	
around	the	world,	which	runs	an	insidious	course,	measured	over	years,	with	an	often-undiagnosed	
initial	 phase.	 Present	 clinical	 treatment	 approach	 for	 COPD	 results	 in	 repeated	 clinical	 visits	 and	
extended	 hospital	 stays	 burdening	 the	 available	 healthcare	 infrastructures,	 economy,	 and	 also	
impacting	patient	quality	of	 life.	To	alleviate	 this	burden,	modern	healthcare	approaches	 focus	on	
developing	 patient-centric	 solutions	 in	 which	 the	 patients	 should	 be	 able	 to	 request	 and	 receive	
quality	medical	assistance	at	their	convenience,	if	possible	from	their	respective	homes.	

In	this	thesis	work,	a	medical	perspective	on	the	treatment	and	managing	of	COPD	is	first	understood	
in	 order	 to	 enunciate	 the	 functional	 requirements	 of	 a	 developing	 home	healthcare	 system	as	 an	
alternative	to	clinical	treatment	of	COPD.	Thereafter,	an	investigative	study	is	carried	out	to	explore	
recent	developments	in	ICT	technologies	and	their	role	in	healthcare.	Later,	suitable	sensing	platforms	
and	communication	standards	are	 identified	 in	order	to	develop	a	working	prototype	of	a	Point	of	
Care	(POC)	terminal	as	a	proof-of-concept.	

The	POC	comprising	of	a	breathing	training	device	and	a	care	application	running	on	an	android	based	
smart	device	is	used	to	measure	and	monitor	breathing	patterns	of	the	patients	and	motivate	them	
for	better	results	and	continuous	improvement.	An	optimization	exercise	for	low	power	consumption	
is	 performed	 on	 the	 breathing	 training	 device	 to	 facilitate	 additional	 mobility	 and	 long-term	
monitoring	for	the	same.	Through	the	observations	and	evaluations,	scope	for	improvement	in	future	
versions	of	the	device	is	also	identified.		
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1. INTRODUCTION	

Chronic	Obstructive	Pulmonary	Disease	(COPD)	[1]	is	a	term	used	to	refer	to	the	occurrence	of	Chronic	
Bronchitis	or	Emphysema,	one	of	the	most	common	lung	diseases	in	the	world.	It	is	the	leading	cause	
of	disability	in	daily	activities	and	with	over	124,000	related	deaths	due	to	COPD	per	year;	it	has	been	
projected	to	be	the	third	leading	cause	of	death	in	the	United	States	[1].	

The	 onset	 of	 COPD	 often	 goes	 undiagnosed	 resulting	 in	 gradual	 worsening	 of	 the	 patient’s	 lung	
functioning	capacity	leading	to	various	other	complications.	Although	there	is	no	permanent	cure	for	
COPD,	 it	 can	 be	 effectively	 managed	 through	 a	 set	 of	 measures,	 including	 but	 not	 limited	 to;	
monitoring	illness,	reducing	risk	factors,	managing	exacerbations	etc.	Presently,	management	of	COPD	
is	 done	 through	 clinical	 treatment,	 which	 often	 requires	 repetitive	 visits	 and	 prolonged	 stays	 of	
patients	at	hospitals.	Such	extended	stays	and	multiple	visits	affects	the	patients'	quality	of	life	and	
lifestyle	along	with	imposing	huge	economic	burden	on	the	patient	and	the	healthcare	system	itself.		

Recent	development	 in	 the	 field	of	 ICT	has	enabled	major	breakthroughs	and	development	 in	 the	
healthcare	sector.	Advancement	of	wireless	sensors,	communication	platforms	&	protocols,	Internet	
of	Things	(IoT)	are	facilitating	major	paradigm	shift	in	the	healthcare	industry.	Remote	monitoring	and	
diagnostics,	telemedicine	etc.	are	gaining	momentum	and	finding	new	applications	at	a	rapid	pace.		

Modern	 healthcare	 is	 witnessing	 a	 gradual	 shift	 in	 its	 approach	 by	 focusing	 on	 patient-centric	
solutions,	wherein	the	patients	are	provided	with	the	flexibility	of	requesting	and	receiving	quality	
medical	assistance	at	their	convenience,	if	possible	from	their	respective	homes.	Home	healthcare	is	
one	 such	 patient-centric	 approach	 that	 appears	 to	 be	 an	 economically	 viable	 alternative	 in	 the	
treatment	of	chronic	COPD	patients.		

Research	 work	 in	 this	 thesis	 is	 originated	 with	 the	 key	 objective	 of	 exploring	 ICT	 enabled	 home	
healthcare	solutions	as	an	alternative	to	the	clinical	treatment	and	management	of	COPD.	In	the	early	
stage	 of	 the	 research,	 an	 extensive	 investigative	 study	 is	 performed	 on	 two	 broad	 areas:	 1)	
Understanding	COPD,	its	impacts,	and	treatment	options.	2)	Understanding	and	exploring	of	the	role	
of	ICT	in	healthcare,	identifying	means	to	develop	a	home	healthcare	system	for	the	management	of	
chronic	COPD	patients.	

The	investigative	study	consisted	of	literature	survey	on	various	studies	involving	above-mentioned	
topics.	 These	 studies	 reveal	 numerous	 clinical	 treatment	options	 available	 for	managing	COPD.	As	
having	pointed	out	earlier	that	repetitive	visits	to	the	clinics	burden	the	patients,	need	for	patient-
centric	 approach	 in	 tele-health	 based	 management	 of	 chronic	 diseases	 followed	 by	 ideal	
characteristics	of	a	home	healthcare	system	for	COPD	management	is	enlisted.	

ICT	 technologies	have	 found	numerous	applications	 in	all	walks	of	 life	due	 to	 their	 versatility.	 The	
literature	study	focusses	on	role	of	ICT	in	healthcare	and	aims	to	explore	pioneering	work	in	this	area	
along	 with	 new	 developments	 in	 frameworks,	 communication	 protocols,	 sensors	 etc.	 With	 the	
abundance	 of	 smart	 devices	 in	 the	 home	 environment,	 their	 role	 is	 also	 studied	 to	 find	 ways	 to	
integrate	them	to	administer	home	healthcare	technologies	through	easier	means.	Rising	concerns	on	
privacy	 and	 data	 security	 is	 also	 addressed	 since	 medical	 information	 is	 often	 sensitive	 and	
confidential.		

Based	on	the	findings	of	the	investigative	study	conducted,	in	the	later	part	of	the	research,	a	working	
prototype	 of	 a	 Point	 of	 Care	 (POC)	 terminal	 is	 developed	 as	 a	 proof-of-concept.	 The	 device	 is	
developed	with	 the	 intention	 of	measuring	 patients’	 vital	 signals	 for	 remote	monitoring	 of	 health	



status,	making	them	aware	of	their	progress	and	providing	remote	diagnostics	leading	to	a	patient-
centric	care.		

This	device	is	evaluated	and	an	optimization	experiment	is	also	performed	to	assess	possible	gaps	in	
performance	and	means	to	address	those	issues	in	subsequent	versions	of	the	same	device.	Results	
of	our	prototype	establish	home	healthcare	is	definitely	the	way	forward	as	a	viable	alternative	for	
COPD	 management	 and	 this	 work	 is	 merely	 a	 small	 beginning	 to	 a	 major	 paradigm	 shift	 in	 the	
treatment	of	COPD.		

1.1 Understanding	COPD	

DEFINITION	

Chronic	 obstructive	 pulmonary	 disease	 (COPD)	 is	 the	 term	 used	 in	 referring	 to	 the	 occurrence	 of	
Chronic	Bronchitis	or	Emphysema.	Chronic	Bronchitis	causes	chronic	inflammation	and	scarring	in	the	
lining	of	the	bronchial	tubes.	Emphysema	is	characterised	by	progressive	damage	to	air	sacs	(alveoli),	
which	are	essential	in	the	process	of	exchanging	oxygen	for	carbon	dioxide	in	the	blood	stream	while	
breathing.	 This	 damage	 is	 irreversible	 and	 results	 in	 permanent	 pathological	 changes	 in	 lungs.	
Together	they	lead	to	difficulty	in	breathing,	which	is	characterised	by	chronic	airflow	limitation	and	
degradation	of	lungs.	

SYMPTOMS	

COPD	is	characterised	by	deterioration	of	the	lungs.	Weakening	of	the	lung	function	during	the	onset	
of	the	disease	is	characterised	by	symptoms	such	as	breathlessness	(also	called	shortness	of	breath	or	
dyspnoea),	 cough,	 production	 of	 mucus/sputum/phlegm,	 and	 fatigue.	 GOLD	 report	 [3]	 classifies	
different	stages	of	COPD	based	on	the	observed	symptoms	and	their	severity,	as	shown	in	Table	1.	

Stage	 Symptoms	

COPD	1	(Mild	)		 A	chronic	cough,	sputum	production	

COPD	2	
(Moderate)	

Dyspnoea		

COPD	3	
(Severe)		

Dyspnoea	worsens	with	complication	like	respiratory	
failure,	weight	loss	

COPD	4	(Very	
Severe)	

Wheezing		

	

KEY	STATISTICS		

COPD	is	one	of	the	most	prevalent	lung	diseases	around	the	world	now.	The	statistics	report	of	World	
Health	 Organization	 (WHO)	 [4]	 estimates,	 an	 approximate	 of	 65	 million	 people	 to	 suffer	 from	
moderate	 to	 severe	COPD.	The	American	Lungs	Association	exhibits	 the	National	Health	 Interview	
Survey	on	the	prevalence	of	COPD	and	concludes	that	12.7	million	U.S	adults	have	been	diagnosed	
with	COPD.	The	study	further	pronounces	that	most	of	the	COPD	cases	are	often	under	diagnosed	and	
provides	an	estimation	of	24	million	U.S	adults	to	have	an	indication	of	impaired	lung	function.	

O'Donnell,	Denis	E	et	al.	[5]	claim	under-diagnosis	and	exacerbations	to	be	the	key	factors	of	morbidity	
in	COPD.	Under	diagnosis	of	COPD	remains	a	substantial	problem	and	several	patients	already	have	
advanced	 pulmonary	 impairment	 at	 the	 time	 of	 diagnosis.	 	 Further,	 they	 point	 out	 that	 Acute	



Exacerbations	 of	 COPD	 (AE-COPD)	 results	 in	 an	 escalation	 of	 medications,	 emergency	 visits	 and	
prolonged	hospital	stays.	

Healthcare	societies	and	organisations	around	the	globe	have	estimated	COPD	to	be	the	leading	cause	
of	mortality	and	morbidity.	World	Health	Organization	statics	[4]	confirms	that	more	than	3	million	
people	have	died	due	to	COPD	in	2005,	which	corresponds	to	approximately	5%	of	all	deaths	globally,	
making	COPD	the	fifth	leading	cause	of	death	since	the	year	2002.	This	mortality	number	is	projected	
to	increase	by	30%	in	the	next	10	years,	making	COPD	third	leading	cause	of	death	by	the	year	2030.		

Traditionally	 morbidity	 of	 a	 disease	 is	 measured	 by	 studying	 the	 parameters	 such	 as	 physician	
appointments,	emergency	visits	and	the	rate	of	hospitalisations.	Statistics	on	COPD	by	Mannino,	David	
et	 al.	 [6]	 reveals	 a	 total	 of	 8	 million	 physicians’	 visits,	 1.5	 million	 emergency	 visits,	 and	 673,000	
hospitalisations	in	the	US	during	the	year	2000	for	COPD.	The	statistics	from	these	studies	address	the	
significance	 and	magnitude	of	 COPD	by	 summarising	 the	 prevalent	 nature	 of	 it	 around	 the	 globe.	
These	 studies	 also	 imply	 the	 emergence	 of	 COPD	 as	 a	major	 health	 problem	 affecting	millions	 of	
patients	 by	highlighting	 the	 steady	 increase	 in	mortality	 and	morbidity	 rate	due	 to	 the	 connected	
exacerbations.	

MANAGING	COPD	

The	management	plan	by	GOLD	consists	of	 four	components,	namely:	assessing	and	monitoring	of	
illness,	 reducing	 risk	 factors,	 managing	 stable	 COPD,	 and	 managing	 exacerbations.	 The	 goals	 of	
treatment	in	COPD	are	to	prevent	symptoms	and	recurrent	exacerbations,	and	to	preserve	optimal	
lung	function	both	in	the	short-	and	long-term,	thus	improving	activities	of	daily	living	and	enhancing	
the	quality	of	life.	

COPD	runs	an	insidious	course,	measured	over	years,	with	an	often-undiagnosed	initial	phase.	Direct	
clinical	evaluation	can	help	 in	evaluating	 its	presence,	which	then	can	be	confirmed	physiologically	
through	measurement	techniques	such	as	simple	Spirometry	as	in	Figure	2	1.		

	

Spirometry	measures	the	patients’	airflow	limitations	and	efficiently	defines	the	lung	capacity	along	
with	the	speed	of	airflow	in	and	out	of	the	lung.	The	ratio	of	FEV/FVC1	and	used	to	diagnose	COPD	and	
classify	its	stages	as	described	in	Table	1.		

																																																													
1	FVC:	Force	Vital	Capacity	is	the	maximum	amount	of	air	a	person	can	expel	from	the	lungs	after	a	
maximum	inhalation.	FVC	is	the	forcibly	exhaled	the	air	after	a	maximum	inhalation	by	the	patient.	
FEV1:	Forced	Expiratory	Volume	is	the	amount	of	air	forcibly	exhaled	in	one	second	after	the	maximum	
inhalation	



Patients	with	COPD	may	suffer	recurrent	exacerbations	with	worsening	of	symptoms	and	reduction	in	
lung	 function.	 Moreover,	 exacerbations	 are	 associated	 with	 an	 impaired	 quality	 of	 life,	 reduced	
survival,	and	high	healthcare	expenditure	due	to	increased	number	of	readmissions	to	the	hospital,	
according	to	Garcia-Aymerich	et	al.		[10].	

Lack	of	cure	for	COPD	thereof	necessitates	stable	long-term	management	to	prevent	symptoms.	At	
present,	management	is	feasible	only	in	the	clinical	environment,	which	inevitably	turns	out	to	be	very	
expensive	for	both	the	patient	and	the	hospital.	Apart	from	the	economic	burden	imposed	by	clinical	
treatment,	extended	stay	also	impairs	the	quality	of	life	and	mental	well-being	of	the	patients.	This	
emphasises	the	need	to	develop	innovative	alternatives	to	clinical	management	of	COPD.	

GOLD	 suggests	 that	 home	 healthcare	 would	 be	 a	 promising	 alternative,	 which	 can	 alleviate	 the	
economic	burden	and	also	improve	the	quality	of	life.	

1.2 Research	Motivation	

Industrial	motivation	for	the	research	done	in	this	thesis	work	follows	a	binate	view;	on	the	healthcare	
industry	 and	 on	 the	 society	 itself.	 The	 healthcare	 industry	 is	 overburdened	 from	 an	 economic	
perspective	owing	to	long	hospital	stays,	manpower	allocation	for	treating	COPD	patients	etc.	arising	
from	the	limitations	of	the	conventional	method	of	clinical	treatment	in	the	COPD	management.	From	
the	 social	 perspective,	 the	 patients	 suffering	with	 COPD	 face	 enormous	 quandaries	 and	 often	 are	
discouraged	due	to	the	treatment	costs	and	the	difficulties	in	repetitive	visits	or	long	hospitalization.		

Academic	motivation	of	this	thesis	work	stems	from	the	plethora	of	possibilities	due	to	new	inroads	
and	developments	in	the	ICT	area,	providing	enormous	potential	for	its	application	in	treating	COPD.	
The	 focus	 is	mainly	 on	 investigating	 and	 identifying	 signification	 technologies	 of	 ICT,	 their	 recent	
advancements,	and	thereby	drafting	one	of	the	possible	solutions	for	COPD	care.	

Personal	 motivation	 comes	 from	 the	 interest	 in	 solving	 challenging	 problems	 that	 would	 have	
significant	impact	on	the	society	and	on	people’s	life,	and	largely	for	developing	innovative	solutions	
by	putting	technology	to	use	

1.3 Problem	Formulation	and	Research	Questions	

GOLD	report	[3]	shows	that	home	health	care	would	be	a	promising	alternative	over	clinical	treatment	
in	managing	COPD.	To	begin	with,	it	is	important	to	understand	the	shortcomings	in	the	traditional	
clinical	treatment	of	COPD	and	how	this	can	be	mitigated	through	the	alternative	i.e.	home	healthcare	
for	COPD	management.		

The	proposed	solution	must	also	factor	in	ways	to	overcome	the	challenges	and	impediments	that	the	
patients	 face	 from	 the	 currently	 adopted	 conventional	 clinical	 treatment.	 Knowing	 the	detriments	
affecting	 the	 patients’	 quality	 of	 life	 arising	 from	 COPD	 becomes	 an	 essential	 step	 to	 design	 the	
solution.	The	primary	goal	of	this	thesis	work	is	to	fulfil	the	objective	of	bringing	improvement	to	the	
patients’	quality	of	life.	This	leads	to	the	key	research	question	in	this	work:	

Q1:	How	can	home	healthcare	improve	the	quality	of	life	of	COPD	patients?	

Clinical	care	often	involves	various	technicians	and	skilled	manpower	working	in	cohesion	with	diverse	
technologies	towards	making	patients’	life	better.	ICT	applications	are	constantly	employed	in	clinical	
setups	for	monitoring	the	patients	and	notifying	the	caregivers	in	case	of	any	abnormalities.	In	order	



to	develop	the	said	home	healthcare	system,	logically,	the	next	step	of	work	must	focus	on	exploring	
such	 ICT	 technologies	 and	 its	 recent	 advancements	 that	 could	 assist	 in	 the	 development	 of	 such	
solutions.		

While	clinical	 care	 is	a	well-known	area,	home	health	care	 is	a	new	avenue	which	we	are	heading	
towards.	 It	 is	 imperative	 to	enunciate	 the	 ideal	 requirements	of	a	home	healthcare	system	having	
quality	of	healthcare	 imparted	to	 the	patients	at	home	environment	 to	be	on	par	with	 the	clinical	
treatment.	Hence	the	following	research	question	is	next	in	the	work:	

Q2:	What	are	the	key	facets	of	home	healthcare	and	which	ICT	technologies	will	be	substantial	for	
realizing	those	facets	for	COPD	home	care?	

Once	the	requirements	of	a	home	healthcare	system	are	known,	followed	by	 identification	of	best	
suited	ICT	technology	to	realise	the	same,	a	prototype	is	need	to	act	as	a	proof-of-concept.		

Such	 a	 prototype	must	meet	 our	 end	 goal	 of	 improving	 quality	 of	 life	 of	 the	 COPD	 patients.	 The	
prototype,	integrating	various	ICT	technologies,	must	have	a	defined	functional	capability	which	would	
enable	it	to	impart	quality	healthcare	at	home	environment	to	manage	COPD.	From	a	medical	point	
of	 view,	 such	 a	 solution	 should	 effectively	 monitor	 the	 patients’	 health	 status,	 help	 detect	 early	
exacerbations	 and	 keep	 track	 of	 the	 health	 progress	 by	 predicting	 patients’	 health	 and	 disease	
progression/regression.		

Moreover,	 it	 should	 also	 consider	 the	 limiting	 factors	of	 COPD	patients	 such	as	physical	 activities,	
mobility	 and	 physiological	 stress.	 Summing	 up	 all	 these	 requirements	 leads	 to	 our	 final	 research	
question:		

Q3:	 What	 functionalities	 must	 the	 prototype	 possess	 to	 be	 an	 effective	 solution	 for	 home	
management	of	COPD	patients?	

1.4 Reading	Guide	

This	 thesis	 is	 divided	 among	 7	 chapters.	 Chapters	 1	 familiarises	 COPD,	 its	 impact	 on	 economy,	
establishes	the	motivation	for	a	patient	centric	solution	and	lays	down	the	research	questions.	Chapter	
2	 is	 a	 description	 on	 the	 research	 methodology	 considered,	 the	 framework	 adhered	 and	 quickly	
address	the	research	questions.	Chapter	3	presents	with	the	contributions	came	out	of	this	 thesis.	
Chapter	4	focuses	on	establishing	home	care	an	alternate	care	solution	for	COPD	and	investigations	in	
ICT	technologies	pertaining	towards	realizing	the	solution.	Chapter	5	deals	with	the	prototyping	the	
POC	as	a	proof	of	concept	for	COPD	home	care	with	ICT.	Chapter	6	provides	the	optimization	done	on	
the	POC	to	make	it	efficient	for	home	care.	Finally,	Chapter	7	concludes	the	thesis.			

 

 

 

 

 

 

	



2 RESEARCH	METHODOLOGY	

Before	beginning,	it	is	crucial	to	adopt	a	suitable	research	methodology,	adhere	to	its	well-structured	
process	for	answering	the	research	questions	and	to	fulfil	the	objectives	of	the	project.		

2.1 Choice	of	Research	Methodology	

Advancements	in	a	field,	often	begins	with	the	introduction	of	a	concept	for	a	new	system,	refining	
the	concept,	and	thereafter	initiating	the	system	development.	System	development	process	involves	
exploration	and	synthesising	of	existing	 technologies	 to	create	new	systems.	The	newly	developed	
system	subsequently	becomes	an	artefact	for	the	next	set	of	new	concepts	thereby	propagating	the	
research	in	a	given	field.	Hence,	system	development	is	an	important	factor	in	the	research	arena.	

Nunamaker	 et	 al.	 [16]	 explain	 the	 nature	 of	 system	 development	 as	 a	 research	 methodology	 in	
Information	System	(IS)	research.	They	propose	a	multi-methodological	and	integrated	approach	for	
the	 IS	 research	 aimed	 at	 keeping	 its	 pace	 with	 the	 technological	 innovation	 and	 organisation	
acceptance.	The	proposed	IS	research	incorporates	multiple	research	methodologies	such	as	Theory	
Building,	System	development,	Observation	and	Experimentation.			

	

Figure	2-1	MULTI-METHODOLOGICAL	APPROACH	TO	IS	RESEARCH	[16]	

	Figure	 2-1	 presents	 the	 multi-methodological	 approach	 which	 describes	 the	 proposed	 research	
methodology.	 It	 positions	 the	 system	 development	 in	 the	 centre,	 emphasising	 an	 integrated	 and	
iterative	development	process.	An	 iterative	process	 is	very	efficient	 in	system	development,	which	
allows	backtracking,	where	the	feedback	from	each	step	shall	be	used	in	optimising	or	revising	the	
next	step	resulting	in	a	better	system.	



This	 project	 well	 fits	 the	 IS	 research	 cycle	 in	 [16]	 and	 in	 particular	 adheres	 well	 to	 the	 system	
development	methodology	since	the	objective	is	also	to	develop	a	proof	of	concept/an	artefact	which	
involves	a	similar	multi-methodological	approach	carried	out	in	an	iterative	manner	as	shown	in	Figure	
2-1.	

2.2 Elements	of	Research	Methodology	

With	the	choice	of	research	methodology	being	established,	this	section	describes	the	way	the	rest	of	
the	work	will	be	carried	out	in	each	phase	of	the	chosen	methodology.	

Nunamker	[16]	has	described	the	principal	phases	of	the	system	development	methodology	as	below:	

	

FIGURE	2-2	A	RESEARCH	PROCESS	OF	SYSTEMS	DEVELOPMENT	RESEARCH	METHODOLOGY,	NUNAMKER	[16]	

Construct	a	Conceptual	Framework	

The	main	goal	of	this	phase	is	to	formulate	meaningful	research	questions	to	develop	the	concept	at	
hand	into	a	system.	The	motivation	for	a	home	care	solution	and	research	questions	formulation	to	
accomplish	them	have	been	already	discussed	in	Chapter	1		

As	a	next	step	within	this	phase,	relevant	technologies	and	developments	were	studied	in	the	context	
of	the	research	to	further	aid	the	solving	of	the	problem	in	consideration.	Research	Question	1	and	2	
will	be	answered	in	this	phase.	

Develop	a	System	Architecture	

System	 architecture	 phase	 aims	 at	 laying	 down	 the	 road	map	 or	 objectives	 for	 the	 system	 under	
development	by	identifying	the	system	components,	their	features	and	interactions	leading	to	system	
requirements.	The	problem	formulation	has	already	been	done	 in	 the	section	1.3	before	giving	an	
abstract	set	of	the	requirements	and	features	of	the	POC	Terminal.	

Construct	a	conceptual	framework	

Develop	a	system	architecture		

Analyse	and	design	the	system		

Build	the	system		

Experiment,	observe	and	evaluate	the	
system	



These	requirements	will	be	further	refined	based	on	results	of	the	literature	study	carried	out	as	a	
part	of	the	conceptualization	phase	above.	

Analyse	and	Design	the	System	

In	this	phase,	the	design	for	the	realisation	of	the	functionalities	derived	in	the	system	architecture	
phase	will	be	carried	out.	During	this	phase	the	prototype	development	will	be	modularized	into	the	
following:	

i.	 Data	collection	

ii.	 Processing	modules	

iii.	 Communication	modules	

The	 interactions	 between	 the	 modules	 will	 be	 charted	 before	 designing	 the	 choice	 of	 the	
communication	protocols,	standards,	and	off-the-shelf	electronic	components	suitable	for	enabling	
remote	diagnostics.	Subsequently,	 the	user	 interface	will	be	designed	 in	order	 to	give	an	effective	
feedback	to	the	patients	both	from	the	device	and	the	clinicians.	

This	phase	also	will	comprise	of	designing	the	device	structure	with	mobility	in	mind.	Finally,	the	design	
of	 the	 software	 demonstrating	 the	 control	 flow	 and	 the	 data	 communication	 between	 the	 above	
modules	will	also	be	realised.	

Build	the	System	

The	actual	system	will	be	built	in	this	phase.	The	primary	part	of	the	implementation	phase	comprises	
of	developing	the	software	realising	the	required	functionalities	while	adhering	to	the	design	choice	
made	beforehand.	It	implicates	writing	software	to	enable	interaction	between	the	data	collection,	
processing	and	communication	modules	to	collect	the	data	at	periodic	intervals,	store	it	and	send	it	
over	to	a	remote	server	for	diagnostics.	

The	secondary	part	involves	developing	a	user	interface	(UI)	application	for	the	patients	to	interact	
with	the	device	prepared	in	the	primary	phase.	The	UI	application	will	also	provide	a	visual	feedback	
of	 the	 patients	 training	 progress	 to	motivate	 them	 in	 following	 the	 treatment.	 At	 the	 end	 of	 the	
implementation	phase,	a	working	prototype	device	would	be	ready	for	further	testing.	 	

Experiment,	Observe,	and	Evaluate	the	System	

During	 this	 phase,	 the	 working	 prototype	 will	 be	 tested	 for	 the	 correctness	 of	 the	 implemented	
functionalities.	Functions	such	as	data	collection,	data	storage,	and	transmission	of	the	data	to	the	
remote	server	with	periodic	intervals	will	be	tested.	

This	phase	also	involves	testing	of	the	developed	UI	application	functionalities	such	as	displaying	the	
data	 to	 the	 user,	 communication	 between	 the	 device	 and	 the	 UI	 application,	 and	 controlling	 the	
prototype	device	based	on	user	interaction.	

Experiments	will	also	be	conducted	on	the	developed	prototype	to	comprehend	the	advantages	of	
employing	recent	developments	 in	 ICT	along	the	context	of	research	questions	devised	earlier	and	
also	to	optimize	it.	 	



3 THESIS	CONTRIBUTIONS	

The	research	and	the	developmental	work	of	this	thesis	focusses	on	provide	better	quality	of	life	to	
the	 COPD	patients.	 Exploiting	 the	 recent	 trends	 in	 ICT	 in	 order	 to	 develop	 such	 a	 framework	 and	
system	 is	explored	 in	 this	 thesis.	The	 following	contributions	are	derived	during	 the	course	of	 this	
work:	

Contribution	1:	Establishing	home	healthcare	as	a	viable	alternative	for	clinical	treatment	in	the	
management	of	COPD.	

A	thorough	research	on	the	prevalently	used	clinical	treatments	for	COPD	is	performed	initially.	By	
doing	 so,	 the	 shortcomings	 and	 challenges	 of	 the	 existing	 scenario	 is	 established	 which	 ergo	
emphasises	 on	 the	 need	 for	 an	 alternative	method	 of	managing	 COPD.	 The	 advantages	 of	 home	
healthcare	 in	 the	 context	 of	 treating	 and	managing	 COPD	 is	 described	 in	 the	 upcoming	 chapters	
through	literary	studies	and	discussions.	Studies	conclude	that	clinical	treatment	of	COPD	are	often	
complex	 to	 interact	 with,	 time	 consuming	 –	 requiring	 repetitive	 visits	 and	 numerous	 days	 of	
hospitalizations,	thus	imposing	huge	economic	burden.		

Additional	readings	point	out	the	success	of	using	ICT	in	management	of	COPD	through	tele-health	
applications	 resulting	 in	 reduced	 clinical	 visits	 and	 increased	 health	 awareness	 of	 the	 patients.	
Moreover,	key	components	of	home	healthcare	using	ICT	is	also	laid	out	during	the	research.		

Highlights	of	contribution	#2:	

• Identifying	 the	 gaps	 and	 shortcomings	 in	 the	 conventional	 clinical	 treatment	of	 COPD	and	
ways	through	which	COPD	deteriorates	patients’	quality	of	life	

• Establishing	the	need	for	an	alternative	to	clinical	management	of	COPD	and	that	the	home	
healthcare	is	way	forward	

Contribution	2:	Exploring	technologies	for	developing	a	home	healthcare	solution	for	COPD.	

Contribution	 #1	 motivates	 the	 need	 for	 an	 alternative	 healthcare	 solution	 and	 that	 the	 home	
healthcare	 offers	 similar	 benefits	 at	 a	 much	 lower	 costs.	 In	 order	 to	 develop	 such	 a	 system,	
identification	of	necessary	components	and	technologies	from	the	pool	of	recent	developments	in	ICT	
technologies	becomes	the	fundamental	step.	

The	investigative	study	carried	out	in	this	thesis	helped	us	identify	the	most	suitable	ICT	components	
for	the	home	healthcare	system,	particularly	in	the	area	of	remote	monitoring,	such	as:	

i) Framework	for	system	development	
ii) Sensing	platforms	
iii) Wireless	communication	technologies	

Contribution	#2	of	this	thesis	is	to	research	from	a	medical	perspective	to	establish	the	technological	
requirements	 and	 framework	 for	 developing	 an	 alternative	 COPD	 treatment,	 and	 linking	 it	 with	
suitable	ICT	developments	by	analysing	their	pros	and	cons	along	with	their	efficacy	in	meeting	the	
listed	requirements.		

Studies	reveal	that	steep	advancements	in	the	sensing	platforms	have	resulted	in	greater	accuracy,	
faster	 sensing,	 and	 a	 compact	 form	 factor.	 Multiple	 options	 are	 available	 in	 the	 wireless	
communication	 technologies	 often	 with	 various	 salient	 features	 such	 as	 low	 power	 optimizations	



techniques,	networking	capabilities,	native	IP	support	to	connect	with	the	internet	quickly	etc.	Such	
advancements	have	paved	way	to	the	establishment	of	Internet	of	Things	(IoT).		

Exploration	of	ICT	in	home	environment	shows	that	interoperable	smart	devices	that	are	part	of	the	
internet	 by	 default	 makes	 it	 an	 ideal	 candidate	 for	 several	 healthcare	 application	 deployments,	
including	but	not	limited	to;	user	feedback,	treatment	reminders,	and	interaction	with	the	clinicians.	

Highlights	of	contribution	#2:	

• Establishing	 the	 feasibility	 of	 developing	 a	 home	 healthcare	 solution	 to	 remotely	monitor	
patient’s	vital	signals,	a	vital	step	in	the	management	of	COPD	

• Identifying	 suitable	 technology	 for	 enhanced	 mobility	 though	 low	 power	 consuming	
components	

• Identifying	 sensor	 platforms	which	 have	 low	 form	 factor	 and	 has	 the	 ability	 to	 be	 part	 of	
internet	for	enhanced	interoperability	

• Identifying	the	possibility	of	integrating	smart	home	devices	in	the	home	healthcare	system,	
facilitating	improved	and	easier	participation	of	the	patients		

Contribution	3:	Prototyping	a	point	of	care	terminal	for	home	management	of	COPD	patients	and	
optimizing	it	further.	

Having	solidly	established	the	need	and	the	requirements	of	developing	a	home	healthcare	system	
using	recent	developments	in	ICT,	the	biggest	challenge	and	also	the	biggest	contribution	of	thesis	is	
developing	a	working	prototype	as	a	proof-of-concept.		

The	prototype	development	was	a	part	of	a	bigger	project	–	"Nano	electronics	for	mobile	Ambient	
Assisted	Living	(AAL)	systems",	which	is	an	initiative	of	ENIAC	JU	project	MAS	[2],	executed	by	Philips.	
The	 goal	 of	 the	 project	 is	 to	 develop	 nano-electronic	 components	 and	 development	 platforms	 to	
realise	 flexible,	 robust	 and	 safe	 mobile	 ambient-assisted-living-systems	 in	 the	 field	 of	 health	 and	
wellness.	 Remote	 patient	 supervision	 using	 multi-parameter	 biosensors	 and	 telecommunications	
networks	to	improve	the	quality	of	the	clinical	environment	as	well	as	to	encourage	therapy	at	home	
forms	the	crux	of	this	project.		

The	 aforementioned	 project,	 concordant	 with	 this	 thesis	 work,	 motivated	 the	 development	 of	 a	
prototype	of	a	Point	of	Care	(POC)	terminal;	which	acts	as	the	proof-of-concept	of	a	home	healthcare	
system	for	COPD	management.		

Highlights	of	contribution	#3:	

• Developing	a	working	prototype	consisting	of	a	breathing	training	device	to	remotely	monitor	
patients’	 vital	 data	 and	 a	 care	 application	 to	 motivate	 the	 patients	 for	 effective	 COPD	
management	at	home	environment	itself	

• Enable	 remote	 diagnostics	 by	 connecting	 clinicians	 at	 the	 hospital	 and	 patient	 at	 home	
through	means	of	internet		

• Optimise	power	consumption	of	the	device	for	enhanced	mobility	and	durability	
• Identifying	Wi-Fi	Direct	as	a	superior	choice	over	low	power	Wi-Fi	for	enhanced	battery	life	

	

	



4 REQUIREMENT	ANALYSIS:	AN	INVESTIGATIVE	STUDY	

As	 discussed	 in	 the	 Chapter	 2	 –	 Research	 Methodology,	 the	 first	 step	 would	 be	 to	 construct	 a	
conceptual	framework.	In	this	chapter,	through	means	of	investigative	studies,	Research	Question	1	
and	two	are	attempted	to	be	answered.	

This	chapter	is	divided	into	three	parts:	

• Part-	I	aim	at	understanding	the	current	treatment	options,	why	home	healthcare	is	a	suitable	
alternative	 to	clinical	 treatment,	and	what	are	 the	essential	 requirements	of	 such	a	home	
healthcare	system	for	COPD	management	–	both	technical	and	medical.	

• Part-	 II	 provides	 key	 insights	 on	 the	 framework	 needed	 for	 realizing	 tele-health,	 recent	
developments	in	ICT,	particularly	of	that	of	sensors	and	communication	technologies	which	
play	 a	 pivotal	 role	 in	 the	 proposed	 alternative.	 This	 section	 also	 highlights	 the	 impact	 of	
permeation	of	technology	at	home	level	and	how	it	can	exploit	to	provide	healthcare	at	home	
environment.	

• Part	–	III	offers	to	the	reader	additional	information	on	the	application	of	Internet	of	Things	
(IoT)	in	the	healthcare	domain.	Rising	concerns	about	data	confidentiality	and	importance	of	
privacy	and	security,	in	particular	on	the	exchange	and	storage	of	personal	medical	data	of	
the	patients	too	is	addressed	in	this	section.	

Question	1:	How	can	home	healthcare	improve	quality	of	life	of	COPD	patients?	

4.1 COPD	MANAGEMENT	THROUGH	HOME	HEALTHCARE	

As	an	essential	step	in	developing	an	alternative	for	clinical	treatment,	it	is	necessary	to	analyse	the	
current	 treatment	 methods	 followed	 in	 a	 clinical	 environment.	 This	 section	 further	 explores	 the	
methods	adopted	in	the	treatment	of	COPD	through	current	clinical	therapies.	It	also	introduces	the	
concept	 of	 home	 healthcare	 treatment	 in	 chronic	 disease	 management	 before	 looking	 into	 its	
application	in	COPD	management.	

4.1.1 PRESENT	SCENARIO:	CLINICAL	TREATMENT	OF	COPD	

In	the	clinical	management	of	COPD,	bronchodilator	and	corticosteroids	drug	therapies	are	found	to	
be	the	most	successful	and	widely	accepted	methods.	Bronchodilators	are	substances	that	help	in	the	
dilation	of	bronchi	and	bronchioles,	and	corticosteroids	are	substances	that	reduce	inflammation	in	
the	airways,	which	as	a	result	reduces	the	resistance	in	the	respiratory	tract	and	increases	the	airflow.	
Due	to	the	relaxation	of	the	airways,	oral	administration	is	often	preferred	during	the	therapies.	

B.R.	 Celli	 et	 al.	 [11]	 have	 established	 that	 after	 bronchodilator	 therapy	 there	 is	 a	 significant	
improvement	in	the	Forced	Expiratory	Volume	(FEV1)	due	to	smooth	muscle	relaxation	in	the	airway.	
Further	the	study	suggests,	corticosteroids,	when	administered	through	oral	method	have	also	proven	
to	have	a	small	impact	on	the	FEV1	value.	These	drug	therapies	have	also	proven	to	reduce	the	rate	
of	exacerbations	among	patients	in	advanced	stages	of	COPD.	
	
From	the	research	by	Tashkin,	Donald	P.	et	al.	 [12]	 it	 is	evident	that	the	principal	methods	used	in	
bronchodilator	delivery	are:	mechanical	ventilators,	nebulisers,	and	metered	dosed	 inhalers.	Often	
mechanical	ventilators	are	used	to	support	or	replace	standard	physiological	breathing	during	critical	



conditions	such	as	surgeries	or	in	the	management	of	patients	with	chronic	lung	illness.	They	are	often	
considered	to	be	the	most	effective	methods	for	drug	delivery	in	COPD	treatment.		Figure	4-1	shows	
a	typical	mechanical	ventilator	used	in	hospitals.	

	

	FIGURE	4-1	MECHANICAL	VENTILATORS	

Nebulizer	converts	the	liquid	medication	into	a	mist	that	can	be	inhaled	into	the	lungs.	Since	the	drug	
is	delivered	in	the	form	of	mist,	it	takes	considerably	less	time	to	diffuse	into	the	blood	stream	and	
also	provides	a	quicker	and	more	effective	relief	from	the	symptoms.	Recent	nebulisers	in	the	market	
such	as	the	one	shown	in	Figure	4-2	also	monitors	the	patients’	breathing	pattern	and	optimises	the	
aerosol	delivery	accordingly	for	effective	drug	deposition	inside	the	lungs.	

	

FIGURE	4-2	NEBULIZER	USED	IN	DRUG	DELIVERY	

Metered	Dose	Inhalers	(MDI)	on	the	other	hand	are	the	most	commonly	prescribed	method	for	self-
administration	of	medications.	Figure	4-3	depicts	the	cut-section	of	a	common	Metered	Dose	Inhaler.	
When	the	patients	squeeze	the	inhalers,	these	devices	ejaculate	a	pre-measured	spray	of	medication	
already	stored	inside	it	in	an	aerosol	form.	



	

FIGURE	4-3	METER	DOSE	INHALER	

PITFALLS	IN	CLINICAL	TREATMENT		

Even	though	the	above-discussed	primary	methods	are	the	only	available	options	for	current	COPD	
management,	they	pose	some	serious	limitations	when	being	considered	for	home	management	of	
COPD.	 Available	 clinical	 diagnosis	 and	 treatments	 devices	 are	 quite	 complex	 to	 interact	 with,	
exorbitantly	expensive	to	afford,	and	often	require	the	assistance	of	a	professional	to	use	them.	Also,	
in	general,	there	is	a	constraint	on	the	availability	of	these	devices	and	requires	the	patients	to	book	
prior	appointments	in	advance	for	accessing	them.	As	a	result,	patients	end	up	spending	an	extra	few	
hours	during	each	visit	to	undergo	treatments	such	as	nebulization,	etc.,	which	correspondingly	affects	
the	patients'	quality	of	life	and	their	continued	adherence	to	the	treatment	as	well.	

4.1.2 WAY	FORWARD:	HOME	HEALTHCARE	AS	AN	ALTERNATIVE	

Chronic	 diseases	 such	 as	 heart	 failure,	 COPD,	 and	 diabetes	 have	 caused	 an	 enormous	 economic	
burden	on	the	existing	clinical	care.	The	prevailing	economic	burden	of	healthcare	system	points	out	
to	 the	 incompetency	 of	 current	 healthcare	 system	 in	 catching	 up	 with	 the	 rapidly	 increasing	
magnitude	of	patients	suffering	from	such	chronic	diseases.	The	sporadic	treatments	offered	in	clinical	
healthcare	has	become	 inefficient,	 resulting	 in	 the	need	of	 a	 continuous	 care	outside	 the	hospital	
environment.		

For	COPD,	GOLD[3]	report	suggests	reducing	symptoms	by	avoiding	risk	factors	such	as	smoking,	air	
pollution,	etc.,	and	creating	awareness	about	the	disease	nature	play	a	vital	 role.	This	stabilisation	
process	comprises	of	constant	monitoring	of	patients’	health,	 regular	 intervention	by	 the	clinician,	
planning	a	healthy	lifestyle,	and	ensuring	patients’	adherence	to	the	process	results	in	a	continuous	
care.	

American	Thoracic	society	[64]	in	their	report	discusses	few	home	care	methods	and	their	outcomes	
on	COPD	patients.	Most	of	the	home	care	methods	discussed	involved	informing	patients	about	the	
disease,	instructing	them	on	self-management,	providing	home	care	equipment,	frequent	telephonic	
conversations,	and	if	required,	home	visits	too.	The	outcomes	of	such	methods	have	demonstrated	
mild	to	significant	improvement	in	the	quality	of	patient’s	 life	and	has	also	imbibed	positive	health	
behaviours.	 Notable	 reduction	 in	 number	 of	 hospital	 visits	 is	 recorded	 in	 the	 case	 of	 home	
management.		



Bourbeau	et	al.	[65]	in	their	work	promoted	self-management	programmes	for	COPD	patients	based	
on	the	evidence	quoted	in	their	discussions.	The	programs	often	involve	teaching	various	techniques	
for	breathing,	 exercising,	 and	measures	 to	 counter	 sudden	exacerbations	when	at	home	or	public	
places.	They	have	also	concluded	that	the	patients	have	gained	real	mastery	in	controlled	breathing	
compared	to	usual	clinical	care	patients.	The	participating	patients	have	themselves	acknowledged	a	
meaningful	change	in	their	lifestyle	by	adopting	the	suggestions	from	the	said	program.		

Bourbeau	et	al.	[66]	in	an	another	trial	have	shown	a	39.8%	decline	of	hospital	admission	of	patients	
due	to	exacerbations,	58.9%	reduction	in	unscheduled	physician	visits,	and	finally	a	41.0%	reduction	
in	 emergency	 department	 visits	 –	 implying	 the	 advantages	 of	 self-management	 programmes	 for	
COPD.	

Advantages	of	Home	Healthcare	for	COPD	

From	the	earlier	discussions,	it	is	evident	that	home	healthcare	possesses	considerable	advantages	
over	the	traditional	clinical	treatment.	Following	points	summarizes	them:	

• Fewer	clinical	visits	and	hospitalization	leading	to	decreased	economic	burden	
• Patient-centric	approach	wherein	patient	is	cared	at	their	convenient	environment	
• Continuous	care	allows	early	detection	and	easier	management	of	exacerbations	
• Improved	self-awareness	and	self-management	skills		
• Reduced	physiological	stress	and	improved	quality	of	life	of	the	patients	

Adam	Steventon	et	al.	[14]	discuss	home	healthcare	of	COPD	patients	through	a	whole	demonstration	
trial.	Randomised	clinical	 trial	conducted	on	3000	chronic	patients,	with	the	 focus	of	analysing	the	
impact	of	telehealth	on:	the	quality	of	life,	its	cost-effectiveness,	and	views	of	patients,	professionals	
and	caretakers.	The	study	involved	installation	of	‘Tele-health'	devices	in	patients'	homes	to	measure	
parameters	such	as	blood	glucose	and	haemoglobin	oxygenation	levels	on	an	everyday	basis,	and	to	
transmit	the	same	to	healthcare	professionals	working	remotely.	The	conclusion	of	this	study	indicates	
that	remote	monitoring	can	significantly	reduce	the	readmission	rate	and	mortality	rate	of	COPD.	

B.	Koff	et	al.		[15]	carried	out	Proactive	Integrated	Care	(PIC)	through	educating	the	patients	about	the	
disease	and	using	home	healthcare	with	remote	monitoring	of	patients'	vital	signals	such	as	blood	
glucose	 level,	 oxygenation,	 activity	 levels.	 Study	 indicates	 that	 through	 remote	 monitoring	 and	
educating	the	patient	have	resulted	in	fewer	cases	of	hospitalisations,	readmissions,	emergency	visits,	
and	also	has	proactively	helped	in	monitoring	and	early	detection	of	the	exacerbations	among	severe	
COPD	patients.	

4.1.3 REQUIREMENTS	OF	A	HOME	HEALTHCARE	SOLUTION	FOR	COPD	MANAGEMENT	

	 Question	#2:	What	are	the	key	facets	of	home	healthcare	in	COPD	management?	

In	a	clinical	setup	patients	health	status	will	be	monitored,	analysed	by	the	clinician,	and	feedback	will	
be	provided	based	on	that	observations.	In	moving	towards	home	healthcare	of	COPD,	these	steps	
have	to	be	performed	remotely	as	done	in	Adam	Steventon	et	al.	[14]	and	B.	Koff	et	al.	[15]	works.	In	
both	the	studies,	they	have	inherently	employed	remote	monitoring	and	proactive	intervention	over	
telephonic	calls	 to	determine	the	patient’s	health	and	have	achieved	to	bring	 improvement	 to	 the	



quality	of	lives	of	the	participating	patients.	Following	principal	aspects	of	home	health	care	can	be	
inferred	from	the	above	studies:	

v Remote	monitoring	
v Remote	diagnostics		
v Feedback	

Remote	monitoring	involves	measuring	and	recording	vital	patient	information	from	patients’	home	
environment	 and	 logging	 these	measured	 data	 onto	 a	 remote	 server.	 Based	 on	 the	 logged	 data,	
clinicians	perform	remote	diagnostics	to	analyse	the	data.	During	the	feedback	step,	the	clinicians	will	
intervene	whenever	 necessary	 and	 also	 allow	 the	 patients	 to	 obtain	 a	 personal	 overview	 of	 their	
health	status	based	on	the	monitored	data	and	diagnostics.	

Research	findings,	mentioned	above	play	a	significant	role	in	justifying	the	choice	of	home	healthcare	
as	 an	 alternative	 to	 clinical	 treatment	 and	also	defining	 the	principal	 aspects	of	 home	healthcare.	
Subsequently	 paving	 a	 solid	 landscape	 for	 setting	 up	 the	 boundary	 of	 this	 research	 in	 integrating	
components	of	ICT	in	home	healthcare	to	improve	the	impact	of	COPD	home	management.		

4.2 ROLE	OF	ICT	IN	DEVELOPING	A	HOME	HEALTHCARE	SOLUTION	FOR	COPD	
MANAGEMENT	

Question	#2:	Which	ICT	technologies	will	be	substantial	for	realizing	those	facets	for	COPD	home	
care?	

In	the	second	part	of	this	chapter,	investigative	studies	pertaining	to	the	recent	maturities	in	ICT	and	
their	suitability	for	implementation	in	the	primary	aspects	of	home	healthcare	is	discussed	in	detail.	
To	 guide	 the	 research	 in	 the	 right	 direction,	 additional	 research	 sub-questions	 are	 framed	 and	
discussed.		

4.2.1 COMPONENTS	OF	HEALTHCARE	FRAMEWORKS	

It	is	clear	that	home	care	relies	on	remotely	accomplishing	monitoring,	diagnostics,	and	feedback.	In	
this	section,	the	frameworks	of	ICT	systems	used	in	healthcare	management	of	chronic	diseases	are	
reviewed	to	identify	the	primary	technological	components	required	in	realising	them.	This	leads	to	
the	following	research	sub-question:	

Question	#	2.1:	What	are	the	key	components	or	modules	of	a	fundamental	remote	monitoring	
system?		

Lovell,	Nigel	H.	et	al.	[17]	imply	that	recent	trend	in	the	chronic	diseases	and	their	burden	on	clinical	
healthcare	systems	necessitates	broadening	the	scope	of	the	current	sporadic	institutional	treatment	
care	to	a	continuous	home	healthcare	model	using	the	Information	and	Communication	Technology	
(ICT)	infrastructure.	Subsequently,	they	developed	a	telehealth	framework	named	TeleMedCare	for	
remote	monitoring	of	chronic	patients	by	making	use	of	 the	 ICT	 infrastructure.	Figure	4-4	gives	an	
overview	of	their	TeleMedCare	platform:	



	
FIGURE	4-4	TELEMEDCARE	FOR	REMOTE	MONITORING	OF	CHRONIC	PATIENTS	[17]	

The	TeleMedCare	could	be	bifurcated	into	telemonitoring	and	patient	management	system	as	showed	
in	Figure	4-4.	The	monitoring	end	of	 the	framework	comprises	of	several	measurement	sensors	to	
record	 patients’	 health	 parameters	 and	 a	 central	 system	 to	 which	 all	 the	 sensors	 send	 their	
measurements.	 This	 central	 system	 then	 sends	 the	 data	 to	 a	 remote	 server	 via	 Internet.	 It	 also	
provides	a	User	Interface,	which	allows	the	patient	to	interact	with	the	available	measurements.	
	
The	management	end	of	the	framework	comprises	of	web	server	tools	that	interact	with	the	central	
server	and	enables	the	clinicians	to	perform	remote	patient	diagnosis	and	management.	Further,	the	
care	 team	 can	 also	 send	 their	 feedback,	 schedule	measurements,	 and	 also	make	 an	 intervention	
whenever	necessary.	
	
Matthias	Görs	et	al.	[18]	in	their	research	on	using	telemedicine	for	remote	support	of	Chronic	Dialysis	
and	COPD	patients	assert	the	need	for	a	generic	remote	management	infrastructure	and	also	establish	
one	for	providing	high	quality	and	quick	medical	assistance	–	covering	patients	distributed	in	a	broad	
demographic	area.	They	also	emphasise	how	the	recent	advancement	in	modern	telecommunication	
and	data	processing	technologies	of	ICT	can	be	utilised	in	creating	such	generic	frameworks.	Figure	
4-5	 presents	 the	 generic	 and	 highly	 modular	 telemedicine	 framework	 from	 their	 research.	
Subsequently,	 they	have	also	 configured	 their	 proposed	 framework	 for	 remote	monitoring	of	 two	
diversified	set	of	chronic	COPD	and	Dialysis	patients.	

	
FIGURE	4-5	TELEMEDICINE	FRAMEWORK	FROM	[18]	



The	 framework's	 principal	 core	 comprises	 of	 a	 modular	 and	 interoperable	 telecommunication	
infrastructure,	which	 takes	 care	 of	 the	 communication	 links,	 data	 transmission,	 and	 data	 security	
between	the	patient,	the	clinical	and	the	service	end.	
	
An	example	scenario	would	be	where	the	doctors	and	the	care	team	are	connected	to	the	system	over	
WAN	connections	providing	 remote	management	 services.	The	monitoring	 sensors	or	 smartphone	
units	 at	 the	 patient	 end	 are	 being	 attached	 to	 a	 PAN	 network	 which	 in	 turn	 connects	 to	 the	
infrastructure	over	a	WAN	connection	enabling	the	remote	monitoring	potentials.	Such	infrastructure	
gives	the	flexibility	to	connect	interoperable	sensors,	processing	modules	and	smart	platforms	with	
the	framework	that	suits	the	needs	of	the	disease	management.	
	
Lovell,	Nigel	H.	et	al.	[17]	in	their	TeleMedCare	framework	present	the	significance	and	impact	of	the	
diversified	 ICT	 technological	 advancements	 in	 subjects	 such	 as	 smart	 sensors	 platforms,	
communication	technologies,	remotely	maintainable	client-side	software's,	web	services,	etc.	It	also	
exhibits	how	integrating	the	above	technologies	will	lead	us	to	a	continuous	care	for	chronic	patients.	
	
Matthias	Görs	et	al.	 [18]	presented	the	vital	 role	of	communications	technology	standards	such	as	
WAN	and	PAN	in	developing	a	generic	and	modular	 infrastructure	that	could	be	used	 in	treating	a	
multitude	of	chronic	disease.			
	
From	above	discussion	It	is	certain	that	healthcare	frameworks	perform	remote	monitoring	by	taking	
advantage	 of	 three	 key	 areas	 of	 ICT	 technologies,	 which	 fundamentally	 constitutes	 the	 key	
components	of	remote	monitoring	systems:	

1. Sensor	platforms	for	remote	monitoring	
2. Communication	technology	and	standards	for	connectivity	
3. Smart	processing	platforms	with	interoperable	communication	standards	for	data	

accessibility		
	
Above	 discussion	 has	 also	 clearly	 emphasised	 on	 the	 importance	 of	 taking	 advantage	 of	 ICT	
advancements	 and	 successively	 integrate	 them	 innovatively	 for	 creating	 a	 generic,	 modular,	 and	
efficient	 framework	 to	provide	continuous	healthcare	 solutions.	Next	part	of	 the	 investigation	will	
focus	on	exploring	these	three	key	areas,	their	recent	advancements	and	their	applications	in	remote	
monitoring	and	healthcare	applications	by	framing	additional	research	question,	wherever	necessary.	

4.2.2 ADVANCEMENT	IN	SENSOR	TECHNOLOGY	

Question	#2.2:	What	are	the	latest	advancements	in	sensing	platforms	and	their	available	wireless	
interoperability	options?	

J.	Fraden	in	[19]	define	a	sensor	as	“A	device	that	receives	a	stimulus	and	responds	with	an	electrical	
signal”.	Sensors	play	an	integral	role	in	numerous	modern	applications	such	as	industrial	automation,	
transportation,	air	quality	monitoring,	healthcare	and	so	on.	While	development	of	the	first	sensor	
dates	back	to	more	than	a	century,	sensor	technologies	have	grown	a	long	way	since	then.	Michael	J	
and	McGrath	 et	 al.	 [20]	 in	 their	 book	 on	 Sensor	 Technologies	 describe	 the	 growth	 of	 the	 sensor	
technologies	in	Figure	4-6.	



	

FIGURE	4-6	EVOLUTION	OF	SENSOR	TECHNOLOGY	[20]	

Subsequently,	 Michael	 J	 and	 McGrath	 et	 al.	 [20]	 also	 emphasize	 that	 sensors	 which	 have	 been	
principally	used	in	measuring	a	quantity	of	interest	and	converting	it	into	a	mechanical,	electrical	or	
optical	signal,	now	feature	a	lot	of	added	capabilities	due	to	the	parallel	advancements	in	ICT	such	as	
communication	technologies,	web	connectivity	and	cloud	integration.	

In	parallel,	there	has	been	a	significant	evolution	in	their	sensing	capabilities.	For	example,	modern-
day	biosensors	are	capable	of	measuring	blood	glucose	levels,	and	Micro	Electro	Mechanical	Systems	
(MEMS)	 sensor	 have	 found	 their	 applications	 as	 accelerometers,	 gyroscopes,	 pressure	 sensors,	
humidity	sensors	in	several	industrial	and	commercial	products.			

Figure	4-7	shows	MEMS-based	contactless	temperature	sensor	TMP006	from	Texas	Instruments	[21],	
which	is	used	in	electronic	appliances.	This	sensor	operates	on	2.4	V	with	a	measuring	resolution	of	
+/-	0.5°C	and	has	a	dimension	as	small	as	1.6x1.6	mm.			

	

FIGURE	4-7	MEMS-BASED	TEMPERATURE	SENSOR	TMP006	[21]	

The	symbiotic	nature	of	evolution	in	ICT	and	sensing	capabilities,	together	with	the	advancements	in	
semiconductor	 industries	have	nurtured	 the	development	of	 low-cost	 sensor	platforms	embedded	
with	wireless	communication	functionalities	that	are	popularly	used	for	continuous	and	widespread	
monitoring.	Figure	4-8	refers	 to	one	such	modern	sensor	platform	–	Waspmote,	developed	by	the	
company	Libelium	[22]	Internet	of	Things	(IOT)	providers.	



	

FIGURE	4-8	WASPMOTE	BY	LIBELIUM	[22]	

The	Waspmote	 have	 several	 productive	 out	 of	 the	 box	 functionalities	 for	 continuous	 and	 remote	
monitoring.	The	platform	supports	the	integration	of	70	sensing	units	from	Libelium	and	almost	all	of	
short,	long	and	medium	range	of	wireless	technologies	such	as	3G,	GPRS,	Wi-Fi,	Bluetooth	Zigbee,	NFC	
and	Bluetooth,	etc.		

The	diverse	wireless	 capabilities	 embedded	 in	 the	 sensing	platform	make	 it	 an	easy	 candidate	 for	
remote	monitoring	applications.	Radio	technologies	such	as	Wi-Fi	and	3G	can	be	used	to	bring	the	
measured	data	instantaneously	into	the	Internet	and	subsequently	to	the	cloud	for	fast	accessibility	
and	availability	of	data.	Zigbee	and	Bluetooth	standards	can	be	utilised	for	deploying	and	maintaining	
wireless	sensor	networks.	

Such	 wireless	 sensor	 networks	 can	 be	 used	 remotely	 to	 monitor	 a	 multitude	 of	 patients’	 vital	
parameters	and	give	real-time	updates	on	patients'	physical,	physiological,	and	psychological	status.	
Such	 features	 provide	 enormous	 versatility	 and	 therefore	 can	 come	 into	 use	 in	 scenarios	 such	 as	
monitoring	patient	vitals	while	undergoing	surgery	in	an	ICU	or	while	taking	care	of	elderly	people	in	
a	home	environment.	Sensor	platforms	with	wireless	networking	capabilities	are	projected	to	play	a	
significant	role	 in	healthcare	and	continuous	monitoring	applications.	Hence,	 it	 is	vital	to	possess	a	
better	understanding	of	its	underlying	components,	the	current	research	and	developments	to	deploy	
them	in	home	healthcare.	

WIRELESS	SENSOR	NETWORKS	(WSN)	

A	generic	Wireless	Sensor	Network	(WSN)	is	a	group	of	sensors	with	wireless	networking	capabilities	
scattered	in	the	physical	world.	Each	such	sensor	in	a	WSN	is	called	a	sensor	node.	Ian	F.	Akyildiz	[23]	
describe	the	components	of	sensor	node	in	a	WSN	in	Figure	4-9	

	

FIGURE	4-9	SENSOR	NODE	OF	A	WSN	[23]	



The	sensor	node	is	primarily	composed	of	four	building	blocks:	

i. Sensing	unit	–	Comprises	of	a	sensor	and	an	Analog	to	Digital	converter	(ADC).	It	converts	the	
quality	of	interest	into	a	digital	record.		

ii. Transceiver	unit	–	Comprises	of	a	radio	module	and	communication	stack.	Responsible	 for	
communication	with	peers	in	the	networks	and	routeing	the	collected	sensor	data.		

iii. Power	unit	–	As	its	name	implies,	this	unit	provides	the	power	resource	for	the	node.	
iv. Processing	Unit	–	Comprises	of	CPU	and	memory.	Facilitates	the	computational	requirement	

for	sensing	and	transceiver	unit.	

DEPLOYMENT	ARCHITECTURE	OF	WSN	

In	 a	WSN,	 Sensor	 nodes	 are	 grouped	 together	 to	 form	a	 sensor	 field.	 	 Every	WSN	has	 a	 single	 or	
multiple	base	stations,	which	are	called	sinks.	Data	collected	by	all	 the	nodes	 in	a	 sensor	 field	are	
forwarded	towards	the	sink	node.	The	sink	node,	in	turn	might	be	connected	to	a	WAN	(Wireless	Area	
Network)	 network	 for	 cloud	 integration	 and	 further	 information	 processing	 or	 to	 another	 sensor	
network	 making	 a	 distributed	 array	 of	 sensor	 fields.	 Ian	 F.	 Akyildiz	 [23]	 in	 his	 survey	 on	 sensor	
networks	presents	a	simple	deployment	configuration	of	sensor	networks	in	Figure	4-10.	

	

FIGURE	4-10	COMPONENTS	OF	WIRELESS	SENSOR	NETWORKS	[23]	

	

	

FIGURE	4-11	BODY	AREA	NETWORK	[20]	



The	healthcare	alternative	of	the	WSN	is	termed	Body	Area	Network	where	architecture	similar	to	
Figure	4-11	is	used,	but	the	sensors	nodes	are	either	implanted	inside	the	patient’s	body	or	deployed	
in	and	around	the	proximity	of	the	patient’s	body.	These	sensors	transmit	the	measured	parameter	to	
a	central	gateway	and	afterwards	the	data	is	sent	to	a	central	server	over	the	Internet.		

Figure	4-11	from	[20]	represents	a	typical	body	area	network	where	a	smartphone	is	used	as	a	gateway	
and	Bluetooth	is	being	used	for	establishing	communication	between	sensors	and	the	gateway.	

Looking	back	at	the	findings,	it	is	evident	that	the	today's	sensor	platforms	have	evolved	a	long	way	
with	better	measurement	accuracy	and	 lower	power	consumption.	Additional	wireless	networking	
capabilities	such	WSN,	BAN	described	above	makes	them	a	seamless	contender	for	continuous	remote	
monitoring	 in	several	healthcare	scenarios.	Wi-Fi,	Bluetooth,	and	Zigbee	 is	widely	accepted	among	
interoperable	Sensor	Networks.	

While	opting	such	wireless	aided	sensors	for	remote	monitoring	applications,	the	principal	segment	
involves	picking	the	apt	communication	protocols	which	will	be	optimal	for	the	application	scenario	
as	 it	 is	 the	 backbone	 for	 orchestrating	 the	 entire	 process.	 Hence	 an	 investigation	 on	 the	
communication	 technologies	 and	 standards	 that	 are	 prevalently	 used	 in	 remote	 monitoring	 with	
wireless	 enabled	 sensors	 and	 the	 recent	 developments	 is	 carried	 out	 in	 the	 next	 part	 of	 this	
investigative	study	by	framing	the	following	research	questions:	

4.2.3 COMMUNICATION	TECHNOLOGIES	AND	STANDARDS		

Research	Questions:	

Question	#2.3:	What	are	the	prevalently	used	wireless	communication	standards	in	healthcare?	And	
how	their	advancements	in	factors	such	as	low	power	consumption	could	enhance	remote	
monitoring?		

Question	#2.4:	Which	wireless	technologies	are	prevalently	used	for	enabling	connectivity	to	the	
Internet	in	remote	diagnostics,	particularly	for	transferring	collected	bio-information	using	
established	Internet	communication	protocols	(TCP/IP,	UDP)?	

Types	of	Communication	standards	in	Healthcare:	

In	 a	 home	 healthcare	 application	 scenario	 as	 in	 Figure	 4-4	 and	 Figure	 4-11,	 the	 data	 collected	 at	
patients	site	 is	sent	 to	a	gateway,	which	 in	 turn	aggregates	 the	data	and	then	send	 it	 to	a	 remote	
central	 server/cloud	over	 the	 internet.	This	end-to-end	communication	 is	principally	 realised	using	
Wireless	Personal	Area	Networks	(WPAN)	and/or	a	Wireless	Local	Area	Networks	(WLAN),	which	are	
prevalently	available	in	a	home,	hospital	and	public	environments.	

While	WPAN	is	used	for	near	radio	communication	over	a	short	distance,	this	will	fall	between	the	
sensors	and	the	central	gateway	which	are	located	close	to	each	other;	the	WLAN	is	then	utilised	for	
enabling	 the	 internet	 connection	 between	 the	 home	 gateway	 and	 the	 cloud	 services.	WPAN	 and	
WLAN	 are	 the	 standards	 under	 which	 several	 notable	 communication	 protocols	 have	 been	
implemented.	To	choose	the	appropriate	communication	method,	awareness	of	the	communication	
protocols	that	fall	under	the	WPAN	and	WLAN	standards	and	their	recent	evolutions	is	essential.	



WPAN		

	WPAN	 [24]	 stands	 for	 wireless	 PAN	 networks	 which	 are	 predominantly	 used	 for	 wirelessly	
interconnecting	 in	 a	personal	 area	network	devices,	which	are	approximately	 a	 few	dozen	meters	
away	 from	 each	 other.	 WPAN	 is	 formulated	 based	 on	 IEEE	 802.15	 standard.	 The	 most	 popular	
communication	protocols	that	are	developed	based	on	the	IEEE	802.15	standard	are	Zigbee	[25]	and	
Bluetooth	[26].	Both	these	protocols	are	widely	embraced	for	adding	wireless	capabilities	to	sensor	
platforms	 and	 in	 the	 deployment	 of	 sensor	 networks,	 they	 have	 significant	 differences	 in	 several	
aspects	such	as	communication	range,	data	rate,	and	power	consumption	and	so	on.			

ZIGBEE	

ZigBee	[25]	is	built	over	the	physical	and	media	control	layers	of	the	IEEE	802.15.4	standard,	which	
was	mainly	developed	for	creating	low	power,	low	cost,	mesh	networks	for	deployment	of	vast	arrays	
of	battery	operated	sensor	devices	for	industrial	monitoring	and	automation	applications.	It	is	used	
for	 low	 data	 rate	 WPANs	 with	 a	 maximum	 data	 rate	 of	 250kbs	 and	 is	 often	 preferred	 when	
implementing	a	WSN	network.			

Low	latency	communication	and	default	support	for	scalability	and	flexibility	through	the	star,	peer	to	
peer	 and	mesh	 networking	 topologies	 help	 ZigBee	 in	 an	 easy	 realisation	 of	wider	WSN	networks.	
Figure	4-12	from	[27]	shows	the	default	star	and	networking	topologies	using	ZigBee:	

	

FIGURE	4-12	NETWORKING	TOPOLOGIES	IN	ZIGBEE	[27]	

Full	Function	Device	(FFD)	and	Reduced	Function	Device	(RFD)	are	the	two	default	node	types	in	ZigBee	
standard.	When	used	in	PAN	networks,	an	FFD	can	act	as	a	coordinator	and	communicate	with	all	the	
devices	in	a	PAN	network	while	RFD	can	only	communicate	with	the	FFD.	FFDs	and	RFDs	are	used	in	
cohesion	to	deploy	WSN	with	standard	networking	topologies	cited	above.	

BLUETOOTH	

Bluetooth	initially	conceived	to	be	a	wireless	replacement	for	the	RS-232	standard	is	standardised	in	
IEEE	802.15.1	[26],	primarily	as	a	cabling	replacement	option	between	the	WPAN	networks	devices	
such	as	personal	computers	and	printers	that	located	close	to	each	other	between	10cm	to	100m.	It	
falls	under	the	medium	data	rate	solutions	for	WPAN	networks	with	a	maximum	speed	of	1Mbits/sec,	
though	the	recent	Bluetooth	4.0	promises	a	data	rate	of	32Mbits/sec.	



Regarding	networking	topology,	Bluetooth	offers	a	point-to-point	communication	with	master-slave	
architecture	and	in	a	piconet	configuration	each	master	can	communicate	with	a	maximum	of	seven	
slaves	in	the	network.	Sensors	enabled	with	Bluetooth	can	be	easily	connected	to	PCs,	Mobile	Phones,	
etc.	prevalently	used	in	hospital	environments	for	wireless	monitoring.	This	seamless	 integration	is	
possible	due	to	the	standard	availability	of	Bluetooth	in	those	devices	and	instantaneously	capability	
to	 network	 among	 interoperable	 devices.	 Also,	 it	 offers	 a	 suitable	 data	 rate	 for	 transferring	
information	with	little	energy	consumption	as	stated	before.	

ZIGBEE	AND	BLUETOOTH	IN	HEALTHCARE	

Zigbee	and	Bluetooth	both	have	been	potential	 candidates	 for	wireless	monitoring	 applications	 in	
healthcare	 scenario	 for	 their	 low	 energy	 consumption,	 networking	 capabilities	 and	 sufficient	 data	
rates	as	cited	above.	

Zhang	et	al.	[28]	in	their	work	on	utilising	WSNs	in	healthcare	applications	simulated	different	WSN	
topologies	in	Opnet-ZB	with	ZigBee	nodes	for	a	nursing	home	facility	to	monitor	patients'	physiological	
signals.	 Figure	 4-13	 and	 Figure	 4-14	 show	 the	 simulated	 topology	 and	 the	 throughput	 results	 for	
different	data	payloads.	Results	show	that	PANs	using	Zigbee	could	handle	the	payload	and	real-time	
traffic	necessary	for	hospital	monitoring	applications.	Additionally,	with	their	low	power	(long	battery	
life)	and	low-cost	nature,	they	concluded	that	it	is	beneficial	to	use	ZigBee	in	healthcare	applications.	

	

FIGURE	4-13	STAR	TOPOLOGY	SIMULATION	OF	ZIGBEE	BASED	PAN	NETWORK	[28]

	
FIGURE	4-14	THROUGHPUT	OF	THE	STAR	TOPOLOGY	[28]	



Seung-Hong	 Lee	et	 al.	 [29]	have	even	proposed	 to	use	Bluetooth	2.1	 for	 emergency	data	delivery	
system	 in	 the	hospital	Health	Net.	 The	 system	comprises	of	 a	wireless	 sensor	Body	Area	Network	
(WBAN)	 performing	 constant	 monitoring	 and	 sending	 vital	 notifications	 or	 alerts	 on	 emergency	
situations,	such	as	e.g.	a	heart	attack,	to	the	available	nurses	and	doctors	in	the	hospital.	

BLUETOOTH	LOW	ENERGY		

Another	 exciting	 addition	 to	 the	wireless	 sensor	 networks	 is	 the	 Bluetooth	 Low	 Energy	 (BLE)	 [30]	
standard.	BLE	 is	a	 lightweight	subset	of	 the	classic	Bluetooth	and	 is	part	of	 the	Bluetooth	4.0	core	
specification.	

BLE	mainly	optimised	for	 low	power	consumption	provides	an	extended	battery	life	for	monitoring	
and	control	applications.	BLE	uses	a	different	set	of	communication	and	radio	techniques	such	as	low-
duty-cycle	 transmission,	 very	 short	 transmission	 burst	 between	 long	 periods	 and	 lower	 latency	 in	
communication	 compared	 to	 classic	 Bluetooth	 [30].	 BLE	 also	 features	 extremely	 low	 power	 sleep	
modes	 to	 reduce	 the	 power	 consumption.	 Hence,	 a	 device	 enabled	 with	 BLE	 is	 expected	 to	 be	
operating	on	a	standard	coin	cell	battery	for	many	years	at	a	time.	

This	 low	 power	 nature	 of	 BLE	 has	 already	made	 it	 a	 new	 applicant	 for	 healthcare	 and	 consumer	
electronics	industry	for	monitoring	applications.	Strey,	Helmut	H	et	al.		[31]	have	already	developed	
BLE-based	EEG	monitor	operating	on	a	coin	cell	battery	as	in	Figure	4-15.	The	device	monitors	patient’s	
EEG	signal	 sends	 it	 to	a	smartphone	enabled	with	BLE,	 from	which	 the	data	 is	 logged	 to	a	 remote	
server.	Even	though	BLE	is	not	designed	for	continuous	streaming	of	data,	the	authors	of	[31]	claim	
that	 a	 measurement	 rate	 of	 200	 samples	 per	 second	 is	 achievable,	 which	 is	 well	 in	 the	 limit	 of	
monitoring	requirements.	

	

FIGURE	4-15	BLE-BASED	EEG	MONITOR	[31]	

ADDING	IP	TO	SENSOR	NETWORKS	

Advancements	 in	 Zigbee,	 Bluetooth	 and	 BLE,	 have	 triggered	 scalable	 and	 flexible	 deployment	 of	
Wireless	Sensor	Networks	of	small	embedded	devices	 in	monitoring	solutions.	While	this	seems	to	
suffice,	 the	 communication	 interoperability	 is	 still	 limited	 only	 to	 the	 devices	 that	 have	 the	 same	
protocol	as	Zigbee	or	BLE.	For	remote	monitoring,	these	sensors	should	be	connected	to	the	Internet.	



At	the	moment,	monitored	data	has	to	be	sent	to	a	gateway,	which	should	pose	interoperability	with	
Zigbee/Bluetooth	to	collect	the	data	and	also	with	the	IP	network	to	send	the	data	to	Internet.	

A	better	solution	is	adding	Internet	Protocol	(IP)	capabilities	to	sensor	platforms	to	connect	them	to	
the	Internet	directly.	This	will	enable	creating	intelligent	and	automatized	monitoring	nodes	that	could	
capture	data	and	make	it	instantly	available	in	a	cloud	or	any	part	of	the	network	on	Internet	without	
any	human	intervention	or	need	of	an	additional	gateway	platform	to	mediate	the	data.	

6LOWPAN	

The	6LowPan	[32]	(IPV6	over	Low-Power	Wireless	Personal	Area	Network)	standard	was	established	
to	 solve	 the	above	problem,	which	enables	 IPV6	 in	 low	power	wireless	networks	of	 IEEE	802.15.4	
standard	(WPAN).	6LowPan	primarily	defines	fragmentation	and	header	compression	mechanisms	for	
relaying	the	IPV6	packets	in	over	networks	such	as	Zigbee	and	BLE.	Adding	these	capabilities	will	make	
them	 interoperable	 with	 both	 802.15.4	 standard	 networks	 and	 especially	 with	 other	 IP-enabled	
devices	in	the	network.	

Though	 the	 advent	 of	 6LowPan	 standard	 is	 slowly	 revolutionising	 by	 adding	 IP	 capabilities	 and	
integrating	embedded	sensor	networks	to	the	Internet,	there	has	been	a	significant	development	in	a	
much	 more	 ubiquitous	 wireless	 technology	 widely	 known	 as	 Wi-Fi,	 which	 is	 becoming	 a	
proportionately	interesting	contender	for	sensor	networks	and	healthcare	applications.	

WLAN/WI-FI	

Wireless	Local	Area	Network,	as	its	name	implies,	is	a	wireless	extension	of	Local	Area	Network	(LAN).	
WLANs	support	wireless	communication	between	devices	 in	Local	Area	Networks	(LANs)	by	adding	
mobility	to	the	devices.	Developed	under	IEEE	802.11	standard,	Wi-Fi	 implements	the	Physical	and	
Data	layers	of	the	OSI	model	[33]	and	is	predominantly	known	in	the	world	as	Wi-Fi.	

Wi-Fi	 offers	 two	 principal	 networking	 models	 -	 infrastructure	 mode	 and	 ad-hoc	 mode.	 In	 the	
infrastructure	mode,	there	is	an	access	point,	through	which	all	the	devices	interact	with	each	other.	
In	ad-hoc	mode,	peer-to-peer	connection	 is	 realisable.	The	devices	connected	 in	ad-hoc	mode	can	
directly	 talk	 to	each	other	without	any	access	point.	 The	 infrastructure	mode	of	Wi-Fi	 is	 the	most	
popular	since	this	mode	is	often	ubiquitously	used	as	a	gateway	to	deliver	or	connect	to	the	Internet	
in	our	day-to-day	life	

CONVENTIONAL	WI-FI	

Being	developed	 to	cater	 the	needs	of	 LAN	applications,	 the	Wi-Fi	medium	 is	extensively	used	 for	
transferring	 a	 lot	 of	 multimedia	 information.	 Wi-Fi	 offers	 higher	 data	 rates	 and	 covers	 a	 better	
coverage	distance.	The	actual	data	rate	and	range	of	a	given	Wi-Fi	network	depend	on	the	frequency	
band	it	is	operating	on,	i.e.	its	bandwidth	and	the	type	of	antennas	used	in	that	particular	network.	
Figure	4-16	[34]	gives	an	overview	of	the	list	of	Wi-Fi	standards.		

	



	

FIGURE	4-16	EVOLUTION	OF	WI-FI	STANDARD	[34]	

EMERGENCE	OF	WI-FI	IN	HEALTHCARE	

In	healthcare	and	remote	monitoring	applications,	Wi-Fi	typically	comes	into	play	for	transporting	the	
monitored	data	to	a	remote	server	or	a	cloud	system	over	the	Internet	as	in	Figure	4-11.		Wi-Fi	has	
been	widely	used	as	a	gateway	 for	 the	web	due	 to	 its	native	 support	 for	 the	 traditional	and	well-
recognised	Internet	Protocol	(IP)	networks	which	forms	the	backbone	of	the	internet.	

This	 native	 characteristic	 of	 seamless	 integration	 with	 the	 TCP/IP	 stack,	 a	 well-established	
infrastructure,	 and	 its	 pervasive	 presence	 in	 the	 home	 and	 public	 environment,	 makes	 Wi-Fi	 an	
interesting	candidate	for	integrating	with	battery	operating	sensor	platforms	to	connect	them	with	
the	Internet.	

LOW	POWER	WI-FI	

With	energy	consumption	being	the	major	concern	for	using	Wi-Fi,	research	and	development	have	
made	significant	progress	in	making	low	power	Wi-Fi	devices.	Traditional	Wi-Fi,	which	was	designed	
for	immediate	response,	low	communication	latency	and	high	data	rates,	consumes	much	power	to	
satisfy	 the	 same.	To	begin	with,	Wi-Fi	devices	never	 stay	 idle	and	always	 scan	 the	communication	
channel	for	next	data	transmissions	even	when	there	might	be	none,	thereby	resulting	in	the	wastage	
of	power.	

From	the	perspective	of	a	remote	monitoring	application,	a	typical	operation	flow	for	a	Wi-Fi	device	
would	consist	of	a	bootup,	connection	 to	an	Access	Point,	periodic	check	with	 the	AP	 to	keep	 the	
communication	channel	alive	and	transfer	of	the	available	data.	However,	most	of	the	time	the	device	
will	be	doing	almost	nothing	i.e.	staying	in	the	idle	state.	With	high	Wi-Fi	data	rates	data	transfer	time	
will	be	small	due	to	the	minimalistic	data	payload	from	monitoring	applications,	which	thus	 leaves	
ample	idle	time.	

CONVENTIONAL	WI-FI	VS	LOW	POWER	WI-FI	

Low	power	Wi-Fi's	design	is	crafted	to	save	energy	by	taking	advantage	of	these	idle	times	and	also	
redefining	the	pinging	interval	with	the	AP.	Standby	and	Sleep	modes	have	been	introduced	to	reduce	
the	power	consumption	during	the	idle	time.	Gain	Spain,	an	active	manufacturer	of	low	power	Wi-Fi	
devices,	gives	a	performance	comparison	table	between	classic	Wi-Fi	and	low	power	Wi-Fi	devices,	
Figure	4-17	[35]	



	

FIGURE	4-17	COMPARISON	BETWEEN	CONVENTIONAL	AND	LOW	POWER	WI-FI	[35]	

Further,	 the	 comparative	 study	 by	 Serbulent	 Tozlu	 et	 al.	 [36]	 on	 energy	 consumption	 between	
6LowPan	and	commercial	off-the-shelf	(COTS)	low	power	Wi-Fi	device	known	as	G2M5477	indicates	
that	the	performance	of	the	latter	device	is	on	par	with	the	former	about	the	performance	results	for	
sending	small	size	packets.	Such	study	further	promotes	the	use	of	Wi-Fi	in	monitoring	applications	
and	practical	research	and	trials	carried	out	in	this	direction.	

Ramona	Georgiana	et	al.		[37]	discusses	the	use	of	a	ultra-low	power	Wi-Fi	system	on	Chip	G2C502	
enabled	sensor	tags	to	monitor	temperature	and	pressure	and	send	the	data	to	the	network	using	
TCP/IP.	 This	 paper	 concludes	 that	 use	 of	 Wi-Fi-enabled	 sensors	 offers	 reliable	 and	 secures	
communication	 with	 the	 Internet,	 higher	 area	 coverage,	 and	 increased	 bandwidth	 for	 data	
transmission.		

CHOICE	OF	COMMUNICATION	TECHNOLOGY	FOR	HOME	MONITORING	APPLICATIONS		

The	 discussion	 so	 far	 has	 reflected	 that	 though	 each	 wireless	 protocol	 possesses	 distinctive	
performance	and	power	consumption	characteristics,	all	of	them	have	been	subsequently	optimised	
for	use	in	wireless	sensor	networks.	S.	Khurram	et	al.	[38]	have	performed	a	comparative	study	on	Wi-
Fi,	 BLE	 and	 Zigbee	 standards	 to	 estimate	 their	 performance	 behaviour	 in	 intensive	 monitoring	
applications.	Figure	4-18	tabulates	the	features	offered	in	each	standard.	

	

FIGURE	4-18	COMPARISONS	OF	ZIGBEE,	BLE	AND	WI-FI	[38]	



To	understand	the	energy	comparison	S.	Khurram	et	al.	have	used	commercial	off-the-shelf	devices	
from	each	standard	and	tested	them	with	a	different	set	of	payloads.	Figure	4-19	shows	the	energy	
comparison	for	the	data	transmitted	in	bytes.		

	

FIGURE	4-19	ENERGY	CONSUMPTION	VS.	PAYLOAD	FOR	ZIGBEE,	BLE	AND	WI-FI	

Based	on	the	findings,	the	authors	[38]	claim	that	Zigbee	suits	best	for	applications	with	transmitted	
data	size	up	to	500	bytes.	Wi-Fi	consumes	the	least	amount	of	energy	when	the	data	to	be	transmitted	
800	KB	and	above.	For	the	intermediary	range	of	data	transmission	i.e.	500	bytes	to	800	KB,	BLE	would	
be	a	better	choice.	They	also	mention	that	Zigbee	takes	 lesser	time	to	establish	a	connection	with	
another	node,	while	Wi-Fi	the	duration	is	extended	thereby	consuming	more	energy	as	well.			

Above	discussions	have	shown	the	history	and	the	recent	diversity	of	advancements	 in	WPAN	and	
WLAN	standards	and	their	evolution	to	support	continuous	monitoring	applications	intensely.	Studies	
of	[28]	and	[29]	have	shown	that	ZigBee,	Bluetooth	which	has	been	widely	used	in	remote	monitoring	
and	 industrial	 automation	 has	 become	 an	 attractive	 candidate	 for	 healthcare	 applications.	 More	
interestingly	 low	power	version	of	Bluetooth,	 the	BLE	has	also	been	 introduced	which	extends	the	
battery	life	and	enables	long	time	monitoring	solutions	for	healthcare.	

Development	of	6LowPan	standard	has	added	IPV6	handling	capabilities	in	sensor	platforms	allowing	
it	to	become	an	integral	part	of	the	Internet.	It	has	also	extended	the	interoperability	of	WSN	networks	
by	supporting	communication	with	IP	networks.	

Traditional	Wi-Fi	standard,	well	known	for	its	ubiquity	and	native	support	for	the	IP	have	also	been	
optimised	for	low	power	consumptions.	New	ultra-low	power	Wi-Fi	devices'	power	consumption	has	
been	 claimed	 satisfactory	 for	 remote	 applications	 [37].	 Further,	 low-power	 Wi-Fi	 has	 become	
increasingly	 favourable	 for	 use	 in	 home	health	 since	 it	 does	 not	 need	 additional	 configurations	 in	
communication	with	home	gateways	and	 it	 takes	advantage	of	existing	 infrastructure	to	reach	the	
Internet.	

4.2.4 TECHNOLOGY	IN	HOME	ENVIRONMENT/SMART	PHONES	

Clinical	 and	 Home	 environment	 are	 becoming	 smarter	 and	 an	 integral	 part	 of	 our	 lives	 with	 the	
prevalence	 of	 smart	 devices,	 the	 Internet	 and	 the	 omnipresence	 of	 well-established	 and	 stable	
infrastructure	such	as	Wi-Fi.	



Smart	devices	are	also	considered	as	an	interesting	option	to	deliver	the	feedback	part	of	the	home	
the	health	care	components.	This	sections	proposes	the	necessary	research	question	to	explore	the	
technological	advancements	in	smart	devices.	

Question	#2.5:	What	 features	of	 the	 current	 day	 smartphone	or	 tablets	 can	be	used	 for	 delivering	
healthcare	solutions?	

Question	 #2.6:	 What	 are	 the	 interoperable	 communication	 standards	 available	 in	 today's	 smart	
devices	that	could	be	used	to	interact	with	wirelessly	enabled	sensor	platforms?	

SENSORS	AND	INTEROPERABILITY	OF	SMART	DEVICES		

Interoperability	of	Smartphones,	TV's,	tablet's	and	PCs	in	the	home	environment	have	been	extended	
with	 the	addition	of	 communication	standards	 such	as	Wi-Fi,	Bluetooth,	BLE,	NFC	along	with	 their	
native	 and	 seamless	 integration	 with	 the	 IP	 networks.	 The	 processing	 power/computational	
capabilities	 of	 these	 platforms	 have	 also	 been	 increased	 several	 folds	 over	 time.	 The	 recent	
smartphones	are	often	packed	with	several	sensing	capabilities	such	as	Accelerometer,	Gyroscopes,	
Proximity,	and	GPS	for	location	finding	etc.		

For	example,	Nexus	5	[41],	a	modern	smartphone	marketed	by	Google,	Inc.	holds	most	of	the	features	
mentioned	above.	It	consists	of	a	Qualcomm	Snap	Dragon	processor	clocked	at	2.2GHz	frequency	with	
a	2GB	of	RAM.	All	these	features	are	packed	in	the	dimension	of	a	handheld	device	and	could	last	8hrs	
in	a	single	charge	as	claimed	by	the	manufacturer.	Also,	it	supports	several	communication	standards	
such	as	Wi-Fi,	Near	Field	Communication	and	Bluetooth	4.0	out	of	the	box.	

Wi-Fi	and	Bluetooth	offer	enough	flexibility	 in	creating	ad-hoc	networks	and	enabling	peer-to-peer	
communication	 between	 the	 devices	 in	 the	 home	 environment.	 However,	 the	 introduction	 of	
Universal	Plug	and	Play	(UPnP)[42]	protocols	have	further	revolutionised	the	interoperability	among	
the	smart	devices	by	exposing	the	services	and	also	enabling	auto-discovery	among	them	over	the	
traditional	IP	layer	when	they	are	in	proximity	of	each	other.	

SMART	PHONES/TABLETS	IN	HEALTHCARE	

Powerful	 features	embedded	 in	Smart	Phones	have	made	healthcare	applications	steer	away	from	
personal	computers	as	their	processing	or	gateway	platforms	to	reach	the	internet.	Matthias	Görs	et	
al.	[18]	and	Fraden,	Jacob	[19]	have	pointed	out	the	role	of	smartphones	as	gateways	for	WSN	to	the	
Internet	and	their	present	day	significance	in	telemedicine	framework.		

Open	Source	operating	systems	such	as	Android,	running	on	many	modern	smartphones	[43],	have	
given	the	flexibility	and	resources	for	application	developers	and	caregivers	to	take	advantage	of	the	
powerful	features	on	board	for	vital	signal	monitoring.	Multiple	healthcare	applications	have	already	
been	developed	by	exploiting	sensors	and	camera	features	of	smartphones	such	as	Vital	Signs	Camera	
by	Philips	Innovations	[44].		The	app	uses	camera	in	it	to	predict	the	heart	rate	and	breathing	rate	and	
displays	it	back	to	the	user	in	graphical	representation	as	e.g.	in	Figure	4-20	



	

FIGURE	4-20	VITAL	SIGNS	CAMERA	APP	BY	PHILIPS	INNOVATIONS	[44]	

RICH	USER	INTERACTION	PLATFORM		

Smart	 Phones	 can	 be	 utilised	 as	 mobile	 User	 Interaction	 (UI)	 platforms	 in	 healthcare	 monitoring	
applications.	 Recent	 phones	 provide	 touch	 interface	 and	 high-resolution	 displays	making	UI	more	
interactive	than	before.		Several	device	manufacturers	have	been	already	using	this	feature	to	provide	
user	 interaction	on	 the	 vital	 signals	measured	 from	 their	wearable	wireless	 sensing	products.	 The	
platforms	often	use	Bluetooth	or	BLE	to	transmit	the	measured	data	wirelessly	to	the	smartphone.	
The	user	gets	live	updates	on	the	measured	data	on	their	phones'	display,	can	instantaneously	access	
and	interact	with	the	data,	send	it	to	a	cloud	platform	or	share	it	with	their	friends	on	any	social	media.	
Hxm	BT	heart	rate	monitor	from	ZephyrTM	[45]	is	one	example	of	such	interactive	health	application.	

CAREGIVING	PLATFORM	

The	above-mentioned	features	of	extended	interoperability,	better	mobility	and	interactive	UI	makes	
smartphones	 and	 tablets	 excellent	 candidates	 for	 deploying	 caregiving	 functionalities	 in	 a	 home	
environment.	 In	 a	 simple	 scenario,	 they	 can	 be	 used	 to	motivate	 the	 patient	 through	 interactive	
graphic	visualization,	schedule	reminders	for	next	appointment	etc.		

Clinicians	or	caregivers	can	access	patients'	measured	data,	sent	from	smartphones	to	a	remote	server	
or	 cloud,	 diagnose	 and	 provide	 an	 immediate	 intervention	 through	 video	 calling	 services	 such	 as	
Skype,	often	readily	available	in	smartphones	[46].	

4.3 ADDITIONAL	READINGS	

During	the	course	of	this	investigation,	it	emerged	that	addressing	the	security	and	privacy	concerns	
while	 proposing	 an	 ICT	 based	 solution	 in	 health	 care	 is	 of	 paramount	 importance.	Moreover,	 the	
upcoming	Internet	of	Things	(IoT)	is	found	to	be	a	fascinating	and	exciting	prospect	which	could	hold	
serious	promise	for	numerous	applications	in	everyday	life	in	the	near-future.	IoT,	born	out	of	smart	
integration	of	the	recent	advancements	in	communication	and	sensor	technologies	discussed	earlier,	



is	 found	 to	 be	 already	making	 its	 way	 into	 the	 healthcare	 sector.	 These	 two	 aspects	 are	 further	
discussed	in	the	following	and	final	section	of	this	chapter.		

4.3.1 INTERNET	OF	THINGS	(IOT)	

Louis	Coetzee	et	al.	[39]	infer	that	IoT	will	have	a	significant	influence	on	home	healthcare	applications	
in	the	future.	In	the	paradigm	of	IoT,	several	embedded	computer	devices	are	interconnected	with	
each	other	over	a	network	of	existing	Internet	to	deliver	services.	They	attribute	this	concept	of	IoT	to	
the	advancement	 in	communication	 technologies	 (Wi-Fi,	BLE,	etc.),	enabling	cheap	and	ubiquitous	
broadband	connectivity,	devices	with	high	processing	power	being	packed	into	a	much	smaller	area	
and	requiring	much	less	power	than	before.	Smart	devices	fitted	with	sensors	and	actuators,	create	
an	environment,	where	all	of	them	are	connected	to	a	network	with	the	ability	to	sense,	compute,	
and	interact	with	each	other	thus	intelligently	becoming	part	of	the	Internet.	

IoT	offers	much	flexibility	in	developing	applications	for	healthcare	and	remote	patient	monitoring:	

v Data	 collection:	 Wireless	 enabled	 sensors	 can	 support	 continuous	 patient	 monitoring	 by	
collecting	enormous	amount	of	information	autonomously	

v Data	availability:	Information	can	be	instantly	made	available	to	a	web	server	or	cloud	through	
internet	from	anywhere	in	the	world	

v Data	processing:	Complex	computations	for	processing	the	information	can	either	be	carried	
out	locally	or	can	be	done	in	the	cloud	with	distributed	processing	platforms	

v Data	accessibility:	Since	IoT	uses	the	Internet	for	connectivity,	the	processed	data	in	the	cloud	
can	be	easily	made	available	 in	 the	 cloud	 itself	or	pushed	 to	 smart	devices	making	 the	data	
instantly	available	

Over	time,	to	be	proactive	in	services	delivery,	the	healthcare	industry	has	been	focusing	on	using	
connected	devices	such	as	the	use	of	mobile	devices,	tablets,	PCs	and	smartphones,	etc.	

	

FIGURE	4-21	IOT	ARCHITECTURE	TO	MONITOR	ICU	PATIENTS	

Iuliana	Chiuchisan	et	al.	[40]	have	proposed	an	architecture	for	using	IoT	in	continuous	monitoring	of	
Intensive	 Care	 Unit	 (CU)	 patients	 to	 ensure	 a	 better	 quality	 of	 life.	Wireless	 enabled	 sensors	 are	
deployed	 in	 the	patients	 room	 to	monitor	 the	 ambience,	 and	Xbox	 kinetic	 is	 used	 to	monitor	 the	



activity.	The	deployed	sensors	make	autonomous	measurements	in	real	time	and	pass	the	data	to	the	
hospital	servers	over	Gateways	as	shown	in	Figure	4-21.	The	web-based	application	processes	the	data	
in	the	cloud	generating	alerts	and	feedback,	which	then	will	be	pushed	to	the	clinicians’	smart	devices	
for	notification.	Immediate	preventive	measures	can	be	initiated	quickly	in	worst-case	scenarios.	

4.3.2 EVOLUTION	OF	PRIVACY	AND	SECURITY	IN	HEALTHCARE	

It	is	vital	to	consider	the	security	of	the	data	that	is	being	collected	from	the	patients	while	designing	
a	healthcare	application.	Patients'	health	records	are	now	digitised	and	stored	in	a	central	server	as	
Electronic	 Patient	 Record	 (EPR).	 EPR	 is	 the	 systematically	 digitised	 collections	 of	 patient’s	 health	
information	records	containing	personal	patient	details,	their	disease	and	treatment	details.	

Since	patients'	 data	often	 contain	 sensitive	 information	 about	 their	 disease	nature,	 their	 personal	
information	such	as	age,	sex,	etc.,	they	often	refrain	from	disclosing	it	to	the	public.	The	Internet	is	
swarmed	 with	 malicious	 hackers	 who	 are	 always	 keen	 on	 exploiting	 and	 manipulating	 such	
information	for	their	personal	benefits.	The	data	collected	using	sensor	networks,	when	sent	to	the	
hospital	server	through	Internet,	makes	it	all	the	more	vulnerable,	especially	in	the	home	healthcare	
applications.		

Hence	in	this	section	an	additional	reading	is	carried	out	on	advancements	in	privacy	and	security	in	
health	care	to	complete	the	investigation.	

ROLE	BASED	ACCESS	TO	EPR		

M.	Meingast	 et	 al.	 	 [47]	 discuss	 the	potential	 risk	 involved	 in	 securing	 the	healthcare	 information	
collected	at	both,	hospital	and	home	care	environments.	For	upholding	data	integrity,	they	propose	
that	application	developers	must	have	a	clear	definition	on	the	required	data	access	levels.	This	can	
be	achieved	by	preparing	answers	to	the	below	questions:	

§ Who	is	the	owner	of	the	collected	data?	
§ What	data	will	be	collected	and	how	will	it	be	saved?	
§ Who	can	access	the	data?	
§ How	can	the	data	be	shared	between	doctors	with	a	patient	consent?	
§ How	 far	 is	 your	 application	 compatible	with	 regulatory	 frameworks	 such	 as	 The	American	

Health	Insurance	Portability	and	Accountability	Act	(HIPAA)?	

Later	in	their	conclusions,	they	claim	that	the	role-based	access	to	patients'	EPR,	proposed	by	E.	Mark	
et	al.	 	 [48]	 is	a	possible	solution	to	 limit	the	accessibility	of	data.	 In	a	role-based	access	solution,	a	
patients	EPR	will	consist	of	two	sections	of	data	

§ Section	1	–	Complete	list	of	personal	and	physiological	details	of	the	patient	
§ Section	2	–	Details	that	are	agreed	by	the	patient	to	be	disclosed	on	emergency	situations	

Subsequently,	 the	 access	 levels	 to	 the	 data	 will	 be	 categorised	 among;	 patients,	 doctors,	 and	
healthcare	workers.	These	priorities,	based	on	need-to-know	approach	specifies	who	may	see	which	
part	of	the	data.	This	gives	a	better	integrity	to	EPR	in	huge	clinical	healthcare	frameworks	used.	

	



SECURITY	IN	WIRELESS	NETWORKS	

Wireless	networks	are	often	a	primary	hotspot	for	the	data	snooping	and	skimming	among	hackers.	
Researchers	 have	 proved	 the	 inadequacy	 of	 the	 security	 layers	 in	 standards	 such	 as	 Wi-Fi	 and	
Bluetooth	and	exposed	their	vulnerabilities	[49]	[50]	numerous	times.	Also,	much	research	is	done	on	
improving	 e.g.	Wi-Fi	 security.	 Security	 feature	of	Wi-Fi	 [33]	 standards	have	evolved	 from	 its	weak	
Wireless	Encryption	Privacy	(WEP)	to	present	day	Wi-Fi	Protected	Access	standards	such	as	WPA2-PSK	
(TKIP),	WPA2-PSK	 (AES).	WPA2-PSK	 by	 using	 TKIP	 (Temporal	 Key	 Integrity	 Protocol)	 combines	 the	
passphrase	and	the	networks	SSID's	to	generate	unique	encryption	keys	for	each	client.		

Subsequently,	these	encryption	keys	are	constantly	adapted	to	enrich	security.	The	Present	standard	
of	WPA	is	WPA2-PSK	(AES),	which	integrates	the	critically	acclaimed	Advanced	Encryption	Standard	
for	network	encryption,	is	considered	to	be	the	most	secure	addition	for	Wi-Fi	standard	so	far.			

SECURITY	IN	WIRELESS	SENSOR	NETWORKS:	

Security	features	for	Wireless	Sensor	Networks	are	still	evolving	with	low	energy	consumption	being	
the	prime	factor;	attackers	often	use	this	to	their	advantage	and	make	resource	consumption	attacks	
by	sending	repeated	requests	aiming	to	drain	devices’	power.	

C.	Karlof	et	al.	[51]	have	developed	a	security	layer	called	TinySec,	which	is	particularly	optimised	for	
sensor	 networks.	 They	 implicate	 that	 adding	 extra	 security	 layers	 to	 sensor	 networks	 with	
conventional	encryption	algorithms	adds	overhead	 in	computational	power	and	consumes	a	 lot	of	
energy	 draining	 network's	 power.	 In	 TinySec	 the	 authors	 of	 [46]	 have	 created	 Link	 Layer	 security	
mechanisms	 that	 guarantee	 the	 authenticity,	 integrity,	 and	 confidentiality	 of	 messages	 with	 less	
energy	consumption.		

TinySec	design	comprises	of	two	custom	security	mechanisms:	TinySec-AE	and	TinySec-Auth.	TinySec-
AE	encrypts	the	data	payload	and	subsequently	authenticates	it	with	a	Message	Authentication	Code	
(MAC)	satisfying	the	message	integrity	criteria.	TinySec-Auth	authenticates	the	message	with	a	MAC	
without	data	payload	encryption.	The	encryption	and	authentication	 techniques,	when	 tested	 in	a	
sensor	network,	have	resulted	in	the	minimalistic	rise	of	10%	and	3%	in	energy	consumption	compared	
to	 the	 security	 features	 offered	 by	 them.	 They	 also	 assert	 that	 TinySec	 has	 been	 on	 par	with	 the	
security	features	of	the	IEEE	802.15.4	standard	for	sensor	networks.		

The	above	findings	by	E.	Mark	et	al.	[48]	and	C.	Karlof	et	al.	[51]	point	out	the	significant	works	carried	
out	in	adding	security	to	healthcare	information	systems	and	wireless	sensor	networks.	M.	Meingast	
et	 al.	 [47]	 concludes	 that	 with	 the	 evident	 shift	 of	 healthcare	 applications	 towards	 the	 remote	
monitoring	and	home	health	there	is	still	a	long	road	to	go	in	optimising	the	security	features	and	in	
providing	confidence	for	patients	to	use	such	systems	

	

	

	

	 	



5 PROTOTYPE/POC	DEVELOPMENT	

The	next	phase	of	the	work	is	prototyping	a	home	care	solution	based	on	the	knowledge	gained	in	
chapter	4.	The	prototyped	solution	is	a	Point	of	care	terminal	for	home	care.	The	chapter	begins	by	
explaining	the	concept	of	POC,	its	characteristics	resemblances	to	home	care	requirements	and	then	
moves	forward	with	the	prototyping	there	by	answering	the	last	research	question	of	the	Work.	

POINT	OF	CARE	TERMINAL	(POC)	

The	 concept	 of	 POC	 terminal,	 in	 general,	 is	 any	 piece	 of	 technology	 that	 makes	 diagnostic	
measurements	using	few	body	sensors	analyses	them	and	gives	immediate	feedback	at	the	point	of	
care.	 POC	 systems,	when	 used	 in	 the	 home	 environment	 can	 be	 used	 to	 deliver	 a	 patient-centric	
treatment	approach	for	COPD	treatment.		
	
Few	Advantages	of	POC	in	home	therapy	includes	

• Monitoring	patients	in	their	convenient	environments/	remote	monitoring	
• Quicker	results	/	remote	diagnostics	
• Immediate	clinical	management	/	feedback		
• Satisfaction	throughout	the	treatment	Process-	Increases	adherence	towards	treatments	
• Reduces	the	number	of	visits	to	hospital		

It	 is	clearly	evident	 that	developing	a	POC	for	COPD	satisfies	all	 the	primary	aspects	of	Home	care	
required.	The	idea	of	POC	comes	from	Philips	who’s	as	a	contributor	to	the	MAS	[2]	project	Philips	has	
aimed	 to	 develop	 a	 low-cost	 POC	 solution	 for	 COPD	 home	 management.	 We	 move	 forward	 by	
prototyping	a	POC	next	with	the	knowledge	gained	so	far.	

5.1 Requirements	/	POC	

Q3:	 What	 functionalities	 must	 the	 prototype	 possess	 to	 be	 an	 effective	 solution	 for	 home	
management	of	COPD	patients?	

Towards	 addressing	 this	 question,	 the	 core	 functionality	 and	 the	necessary	 requirement	 needs	be	
fulfilled	 by	 the	 prototype	 pertaining	 to	 the	 COPD	 patients	 are	 laid	 out	 next.	 This	 is	 followed	 by	
developing	the	system	architecture,	designing	the	system	in	detail	by	 focusing	on	design	choice	of	
relevant	 ICT	 components	 i.e.,	 Hardware	 selection	 and	 their	 interactions	 and	 finally	 the	 software	
implementation	integrating	the	components	as	per	the	adopted	research	methodology.	

5.1.1 FUNCTIONALITY:	BREATHING	PATTERN		

The	core	 functionality	of	 the	prototype	must	be	defined	at	 this	point	 in	 time.	For	COPD	this	 is	 the	
patient’s	breathing	pattern	based	on	the	following	evidence	below.	

GOLD	considers	 the	Spirometry	 test	done	at	 the	hospitals	 to	be	 the	baseline	 to	estimate	patients'	
health	status	and	the	disease	progression	as	mentioned	in	Section	1.1.	In	other	words,	measuring	lung	
capacity	 through	breathing	patterns	 is	 considered	as	 a	measuring	 factor	of	 a	COPD	patient	health	
status.		



When	Spirometry	is	translated	into	a	home	care	solution,	remote	monitoring	of	patients'	breathing	
patterns	 can	 be	 accomplished	 giving	 a	 direct	 correlation	 between	 their	 health	 status/	 disease	
progressions	by	clinicians,	resulting	in	an	efficient	and	economical	care.		

To	 fulfil	 the	 requirements	of	Spirometry,	 the	solution	 to	be	prototyped	 implements	 the	care	cycle	
provided	during	the	Spirometry	i.e.,	the	COPD	training	cycle	in	the	home	environment.	Subsequently,	
the	 following	sections	exhibit	parts	of	 the	training	cycle	and	highlight	 the	necessary	 functionalities	
required	for	performing	each	part	of	the	training	that	should	be	realised	in	the	POC	terminal.	Also	it	
specifies	the	necessary	design	considerations	for	the	POC.		

COPD	TRAINING	CYCLE	

During	the	Spirometry	clinicians	 instruct	 the	patients	 to	make	a	different	 long	and	short	breathing	
patterns	 to	estimate	 the	Forced	Expiratory	Volume	 (FEV1)	 [11].	This	cycle	 is	 repeated,	and	several	
measurements	 are	 taken	 in	 a	 session.	 In	 each	 session,	 the	 breathing	 results	 are	 monitored,	 and	
feedback	 is	given	encouraging	them	to	breathe	better	to	 improve	the	 lung	functionality	Figure	5-1	
portrays	a	simple	training	cycle.	

	

FIGURE	5-1	PATIENT	TRAINING	PROCESS	

BREATHING	TRAINING	

Patients	 are	 given	 instructions	 to	 perform	 breathing	 actions	 such	 as	 inhalation	 and	 exhalation	 at	
different	periodic	intervals.	In	home	care,	the	point	of	care	terminal	should	provide	a	visual	training	
notification	to	the	patient	intimating	when	to	perform	their	inhalation	and	exhalation.	

RESULT	MONITORING	

In	this	phase,	the	trainer	monitors	and	analyses	the	training	results.	This	is	used	to	understand	the	
patient’s	lung	health	and	also	their	adherence	to	the	training.	Further,	this	step	requires	the	
breathing	data	to	be	measured	and	sent	to	the	hospital	server	by	the	PoC	terminal	

FEEDBACK	AND	MOTIVATION	

In	this	stage,	the	patients	receive	feedback	about	their	training.	This	motivates	them	to	continue	their	
training	when	their	adherence	 is	 low	and	also	when	their	breathing	training	 is	 incoherent	with	the	
actual	training.	The	counselling	may	include	the	following	points:	

	

Monitoring

MotivationBreathing	
Training



v Improvement	in	the	breathing	training	
v Frequency	of	training	
v Schedule	for	subsequent	visits	to	the	clinic	

Motivation	 and	 feedback	 are	 an	 essential	 part	 of	 this	 process	 as	 the	 progressive	 nature	 of	 COPD	
disease	makes	it	hard	to	perform	even	day-to-day	physical	activities.	Patients	often	get	demoralised	
soon	without	sufficient	motivation.	
	

5.1.2 DESIGN	FACTORS	FOR	POC	

MOBILITY	

Home	 management	 should	 make	 the	 patient	 more	 comfortable	 towards	 the	 treatment	 process	
without	affecting	much	of	their	lifestyle.	The	most	important	factor,	in	that	case,	is	mobility.	

The	mobility	of	the	device	gives	the	user	more	flexibility	in	using	the	device	in	any	place	of	their	home	
at	their	convenient.	By	mobility,	 it	also	means	the	device	should	be	 independent	and	can	function	
alone	without	interaction	with	another	device.		Communication	with	other	devices	can	be	given	as	an	
option,	but	the	device	should	have	the	necessary	basic	functionalities.	

Mobility	implies	the	device	should	have	the	following	features:	

� Small	and	Compact;	
� Handheld;	
� Lightweight;	
� Battery	operated;		
� Long	term	monitoring;	
� Standalone.	

EASE	OF	USABILITY	

Devices	 developed	 for	 home	 management	 should	 not	 have	 complicated	 options	 like	 the	 clinical	
devices,	the	devices	should	involve	very	less	user	intervention	for	the	using	them.	In	the	case	of	COPD,	
the	device	is	often	targeted	towards	the	elderly	people,	if	the	devices	have	complicated	interface	it	
will	confuse	the	patient	and	reduce	the	adherence	in	using	the	device	or	the	entire	treatment.	Hence	
ease	of	device	usability	should	be	considered	in	the	device	design	

5.2 System	Architecture	

RESEARCH	METHODOLOGY	PHASE:	DEVELOP	A	SYSTEM	ARCHITECTURE	

	 The	 next	 part	 of	 the	 prototype	 is	 to	 design	 the	 system	 architecture	 by	 identifying	 the	 system	
components,	 their	 features	 and	 interactions	 based	 on	 the	 requirements	 and	 design	 consideration	
mentioned	in	the	chapter	ahead.	To	start	with	the	following	research	question	is	added:	

Question#3.1.:	What	will	be	a	suitable	architecture	for	a	home	healthcare	of	COPD	patients?			

	

	



ARCHITECTURE	

The	point	care	of	terminal	will	implement	the	COPD	training	cycle	as	specified	before.	To	achieve	the	
COPD	 training	 cycle	 in	 the	 home	 environment	 the	 breathing	 patterns	 of	 the	 patient	 should	 be	
recorded,	 transmitted	 analysed,	 and	 feedback	 should	 be	 provided.	 From	 the	 requirements	 of	 the	
COPD	training	cycle	and	with	the	conclusions	drawn	from	the	studies	on	the	healthcare	frameworks	
using	the	advancements	of	ICT	[17][18],	the	proposed	design	for	home	management	of	COPD	is	shown	
in	Figure	5-2		

	

FIGURE	5-2	SYSTEM	DESIGN	FOR	COPD	HOME	MANAGEMENT	

The	system	design	covers	the	entire	care	cycle	for	the	COPD	home	management.	It	consists	of	home	
and	 hospital	 environment.	 Following	 are	 the	 principal	 components	 of	 the	 system	 that	 satisfies	
respective	the	stages	of	care	cycle:	

COMPONENT	#1:	BREATHING	TRAINING	(POC	TERMINAL)	

Component:	Breathing	Training	device		

The	training	device	is	the	principal	component	of	the	training	cycle,	and	it	facilitates	breathing	
training	and	measurement	

• Training	 will	 be	 accomplished	 by	 delivering	 training	 notifications	 on	 begin	 and	 end	 the	
inhalation	and	exhalation	process.	

• Breathing	pattern	of	the	patient’s	will	be	captured	using	sensors	and	stored	in	the	device	
• The	data	stored	in	the	device	will	be	transmitted	to	the	remote	server	for	remote	

diagnostics	and	to	give	feedback	to	the	patient’s		

COMPONENT	#2:	RESULT	MONITORING		

Component:	Home	Gateway		

The	home	gateway	is	the	communication	bridge	that	binds	the	home	environment	and	the	hospital	
environment.	 It	 is	principally	a	Wi-Fi	router	available	in	the	home	environment.	Through	the	home	
gateway	



• The	measured	data	is	sent	to	the	remote	server	over	the	internet	thereby	enabling	remote	
monitoring	

• The	control	commands	between	the	training	device	and	the	caregiving	application	

Component:	Hospital’s	UI	Interface	

The	hospital	environment	will	comprise	of	hospital	management	system,	which	could	be	used	by	the	
doctors	for	remote	monitoring	and	diagnostics.	In	this	project,	we	assume	the	hospital	management	
system	 is	 a	 Computer	 connected	 to	 the	 Internet	 and	 have	 a	web	 browser	 installed	 to	 access	 the	
breathing	pattern	of	the	patients	from	the	hospital	server.	Another	partner	of	the	MAS	[60]	project	
will	develop	this	web-based	application.	

COMPONENT	#3:	FEEDBACK	AND	MOTIVATION	(POC	TERMINAL)	

Component:	Caregiving	platform 

This	 platform	 covers	 the	 Feedback	 and	motivation	 aspect	 of	 the	 training	 cycle.	 Additional	 it	 also	
provides	control	over	the	training	device.	The	platform	is	principally	a	smart	device	of	choice	available	
in	home	environment	installed	with	care	application.	The	application	will	

• Provide	feedback	and	motivation	to	improve	the	training	cycle	for	the	patient	based	on	
the	data	

• Audio	and	video	communication	with	the	clinician	for	further	motivation	
• Control	over	the	developed	breathing	training	device	and	provides	essential	interaction	

with	 it	 such	 as	 start	 and	 stops	 the	 training	 cycle.	 Start	 the	 data	 transfer	 between	 the	
training	device	and	the	remote	server.	

Together	the	training	device	and	the	caregiving	platform	comprise	the	Point	of	Care	terminal	for	the	
COPD	home	management.	

With	the	overall	system	architecture	being	established	denoting	the	principal	components	and	their	
interactions	 in	 achieving	 the	 care	 cycle,	 the	 next	 part	 of	 the	 system	development	 process	will	 be	
designing	and	implementing	the	system.	

5.3 Development		

RESEARCH	METHODOLOGY	PHASE:	ANALYSE	AND	DESING	THE	SYSTEM	

This	section	discusses	development	of	components	belonging	to	the	respective	steps	of	the	COPD	care	
cycle,	and	integrating	it	with	the	developed	software.		

In	 the	 first	 section	of	 this	 chapter,	 the	design	of	 the	 system	components	 is	discussed	wherein	 the	
aspects	of	development	of	each	component,	such	as	e.g.	defining	its	functional	requirements,	design	
factors,	and	establishing	the	motivation	for	choosing	relevant	ICT	technologies.		

In	the	second	part	of	this	chapter,	the	description	of	software	implementation	carried	out	to	integrate	
the	PoC	terminal	and	the	caregiving	platform	with	the	hospital/remote	server	is	provided	in	detail.	

	



5.3.1 Design	of	System	Components	

The	Point	of	Care	terminal	comprises	of	two	components	

v Breathing	training	device		

v Caregiving	platform		

BREATHING	TRAINING	DEVICE	[POC	TERMINAL]	

DEVICE	DESIGN	

With	the	emphasis	on	mobility	and	ease	of	usability	in	home	healthcare	having	been	established,	it	is	
evident	that	training	device	should	be	hand-held,	stand-alone	and	battery	operated	with	the	following	
functionalities:	

• Delivering	training	notifications	to	the	patients	
• Capturing	and	storing	the	training	data	
• Transmitting	the	collected	training	data	over	internet.		

The	device	design	is	subsequently	divided	into	the	following	parts:	

• Breathing	Chamber	Design	
• Hardware	selection	
• Software	implementation.		

BREATHING	CHAMBER	DESIGN	

In	devices	like	Spirometer	[9]	patient	have	to	breathe	through	a	pipe,	which	will	consist	of	sensors	at	
its	end	to	record	the	breathing	pattern.	Hence	to	measure	the	breathing	patterns	a	compact	handheld	
breathing	chamber	will	be	designed				

The	 breathing	 chamber	 is	 a	 hollow	 cylindrical	 structure	 with	 an	 opening	 on	 both	 the	 ends.	 A	
mouthpiece	is	placed	at	one	end	of	the	breathing	chamber,	and	the	other	end	is	left	free	for	the	air	to	
enter	and	exit	during	inhalation	and	exhalation	as	shown	in	Figure	5-3	

		

	

	

	

To	make	the	device	handheld	a	hollow	cylindrical	structure	is	placed	perpendicular	to	the	breathing	
chamber	allowing	the	patient	to	hold	the	device	during	the	breathing.	This	chamber	is	sealed	from	the	
breathing	chamber	to	avoid	leakage	of	the	air.	The	final	design	is	shown	in	Figure	5-4.	
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FIGURE	5-3	BREATHING	CHAMBER	



	

	

	

	

	

	

	

	

	

After	the	physical	structure	of	the	device	being	designed,	the	next	goal	in	the	design	process	is	to	meet	
the	functional	requirements	of	breathing	training	device.		

TRAINING	NOTIFICATIONS	

For	training	the	patient	to	make	a	particular	breathing	pattern	implicates	giving	notifications	on	when	
to	make	the	inhalation	and	the	exhalation.		

I-neb	 from	 Philips	 [52]	 used	 for	 nebulization	 indicates	 the	 patients	 through	 vibration	 in	 the	
mouthpiece	about	when	to	start	or	stop	breathing	and	also	if	they	are	holding	the	device	in	a	wrong	
position.	It	uses	a	small	LCD	monitor	that	delivers	emoticons	based	on	the	success	of	the	breathing.		

In	our	device,	the	notifications	are	delivered	with	the	help	of	programmable	multicolour	LEDs	(Light	
Emitting	Diodes).	Colour	transitions	are	used	to	notify	when	to	start	and	stop	the	breathing	process.	
Added	to	delivering	notifications,	the	LED	will	also	indicate	the	current	state	of	the	training	the	device.	

The	multicolour	LED	is	placed	on	top	of	the	breathing	chamber	toward	the	opened	end	to	give	a	better	
vision	for	the	user.	

CAPTURING	AND	STORING	THE	BREATHING	DATA	

When	the	user	breathes	through	the	breathing	chamber,	 the	pressure	and	temperature	 inside	the	
chamber	vary	accordingly.	

1. Inhalation	process	reduces	the	pressure	and	temperature	of	the	chamber	
2. Exhalation	process	increases	the	pressure	and	temperature	of	the	chamber	

This	 variation	 in	 the	 physical	 quantity	 can	 be	 digitised	 using	 sensors	 and	 a	 processing	 platform	
comprising	of	 the	microcontroller.	 Studies	 from	 [20]	 and	 the	exploration	of	 the	marketplace	have	
established	 the	 availability	 of	 Commercially	 of	 the	 shelf	 (COTS)	 low	 power	 sensors	 with	 better	
accuracy	at	very	 low	cost	and	well-established	communication	standards	to	be	used	together	with	
microcontrollers.	 Further,	 these	 sensors	 are	 available	 with	 on-board	 processing	 capabilities	 to	
produce	a	clean	digitised	signal.	

Mouth	Piece		

Opened	End		Hollow	cylindrical	
Chamber	
		

Airflow			

FIGURE	5-4	BREATHING	CHAMBER	WITH	HOLDER	

	



The	 sensors	 are	 triggered	at	periodic	 intervals	 to	 capture	 the	 values,	 and	 the	 collected	 values	 are	
stored	inside	in	memory.	The	interval	of	capturing	may	be	varied	to	meet	the	necessary	resolution	of	
measurement	data.	The	sensors	are	placed	near	the	mouthpiece	of	the	breathing	chamber.	

TRANSMITTING	THE	STORED	RESULTS	

Training	results	should	be	eventually	forwarded	to	the	clinician	for	diagnostics	and	patient	counselling	
for	practical	training.	For	transmitting	the	data	to	the	hospital	server,	the	device	should	be	provided	
with	a	connection	to	the	Internet.		

SELECTION	OF	THE	WIRELESS	MODULE	

To	adhere	to	the	mobility	factor	of	the	developing	device,	adding	IP	capability	directly	into	the	device	
using	 wireless	 communication	 modules	 is	 a	 strong	 solution.	 Findings	 from	 [38]	 have	 already	
established	 that	 communication	 standards	 such	 as	 ZigBee,	 Bluetooth,	 BLE	 and	 Wi-Fi	 has	 been	
optimised	for	low	power	consumption	and	are	prevalently	used	for	enabling	wireless	capabilities	in	
remote	monitoring	applications	

ZigBee	 is	 widely	 accepted	 for	 deploying	 sensor	 networks	 but	 requires	 6LowPan	 to	 have	 the	 IP	
capabilities	enabled.	Also,	it	has	a	limited	range.	This	affects	the	mobility	of	the	device	when	used	in	
a	home	environment	where	the	patient	shall	not	be	forced	to	sit	in	a	particular	place	to	use	the	device.	

Bluetooth	 especially	 BLE	 have	 been	 well	 optimised	 for	 low	 power,	 and	 long	 term	 monitoring	
applications	but	they	often	require	gateways	device	such	as	smart	phone	or	a	computer	enabled	with	
similar	 communication	 standard	 to	 get	 to	 the	 Internet.	 While	 BLE	 shows	 a	 great	 potential	 for	
monitoring	application,	lack	of	IP	interoperability	is	a	limiting	factor	for	the	device.	

Wi-Fi	overcomes	the	above	mentioned	drawback	of	the	lack	of	IP	capabilities	in	WPAN	technologies.		
Wi-Fi	 by	 default	 provides	 IP	 capabilities	 and	 it	 is	 also	 used	 for	 adding	 the	 IP	 compatibility	 in	 the	
breathing	training	device.	Apart	from	IP	protocols	support,	below	are	the	additional	benefits:	

� Wi-Fi	 is	prevalently	available	 in	the	home	environment	and	could	be	used	as	a	gateway	to	
connect	to	the	Internet.	

� Wi-Fi	is	well	established	and	provides	a	stable	infrastructure,	which	could	be	used	without	any	
additional	costs.	

� Using	Wi-Fi	increases	the	interoperability	of	the	breathing	device	with	any	other	IP-enabled	
device.	Subsequently,	Wi-Fi	enabled	devices	are	becoming	more	predominate	in	day-to-day	
life.	

� Wi-Fi	offers	better	coverage	thereby	 increasing	the	mobility	 in	using	the	breathing	training	
device.	

� Ultra-low	 power	 consuming	Wi-Fi	 modules	 has	 been	 found	 suitable	 for	 battery-operated	
devices	[37]	[38].		

� The	applications	require	sending	shorts	burst	of	data	for	a	small	interval	after	each	training.	
Low	power	Wi-Fi	 devices	with	 configurable	 sleep	modes	and	higher	data	 rates	will	 be	 the	
suitable	solution	[36]	[38].	

� Also,	Low-cost	Wi-Fi	modules	are	prevalently	available	in	the	market	as	commercially	off	the	
shelf	devices	[35].	

The	 stored	 results	 in	memory	 are	 sent	 to	 the	 selected	Wi-Fi	module,	 which	 then	 connect	 to	 the	
Internet	via	the	home	gateway	and	transmit	the	data	to	the	hospital	server.	



HARDWARE	SELECTION	

The	design	phase	has	established	the	composition	of	the	ICT	components	and	the	principles	used	in	
realising	the	functionalities	of	the	breathing	training	device.	In	this	section,	the	hardware	components	
selection	for	implementation	and	motivation	for	choosing	them	will	be	established.	The	motivations	
are	derived	from	the	literature	studies	carried	out	in	the	last	section.		

The	hardware’s	used	in	the	device	implementation	are:	

� BlinkM	
� Sensors	

� Pressure		
� Temperature		

� FlyPort	module.	

BLINKM	

BlinkM	 Figure	 5-5	 [53]	 is	 a	 Programmable	 smart	 LED.	 It	 is	 used	 to	 deliver	 notification	 for	 training	
through	specific	colour	transitions	indicating	inhalation	and	exhalation	instance.	

	

FIGURE	5-5	BLINKM	LED	[53]	

Features:	

� Programmable	three	colour	channels	with	variable	timing	and	fading	speeds	
� I2C	communication-	easy	to	integrate	with	Microcontrollers	
� Low	power	consumption.		

SENSORS	

Sensors	are	used	to	measure	the	change	in	the	pressure	and	temperature	in	the	breathing	chamber	
during	the	breathing	process.	Sensors	were	selected	based	on	the	following	criteria	

1.	High	resolution		

The	effectiveness	of	 the	diagnosis	 in	home	healthcare	depends	on	 the	accuracy	of	 the	data	being	
measured.	Higher	resolution	results	in	accurate	breathing	pattern,	which	is	essential	for	diagnosing	
the	patient	health	

2.	Fast	conversion	time		

Sensors	require	time	to	convert	the	measured	physical	quantity	into	digital	values.	This	value	limits	
the	number	of	readings	that	could	be	taken	in	a	second	by	using	the	sensor.	 In	our	case,	a	regular	
breathing	pattern	will	take	7	seconds.	Faster	conversion	time	enables	to	gather	more	data	in	a	given	
period,	which	will	give	a	detailed	breathing	plot.	



3.	I2C	communication		

	I2C	 [54]	 being	 a	 well-established	 standard	 by	 Philips	 have	 been	 widely	 used	 for	 external	
communications	in	embedded	systems.	It	has	several	advantages:			

� Easy	Interface	with	microcontrollers,	less	development	time;		
� Synchronous	serial	communication;	
� Simplicity	in	addressing	and	messaging	to	the	peripheral	(master-slave	communication);	
� Configurable	Speed	of	communication	between	100khz	and	400khz;		
� 7-bit	addressing	solution	enables	communication	with	127	slaves	at	a	time.	

4.	Low	power	consumption	

Since	the	device	will	be	operated	on	battery,	sensors	with	low	and	ultra-low	power	were	considered	
for	increasing	the	operating	time.	

Two	sensors,	pressure	and	temperature	were	used	in	measuring,	they	were	chosen	by	satisfying	all	
the	features	mentioned	above.	

PRESSURE	SENSOR	

The	pressure	sensor	used	was	BMP085	a	digital	pressure	sensor	developed	by	Bosch	Sensor-Tec	for	
industrial	application	[55],	A	breakout	version	of	the	BMP085	is	used	during	the	implementation	as	in		
Figure	5-6	

	

FIGURE	5-6	BMP085	PRESSURE	SENSOR	[55]	

The	sensor	has	four	operating	modes:	

� Ultra-low	power	mode;		
� Standard	mode;		
� High-resolution	mode;	
� Ultra-low	resolution	mode.	

Sensors	accuracy,	conversion	time,	resolution	and	power	modes	can	be	configured	by	choosing	the	
appropriate	mode.		

Accuracy	and	Range:		Pressure	range	that	can	be	measured	by	the	sensor	is	300	to	1100hpa	with	an	
accuracy	of	0.01	hpa			

Conversion	time:	The	Sensor	has	four	different	conversion	time	based	on	the	type	of	operating	mode	
chosen.	The	conversion	time	can	be	determined	between	4.5ms	and	25.5ms.	

I2C:	It	has	built	in	I2c	capabilities,	with	a	maximum	clock	speed	of	3.5	MHz						



Power	consumption:	The	sensor	consumes	a	maximum	of	1000	µA	during	the	conversion	process.	

TEMPERATURE	SENSOR	

TMP102	a	low	power	digital	temperature	sensor	by	Texas	Instruments	was	used	for	the	purpose	of	
temperature	measurement	[56]	Figure	5-7	

	

FIGURE	5-7	TMP102	TEMPERATURE	SENSOR	

Accuracy	 and	 range	 of	measurement:	The	 sensor	 has	 a	 resolution	 of	 0.0625deg	 Celsius	 bit	 over	 the	
measurement	range	of	-25	degree	Celsius	to	85	degrees	Celsius.	

Conversion	time:	The	conversion	time	of	the	sensor	varies	between	25	milliseconds	and	35	milliseconds		

I2C:	The	sensor	has	inbuilt	I2C	capability	with	a	maximum	clock	speed	of	3.4MHz	

Power	consumption:		Power	consumption	ranges	from	7	µA	to	80	µA	based	on	the	I2C	clock	frequency	
used.		

FLYPORT	

Flyport	Wi-Fi	platform	developed	by	OpenPicus	is	a	programmable	microcontroller	system-on-module	
with	integrated	Wi-Fi	(802.11	b/g/n)	transceiver	[57]	(Figure	5-8).	FlyPort	makes	it	simple	to	connect	
sensors	with	the	Internet,	which	is	one	of	the	main	application	areas	for	the	device	as	well.	Flyport	
has	 developed	 for	 IoT-based	 applications	 and	 has	 been	 optimised	 for	 low	 power	 consumption.	 It	
provides	the	application	developer	with	flexibility	to	configure	the	Wi-Fi	 transceiver	 for	 low	power	
consumption,	which	makes	it	a	suitable	platform	for	prototyping	the	training	device.	

	

FIGURE	5-8	FLYPORT	WI-FI	[57]	

Hardware	description:	

FlyPort	 uses	 the	 Microchips	 PIC24FJ	 [57]	 microcontroller	 to	 control	 the	 Wi-Fi	 transceiver	
MRF24WB0MA	[58]	by	microchip.	It	consists	of:	

	



• TCP/IP	stack		
• FreeRTOS	
• OpenPicus	Framework	(IDE	for	developing	applications)	
• Custom	user	Firmware		
• Serial	bootloader	

Applications	can	be	built	using	the	OpenPicus	framework	IDE.	Flyport	then	uses	a	custom	serial	boot	
loader	 to	write	 the	 application	 into	 the	microcontroller	 flash	memory.	 The	 hardware's	 inside	 the	
Flyport	are	

Microchip	PIC24FJ	micro-controller:		

• 16-bit	controller	with	a	processing	power	of	16	Million	Instructions	per	minute;		
• 256KB	of	flash	memory	and	16KB	of	RAM;	
• Configurable	I/O	ports;		
• Peripheral	communication	protocols	such	as	UART,	I2C,	SPI,	etc.	
• Low	power.		

Wi-Fi	transceiver	(MRF24WB0MA):	

• 802.11	b/g/n	Wi-Fi	certified;	
• Data	rate	of	1Mbps;		
• Programmable	through	the	Serial	peripherals	interface	SPI;			
• Low	power	consuming	modes:	Hibernation	and	Sleep;	
• 4	operational	states	–	Active,	sleep,	hibernate,	standby.		

With	 this	 hardware	 and	 software	 combination,	 the	 FlyPort	 platform	 provides	 several	 interesting	
features	that	made	it	more	suitable	for	the	requirement	of	the	project	such	as	

� Built-in	configurable	web	server;	
o The	web	server	can	be	used	as	a	browser-based	user	interface	and	also	the	Flyport	

can	be	configured	through	the	web	server.	
� Email;	

o Emails	can	be	sent	to	the	clinician	to	book	an	appointment.	
� FTP,	TCP/UDP	protocols;	 	

o Data	can	be	directed	to	the	remote	server	using	one	of	the	protocols.	
� Over	the	air	firmware	upgrade;		

o New	Training	pattern	can	be	updated	remotely	
� Low	power	consuming	modes		

o Device	can	be	put	in	Sleep	or	Hibernation	mode	to	extend	battery	life.	

CAREGIVING	PLATFORM	[POC	TERMINAL]	

The	 next	 component	 of	 POC	 is	 the	 care	 given	 platform.	 The	 care	 application	 should	 provide	 the	
necessary	feedback	and	motivation	for	the	training	cycle.	Application	should	be	developed	with	the	
following	functionalities:	

v Interaction	with	the	built	breathing	training	device	and	control	it	
v Collect	the	measured	data	store	in	POC	
v Provide	feedback	and	motivation	for	the	patient	based	on	the	data	
v Enabled	audio	and	video	communication	with	the	clinicians.	



From	the	literature	study	it	is	conclusive	that	Smart	devices	have	been	widely	accepted	in	healthcare	
[18]	and	monitoring	applications	[44]	due	to	the	diversity	of	features	[41]	offered	by	them.	

v Simple	and	efficient	User	Interactions	through	touch	screens	
v Availability	of	wireless	communication	standards	such	as	Wi-Fi,	Bluetooth	and	Bluetooth	

Low	Energy	
v Open	Source	Operating	systems	like	Android	for	effective	prototyping	
v Great	on-board	processing	capabilities.			

These	features	have	made	the	smart	device	a	perfect	candidate	for	running	the	care	application.	

INTEGRATION	WITH	HOSPITAL	/REMOTE	SEVER	[RESULT	MONITORING]	

The	measured	data	has	to	be	sent	to	the	remote	server	for	further	diagnostics.	A	User	Interface	should	
be	provided	that	could	talk	with	the	remote	server	and	present	a	visual	representation	of	the	measure	
data	for	the	clinicians.	Defining	the	functionalities	of	the	UI	is	not	in	the	scope	of	this	project	but	this	
is	handled	by	Evalan	 [60]	another	partner	of	 the	MAS	project.	Functionalities	will	be	added	to	 the	
training	device	and	the	care	application	to	forward	the	measured	training	data	to	the	remote	server.	

This	 concludes	 the	 design	 phase	 of	 the	 system	 development.	 All	 the	 functionalities	 that	 will	 be	
accomplished	 and	 the	 choice	 of	 ICT	 components	 that	will	 be	 used	 in	 implementing	 the	 breathing	
training	device	and	the	caregiving	application	of	POC	have	been	established.	Further	the	motivation	
behind	the	choice	of	the	hardware	components	and	communication	standard	have	also	been	created	
during	this	phase.	The	next	step	of	the	process	is	to	proceed	with	building	the	system	i.e.	software	
development.	

5.4 	Software	Implementation	

RESEARCH	METHODOLOGY	PHASE:	BUILD	THE	SYSTEM	

The	principal	part	of	 the	system-building	phase	 is	developing	software	applications	 integrating	 the	
hardware	components	and	establishing	the	required	communication	between	them.	

Software	implementation	phase	is	carried	out	in	two	parts:	the	application	on	the	Fly-Port	module	and	
the	caregiving	application	on	the	Android	platform.			

5.4.1 FLYPORT	APPLICATION	

The	application	on	Fly-Port	will	provide	the	following	functionalities:	

� Controlling	the	colour	transition	in	the	Programmable	LED	(BlinkM)	during	the	training;	
� Activating	the	sensors	at	regular	intervals	and	collect	the	values	over	I2C;	
� Storing	the	received	values	in	the	memory;	
� Configuring	the	Wi-Fi	transceiver	to	the	home	access	point	(Wi-Fi	router);	
� Transmitting	the	values	to	the	Wi-Fi	transceiver	and	the	remote	server.	

The	block	diagram	in	Figure	5-9	shows	the	integration	of	the	sensors	and	the	BlinkM	with	Flyport	and	
their	communication	flow.	Flyport	communicates	with	the	external	peripherals	(Sensors	and	BlinkM)	
through	I2C.													



	

FIGURE	5-9	TRAINING	DEVICE	COMMUNICATION	OVERVIEW	

Battery:	

The	device	 is	battery	operated;	 three	AAA	batteries	are	used	to	power	up	the	Flyport,	BlinkM	and	
sensors.	They	are	connected	in	series	to	match	the	voltage	requirements	of	the	device.	Each	battery	
has	a	rating	of	

� Voltage	=	1.2		
� Current	=	1000	milliamps	

The	application	is	designed	using	the	OpenPicus	IDE	v2.2.	 It	defines	the	functioning	of	the	sensors,	
BlinkM	and	the	Wi-Fi	module.	

BLINKM		

BlinkM	 is	 programmed	 to	 deliver	 the	 notifications	 to	 the	 user	 by	 changing	 the	 colours.	 BlinkM	 is	
controlled	via	the	I2C	bus.	Flyport	provides	two	clock	frequencies	such	as	100	kHz	(low	Speed)	and	
400	kHz	(high	speed)	for	I2C	communication.	BlinkM	is	used	at	100	kHz.	Appendix	A	shows	a	sample	
code	to	set	RED	colour	in	the	BlinkM.	

Following	are	the	colour	sequence	used	to	notify	the	user	for	training	and	the	devices	state.	Following	
are	the	(Figure	5-10)	colours	used	to	indicate	each	state	of	the	device.		



S.no	 Device	State	 Colour	

1	 Device	On	
	

2	 Wi-Fi	Connected	to	Access	Point	
	

3	 Sensors	Initialized	
	

4	 Get	Ready	for	Training	
	

5	 Start	Inhalation	
	

6	 Start	Exhalation	
	

7	 Data	Transfer	Started	
	

8	 Data	Transfer	Ended	
	

9	 Sleep	
	

FIGURE	5-10	TRAINING	COLOUR	SEQUENCE	FOR	PATIENTS	

	

During	the	training,	the	patient	will	follow	the	green	light	to	make	an	inhalation	and	the	blue	light	to	
make	an	exhalation	through	the	breathing	chamber	of	the	device.	Initially,	the	total	breathing	cycle	
was	set	to	6	seconds,	with	even	time	for	inhalation	and	exhalation.	

� Inhalation	time	=	3	seconds		
� Exhalation	time	=	3	seconds.	
� 	

SENSORS	

Pressure	and	Temperature	sensors	communicate	with	Flyport	over	I2C	bus.	To	capture	more	accurate	
breathing	values,	the	Pressure	sensor	is	used	in	it	ultra-high	resolution	mode	and	the	I2C	is	used	with	
the	clock	frequency	of	400	KHz.		

In	ultra-high	resolution	mode,	the	conversion	time	varies	between	17	and	25.5ms.	After	initialization,	
the	sensor	is	activated	every	27ms	through	the	delay	API.	A	simple	calculation	of	the	number	of	values	
captured	in	1	second	can	be	derived	as	follows	

1	second	=	1000ms	seconds		

For	every	27milli	seconds,	the	pressure	values	are	captured	

This	equals	to	=	1000/27	~=37.	



For	each	second	37	values	are	taken	when	operated	in	the	high-resolution	mode.	For	6	seconds,	this	
equals	to	222	values	for	a	single	breathing	cycle.	The	captured	values	are	stored	in	a	floating-point	
array	inside	the	microcontroller	memory.	

The	 temperature	sensor	 is	also	activated	with	 the	same	 interval	as	 the	pressure	sensor.	Breathing	
patterns	measured	during	the	training	are	plotted	against	time	as	shown	in	Figure	5-11	and	Figure	
5-12.	

	

FIGURE	5-11	TEMPERATURE	SENSOR	PLOT	

	

FIGURE	5-12	PRESSURE	SENSOR	PLOT	

WI-FI	COMMUNICATION	

Wi-Fi	module	of	Flyport	is	programmed	to	connect	to	an	Access	Point	to	transmit	the	stored	sensor	
values	to	a	specified	remote	server.		
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Programming	the	Wi-Fi	to	scan	and	connect	to	an	Access	Point	is	done	simply	through	the	Wi-Fi	API's.		
Network	profiles	containing	information	about	the	access	point	are	configured	and	stored	inside	for	
remembering	the	access	point	Flyport	called	WF_DEFAULT	and	WF_CUSTOM.		

WF_DEFAULT	is	a	static	profile	configured	using	the	wizard	in	the	IDE.	This	profile	cannot	be	changed	
during	the	runtime.	

WF_CUSTOM	can	be	configured	during	the	runtime	through	the	Wi-Fi	api	of	FlyPort.	Once	the	FlyPort	
restarts	the	custom	profile	will	be	erased.			

A	 default	 Wi-Fi	 profile	 is	 used	 during	 the	 prototype.	 Appendix	 B	 shows	 the	 steps	 involved	 in	
configuring	the	Wi-Fi	default	profile.	

Wi-Fi	provides	two	more	API’s	to	control	the	power	consumption	by	activating	hibernation	and	sleep	
modes.	

This	concludes	the	breathing	training	device	development.	The	device	now	provides	breathing	training	
to	 the	 patients	 via	 the	 BlinkM	 LED,	 measures	 the	 breathing	 pattern	 through	 the	 pressure	 and	
temperatures	 sensors	 and	 connects	 to	 the	 home	 gateway	 for	 forwarding	 the	 measured	 data	 to	
platform	or	remote	server	of	choice.	Figure	5-13.	shows	the	developed	breathing	training	device.	

The	next	phase	in	building	the	point	of	care	terminal	is	the	design	and	development	of	care	application	
running	on	the	smart	device	to	complete	the	feedback	and	motivation	part	of	the	COPD	training	cycle.	

	

FIGURE	5-13	BREATHING	TRAINING	DEVICE	

	

5.4.2 CAREGIVING	APPLICATION/	ANDROID	APPLICATION	

The	care	application	needs	to	satisfy	the	following	functionalities:	

• Interaction	with	the	developed	breathing	training	device	and	control	it;	
• Collect	the	measured	data	store	in	POC;	



• Provide	feedback	and	motivation	for	the	patient	based	on	the	data;	
• Enabled	audio	and	video	communication	with	the	clinicians.	

	An	android	application	is	implemented	and	deployed	on	two	commercially	off	the	shelf	smart	device	
running	Android	operating	systems.			

1. A	Smartphone	–	Samsung	Galaxy	S.	
2. Smart	tablet	–	Asus	Transformer	tablet.	

The	 application	 is	 developed	 on	 the	 Ice	 Cream	 Sandwich	 (ICS)	 4.0.1	 version	while	 it	 is	 downward	
compatible	up	to	Froyo2.3	version	of	the	Android	operating	system.	The	functionalities	provided	by	
this	application	is	described	subsequently	

� Pair	with	Training	device	over	Wi-Fi	(TCP	client	/server)	
� Trigger	the	actions	on	the	training	device	by	sending	commands		
� Start	the	breathing	training	
� Import	the	stored	breathing	data	from	the	device	
� Display	the	breathing	pattern	to	motivate	the	user	
� Log	in	and	send	value	to	remote	server	

CARE	APPLICATION	AND	TRAINING	DEVICE	INTERACTION:	

The	care	application	and	the	training	device	interacts	with	each	other	over	the	Wi-Fi	Access	point,	
they	should	be	part	of	the	same	Wi-Fi	network	to	exchange	commands.	A	TCP	client-server	model	is	
used	for	communication.	The	devices	are	paired	using	Wi-Fi	via	the	home	gateway	as	in	Figure	5-14	

	

FIGURE	5-14	CARE	APPLICATION	AND	TRAINING	DEVICE	

USER	INTERFACE	

This	section	describes	the	developed	user	interface.	The	user	interface	of	the	Android	application	
consists	of	a	set	of	button	controls	as	in	Figure	5-15	



	

FIGURE	5-15	TRAINING	DEVICE	CONTROL	MENU	

Connect	–Creates	a	TCP	server	so	that	the	training	device	could	establish	a	TCP	client	connection	over	
Wi-Fi.			

Start_Breathing	–	Sends	the	start	breathing	command	to	the	training	device,	the	training	device	starts	
making	the	colour	transition	via	the	BlinkM	to	indicate	the	training.		

Collect_	Data	–	once	done	with	the	training	the	user	can	import	the	training	data	stored	in	the	training	
device	into	the	tablet	for	either	displaying	it	locally	or	send	it	to	the	remote	server	later.	

Login	–	On	pressing	the	Login	button	the	user	will	be	asked	to	provide	the	user	credentials	to	login	
into	the	backend	server	Figure	5-15.	The	back	end	server	implemented	by	Evalan	[60],	a	partner	in	the	
MAS	project	with	Philips.	More	about	the	Sever	is	discussed	in	the	next	section.	An	HTTP	request	is	
sent	to	the	server	containing	login	credentials.	Once	authenticated,	user	will	be	taken	to	the	next	page	
of	the	application	as	in	Figure	5-16	

	

FIGURE	5-16	LOGIN	PAGE	FOR	REMOTE	SERVER	

	



	

FIGURE	5-17	ACCESS	GRAPHS	AND	SEND	DATA	TO	EVALAN	SERVER	

Send	–	Pressing	the	button	Figure	5-17	will	send	the	data	to	the	Evalan	back	end	server.	The	host	and	
port	information	of	the	Evalan	server	are	hard	coded.	The	pressure	and	temperature	data	are	packed	
in	JSON	format	as	key	value	pair	and	sent	to	the	server.			

Graph_Pressure	–	Displays	the	pressure	graph	(pressure	is	plotted	against	time)	as	in	Figure	5-18	

Graph_Temperature	–	Displays	 the	 temperature	graph	 (Temperature	 is	plotted	against	 time)	as	 in	
Figure	5-19	

Close	–	Close	the	application	

	

FIGURE	5-18	BREATHING	DATA	PRESSURE	PLOT	



	

FIGURE	5-19	BREATHING	DATA	TEMPERATURE	PLOT	

The	temperature	and	pressure	graphs	give	visual	feedback	to	the	patients	on	their	breathing	pattern.	
This	will	act	as	a	motivating	factor	for	them	to	adopt	their	breathing	training.	The	data	is	logged	on	
the	remote	server	of	Evalan.	Evalan	has	developed	a	backend	server	and	web	interface	to	access	the	
patient	information	further.	

The	developed	application	has	also	been	ported	to	the	Samsung	smartphone.	Appendix	E	shows	the	
user	interface	of	the	mobile	phone.	

5.4.3 INTEGRATING	WITH	THING	SPEAK	PLATFORM	

The	measured	data	has	to	be	sent	to	the	remote	server	for	further	diagnostics.	In	the	initial	phase,	the	
measured	data	 is	presented	on	the	Thing	Speak	platform	[59].	Thing	Speak	 is	an	open	source	web	
browser	based	platform	for	building	Internet	of	things	applications.	It	provides	the	following	features:	

� Real-time	data	collection	
� Data	processing		
� Visualizations	
� Integration	with	social	media	

The	heart	of	 the	Thing	Speak	 is	a	concept	called	“channel”.	Channel	 is	 the	place	where	the	sensor	
values	can	be	stored	and	from	where	they	can	be	retrieved	later.	Each	channel	consists	of	8	fields	for	
data,	three	fields	for	location	coordinates	and	few	fields	for	other	information	as	shown	in	Appendix	
C.	

To	write	in	a	Thing	Speak	channel	a	request,	HTTP	requests	are	used.	A	sample	HTTP	POST	request	is	
used	in	the	implementation	for	updating	channel	values	is	given	in	Appendix	D.	

Once	the	data	is	updated	into	the	Thing	Speak	channel,	it	is	easy	to	visualise	the	values	on	the	charts	
in	the	browser.	Figure	5-20	shows	the	chart	for	the	field	temperature	in	the	channel	FLY-Temp.	Data	
can	be	retrieved	from	the	ThingSpeak	using	HTTP	GET	requests.	



	

FIGURE	5-20	ROOM	TEMPERATURE	GRAPH	USING	THE	TEMPERATURE	SENSOR	TMP102	

5.4.4 BACKEND	SERVER	AND	WEB	BROWSER	INTERFACE	

In	this	project	Evalan	B.V	[60],	a	partner	of	the	MAS	project,	has	implemented	the	backend	server	and	
the	web	browser	user	interface.	The	web	browser	interface	is	given	in	Figure	5-21.	The	web	browser	
user	 interface	 allows	 the	 clinician	 to	 log	 in	 and	 accesses	 the	 patient	 records	 for	 diagnostics.	 The	
interface	consists	of	two	pages	such	as	login	page	and	information	page.	

Login	page		

This	page	requires	the	clinician	to	provide	the	login	credentials	for	accessing	the	records.		

Information	Page	

This	page	as	in	Figure	5-19	provides	information	about	the	patient	such	as	his	breathing	pattern	and	
personal	details.	

� Temperature	graph	-	temperature	is	plotted	against	time		
� Pressure	graph	-	Pressure	is	plotted	against	time		
� Device	usage	Graph	–	Number	of	time	the	training	is	taken.	
� User	information	–	

o Patient	ID		
o Device	ID	
o Date	of	Birth	etc.	



	

FIGURE	5-21	EVALAN	WEB	BROWSER	INTERFACE	

History	of	the	patients	training	data	is	also	stored	in	the	database,	which	helps	the	clinicians	to	keep	
track	of	patient’s	progress.			

Developing	the	breathing	training	device	and	caregiving	application	has	satisfied	the	requirements	of	
COPD	training	cycle.	The	Point	of	Care	terminal	for	COPD	home	management	now	has	a	standalone,	
mobile	 breathing	 training	 device	 that	 could	 deliver	 training	 notifications	 and	 enable	 remote	
monitoring	of	patient’s	breathing	pattern.	

The	 caregiving	 application	 runs	 on	 smart	 devices,	 collects	 data	 from	 training	 device,	 provides	
motivation	to	the	patients	by	giving	visual	feedback	on	their	progress	(as	shown	in	Figure	5-18	and	
Figure	5-19),	and	enables	communication	with	the	clinicians	

Web	browser	interface	of	Evan	creates	Electronic	patients’	records	of	the	breathing	training	data.	It	
also	provides	flexibility	to	the	clinicians	by	enabling	remote	access	to	the	patients	over	the	Internet.	

This	 brings	 to	 the	 conclusion	 of	 the	 system	 development	 phase.	 Through	 the	 entire	 system	
development,	the	results	of	the	literature	study	are	sensibly	used	in	selecting	the	right	components	
and	to	take	advantage	of	the	recent	advancements	in	the	ICT.	Motivations	are	also	provided	in	the	
design	phase	for	choices	made	in	selecting	those	elements.	Together,	the	training	device	and	the	care	
application	terminal,	stand	as	a	proof	of	concept	for	a	point	of	care	terminal	in	home	management	of	
COPD	patients.			

In	the	next	phase	of	system	development,	the	developed	POC	will	be	observed	and	experimented	to	
fine-tune	the	system	parameters	with	 the	aim	of	making	 it	more	efficient	 in	 fulfilling	 the	needs	of	
COPD	home	care.	

	

	

	 	 	



6 PROTOTYPE	OPTIMIZATION	

RESEARCH	METHODOLOGY	PHASE:	EXPERIMENT	AND	EVALUATION	

The	 goal	 of	 this	 phase	 is	 to	 conduct	 experiments	 with	 the	 aim	 of	 optimising	 possible	 system	
parameters	there	by	 increasing	 its	efficiency	 in	providing	home	care.	First	a	parameter	of	choice	 is	
established	 by	 revisiting	 the	 design	 factors	 of	 POC	 form	 section	 5	 followed	by	 experimenting	 and	
optimizing	it.	

Mobility	and	ease	of	use	are	the	two	main	design	considerations	for	COPD	pertaining	to	home	care.	
The	ease	of	usability	has	been	achieved	by	making	the	device	interactions	simple	as	possible	during	
the	development.	Further	optimization	could	lead	to	redesign	the	prototype	design	which	is	limited	
by	time	at	this	point.	Hence	Mobility	of	the	POC	is	considered	for	optimization	since.		

Making	 the	 device	 battery-operable	 during	 development	 has	 added	 mobility	 to	 the	 treatment.	
Further,	extending	the	battery	life	gives	the	users	more	convenience	in	using	the	device	without	the	
need	to	replace	or	re-charge	often.	Particularly	in	the	case	of	Chronic	Patients	who	are	often	limited	
in	physical	movements	and	even	a	factor	like	charging	the	device	is	a	difficult	job.	Hence	healthcare	
devices	for	such	group	of	patients	often	focus	on	long-term	usability	and	mobility.		For	example,	I-neb	
used	 for	 aerosol	 delivery	 [52]	 uses	 a	 rechargeable	 battery	 and	 once	 fully	 charged	 the	 device	 is	
expected	to	last	for	40	treatments.	Battery	life	estimation	and	optimisation	are	considered	as	the	next	
phase	of	the	project,	thereby	by	leading	to	the	following	question,	

Question#3.2:	What	is	the	estimated	battery	life	of	the	current	design	and	how	the	battery	life	of	the	
developed	breathing	training	device	could	be	extended?	

6.1 Battery	life	estimation	

The	battery	life	of	the	device	could	be	estimated	by	measuring	its	current	consumption.	Two	factors	
are	required	for	this	estimation:	

i. Source	(capacity	of	the	batteries	used)	
ii. Current	load	of	the	device	built		

SOURCE	

	Three	alkaline	AAA	batteries	are	chosen	as	the	power	source	with	each	having	the	following	ratings:	

Voltage	=	1.5	V	

Current	=	1100	mA/h		

The	batteries	are	connected	in	a	serial	fashion	equalling	to	4.5	V	and	Current	capacity	of	1100	mA/h	
order	to	satisfy	the	operating	voltage	(Table)	requirements	of	the	device.		

CURRENT	CONSUMPTION	

Whole	current	consumption	of	the	device	could	be	estimated	by	summing	up	the	current	consumption	
of	 its	 individual	 components.	 All	 the	 components	 chosen	 for	 designing	 the	 device	 comes	with	 its	



individual	power	configuration	options	to	optimise	current	consumption.	The	following	list	gives	the	
operating	modes	and	the	respective	peak	current	consumed	for	each	component.	

� Temperature	sensor	TMP102	in	I2C	clock	frequency	of	400	KHz	equals	to	15	µA	
� Pressure	sensor	BMP085	in	Ultra	high-resolution	mode	with	conversion	period	the	current	

consumption	equals	to	1012	µA	
� BlinkM	 is	 used	 in	both	bright	mode	and	dark	mode,	 as	 the	peak	 current	 is	 considered	 for	

estimation	the	current	consumption	equals	to	60	mA	
� The	Flyport	current	specification	in	the	table	comprises	both	the	Microcontroller	and	the	Wi-

Fi	module.	It	is	used	in	the	Wi-Fi	connected	mode	that	equals	to	127.5	mA	

The	 peak	 current	 of	 the	 sensors,	 BlinkM	 and	 the	 FlyPort	 in	 the	 respective	 operating	 mode	 are	
considered	for	the	estimation	of	the	battery	life.		

Summing	the	current	consumption	=	15	µA	+1012	µA+60	mA+127.5mA	

Total	current	load	during	operation	~	188.5mA	

BATTERY	LIFE	CALCULATION	

The	current	capacity	of	the	batteries;	batteryCapacity	=	1100mA/h	

Total	current	load	by	the	device;	totalConsumption	≈	188.5	mA	

batteryLife		=	 !"##$%&'"(")*#&	
#,#"-',./01(#*,.	

		=	2233
244.6

	=	5.83	hours		

However,	 practically	 the	 device	 is	 not	 continuously	 operated	 for	 such	 a	 long	 duration;	 it	 is	 only	
switched	on	 for	 the	duration	of	a	 training	period.	The	number	or	 training	 in	a	day	will	be	decided	
between	the	clinician	and	the	patient.	

Patients	with	chronic	devices	have	to	do	the	training	on	a	daily	basis;	hence	an	approximate	estimation	
of	the	number	of	days	the	device	can	be	used	without	replacing	the	batteries	is	carried	out.	

	For	the	estimation,	the	duration	of	single	training	is	considered	as	10	minutes	and	one	training	per	
day.	

For	single	Training	Period	T	=	10	minute	&	Number	of	training	Per	Day	N	=	1		 	 	

Number	of	days	before	a	replacement	is	required	

	 	=	 !"##$%&7*8$		
9∗;

=		 6.4=>?@
23	ABCDEF@

	=		=63	ABCDEF@
23	ABCDEF@

			≈		35	days	

With	Number	of	training	per	day	N	=	2	

Number	of	days	before	a	replacement	is	required	=	 6.4=>?@
23	ABCDEF∗G

	=		=63	ABCDEF@
G3	ABCDEF@

	≈	17	days	

Number	of	days	before	a	replacement	is	required	≈	17	days	

	



6.2 Battery	life	optimisation			

It	is	evident	from	the	calculations	that	significant	contribution	to	the	current	load	of	the	system	is	from	
the	Wi-Fi	module.	So	 far	 the	system	design	does	not	use	 the	 low	power	Wi-Fi	options	available	 in	
Flyport.	FlyPort	offers	hibernation	and	sleep	modes	API	for	the	Wi-Fi	transceiver.	We	further	focus	on	
reducing	the	energy	consumption	by	taking	advantage	of	these	features	significant	for	low	power	Wi-
Fi	devices.	

To	minimise	the	power	consumption,	the	current	consumption	nature	is	measured	during	the	device	
operation.	A	digital	multi	meter	 is	connected	 in	series	with	the	training	device	and	the	battery	 for	
measurement	the	peak	current	consumption.	

	 	

	

Figure	6-1	Training	Cycle	

A	 single	 cycle	 of	 breathing	 training	 operation	 is	 carried	 out	 as	 given	 in	 Figure	 6-1.	 The	 current	
consumption	during	each	state	of	operation	of	the	above	cycle	is	recorded	and	listed	as	in	the	Table	
Figure	6-2	below.	

Application	State	 Current	in	milliamps		

Wi-Fi	Switched	On	 120	

Collecting	breathing	data	 125	

Connecting	with	Android	Application	 125	

Sending	data	to	the	Android	
application	

129	

FIGURE	6-2	PEAK	CURRENT	CONSUMPTIONS		

	

6.2.1 WI-FI	CURRENT	CONSUMPTION	OPTIMISATION		

From	the	above	data,	the	maximum	current	is	consumed	when:		
1. Wi-Fi	is	switched	on	and	establishing	connection	with	access	point	
2. Wi-Fi	is	used	for	communication		

� Device	pairing		
� Collecting	data		

The	Low	power	Wi-Fi	modules	use	several	methods	to	reduce	the	current	consumptions	such	as:	
� Duty	cycling	techniques		
� Fast	network	access	
� Low	sleep	current	
� High	data	rate	to	minimise	the	active	transmit/	receive	time	

Turn	On Connect	To	
Acess	Point

Breathing	
Training

Connect	with	
Smart	Tablet

Send	Data	to	
smart device Turn	off



� Few	power-saving	operating	modes	

As	discussed	in	the	previous	chapter	the	FlyPort	provides	two	operating	modes	for	power	saving	such	
as:		

� Hibernation		
o In	the	hibernation	mode,	the	Wi-Fi	transceiver	is	switched	off	
o The	current	consumption	is	reduced	to	38.5mA	[57]	

� Sleep	
o In	the	sleep	mode,	the	PIC	micro-controller,	Transceiver	and	the	onboard	Led	and	LDO	

are	also	switched	off	
o The	current	consumption	is	11µA		
o Note	-	To	wake	the	device	from	this	sleep	mode	requires	an	external	interrup	

6.2.2 USING	HIBERNATION	MODE	

In	the	primary	mode,	the	device	spends	most	of	the	time	in	collecting	and	storing	the	sensor	values	
and	delivering	notifications	where	there	is	no	need	for	the	Wi-Fi	transceiver	to	be	active	and	sending	
alive	messages	to	the	Access	Point.	

The	hibernation	mode	of	the	Flyport	is	used	to	minimise	the	power	when	the	Wi-Fi	transceiver	is	not	
required	to	be	active.	The	device	operating	sequence	is	modified	as	in	Figure	6-3	Training	cycle	with	
hibernation	mode	

	

FIGURE	6-3	TRAINING	CYCLE	WITH	HIBERNATION	MODE	

	

Turn	On Connect	to	
AP

Activate	
Hibernation

Breathing	
Training

Deactivate	
Hibernation

Connect to	
the	tablet Send	the	data Turn	off	



	

FIGURE	6-4	CURRENT	CONSUMPTION	WITH	HIBERNATION	MODE	

		Figure	6-4	reveals	once	the	device	hibernates	the	power	consumption	is	reduced	by	40mA.	Using	the	
hibernation	mode	saves	a	lot	of	battery	power.	When	the	breathing	training	is	longer,	the	hibernation	
mode	will	be	more	effective	for	power	saving.			

In	this	prototype,	the	breathing	phase	is	set	to	be	1	minute,	but	generally,	training	will	last	for	7	to	10	
minutes	hence	the	hibernation	mode	will	eventually	save	a	lot	of	battery	power.	

By	revisiting	calculation	with	the	current	optimisation:	

Battery	Life	≈	1100mA/h	

Total	Current	Consumption;	≈	188mA	

Total	current	loading	during	hibernation;	TCH	=	188.5	mA	-	40	mA	≈	148	mA	

batteryLife		=	 !"##$%&'"(")*#&	
#,#"-',./01(#*,.I0%*.JK*!$%."#*,.	

		=	
2233	(MN

O )

2Q4.6	(AR)
		≈	450	mins≈	7.5	hrs	

with	Number	of	Training	per	days	N	=	2	&	Time	period	per	training	of	T	=	20	minutes	

Number	of	days	before	a	replacement	is	required	

	 	=	 !"##$%&7*8$		
9∗;

=		 S.6>?@
	G3ABCDEF@

	=		Q63	ABCDEF@
G3	ABCDEF@

			≈		23	days	

With	the	power	optimisation,	the	duration	of	days	went	from	17	to	23	days	approximately	an	increase	
of	one	week’s	usage	of	the	device	prior	to	battery	replacement.	

The	sleep	mode	of	the	Flyport	is	not	taken	into	account	since	the	user	can	turn	off	the	device	between	
training.	 Sleep	 mode	 is	 sensible	 when	 the	 device	 needs	 to	 be	 working	 autonomously	 making	
measurements	 of	 patients.	 In	 our	 training	 device,	 the	 sensor	 needs	 to	 be	 active	 only	 during	 the	
training	when	the	user	breathes	through	the	device.	

	



6.2.3 ANALYSING	THE	FLYPORT	CIRCUIT	

Flyport	 circuit	 is	 analysed	 for	 possibilities	 to	 reduce	 the	 current	 consumption	 as	 well,	 from	 the	
schematic	[61]	the	LED	D2	used	for	powering	up	notification	of	the	Flyport	consumes	a	considerable	
amount	of	current.	Because	the	LED	is	hardwired	to	the	voltage	source	with	a	resistor	resulting	in	a	
constant	current	consumption	instead	of	being	connected	to	the	GPIO	of	the	microcontrollers,	which	
can	normally	be	controlled	via	programming	the	pins.	When	the	device	is	powered	up,	the	LED	draws	
7mA	of	 current,	which	 is	 comparably	 large	 quantity	 for	 a	 battery-operated	 device.	 Hence	 to	 save	
power,	this	LED	is	removed	from	the	Flyport	board	along	with	the	resistors.	As	a	result,	the	device	
consumes	7mA	less	from	the	above	graph	throughout	the	process.	

By	using	the	optimisation	techniques,	the	current	has	been	reduced	considerably	giving	an	extended	
battery	 life	 of	 approximately	 1	 week	 there	 by	 extending	 the	 mobility	 of	 the	 POC.	 From	 the	
measurements	and	 the	advantages	discussed	 it	also	evident	 that	 low	power	Wi-Fi	module	such	as	
Flyport	is	suitable	for	the	current	POC	with	the	given	power	optimization	options.	

6.3 Study	on	Wi-Fi	direct	for	training	device		

Wi-Fi	Direct	is	a	new	standard	over	conventional	Wi-Fi,	eliminating	the	need	of	an	access	point	for	the	
device	 to	 interact	 with	 each	 other	 in	 ad-hoc	 mode.	 Without	 the	 access	 point	 in	 between,	 the	
communicating	devices	the	power	consumption	by	the	device	could	be	further	reduced,	prolonging	
the	battery	life.	Another	property	of	Wi-Fi	direct	standard	allows	the	enabled	device	to	communicate	
with	legacy	Wi-Fi	enabled	devices	as	well.	These	features	of	Wi-Fi	Direct	were	found	to	be	an	attractive	
candidate	to	establish	communication	between	the	training	device	and	the	UI	application	running	on	
the	Smart	Phone/Tablet.	Hence	an	 investigative	study	 followed	by	an	use	case	scenario	with	Wi-Fi	
Direct	is	made	in	the	upcoming	section	through	the	research	question	below:	

Question#3.3:	Analyse	the	impact	on	the	battery	life	using	Wi-Fi	direct	as	a	replacement	for	Wi-Fi	
and	further	how	this	could	add	to	the	mobility	of	the	device?		

The	following	section	provides	an	overview	of	Wi-Fi	Direct,	followed	by	presenting	a	use-case	scenario	
for	the	POC	Terminal	adding	additional	mobility	and	a	current	consumption	analysis	on	a	COTS	device	
that	uses	Wi-Fi	direct	for	communication.	

Note:	Due	to	limited	time	constraints,	Wi-Fi	direct	platform	could	not	be	added	to	the	device.	Instead,	
a	current	consumption	analysis	on	a	Commercially	off	the	shelf	(COTS)	device	with	Wi-Fi	Direct	was	
made	to	conclude	if	Wi-Fi	Direct	is	optimal	for	the	next	development	iteration.		

6.3.1 WI-FI	DIRECT	

Wi-Fi	direct	standard	[62]	developed	over	regular	Wi-Fi	offers	the	peer-to-peer	networking	feature;	it	
eliminates	the	need	for	a	central	access	point	for	device-to-device	interaction.	The	standard	is	mainly	
established	to	enhance	and	ease	the	communication	between	the	smart	devices	while	consuming	a	
considerable	less	amount	of	power.	

Wi-Fi	direct	standard	implements	the	access	point	feature	in	software,	hence	a	device	with	Wi-Fi	direct	
acts	both	as	a	client	and	as	an	access	point.	Hence,	the	complexity	in	connecting	to	a	physical	access	



point	has	been	reduced;	saving	power	in	mobile	devices.	Furthermore,	it	offers	interoperability	with	
conventional	Wi-Fi	devices.	Using	Wi-Fi	Direct	has	the	following	advantages:	

� Reduced	complexity	in	establishing	and	maintaining	communication		
� Reduced	power	consumption		
� High	data	rates		
� Large	Coverage	area	

6.3.2 WI-FI	DIRECT	PRODUCTS	IN	THE	MARKET	

The	first	set	of	commercial	products	was	released	in	the	year	2010,	such	as	Intel	My	Wi-Fi	solution.	
Few	other	manufacturers,	to	name	a	few,	developing	Wi-Fi	Alliance	certified	Wi-Fi	Direct	are	Marvel,	
Atheros,	 Broadcom,	 etc.	 [62].	 Previously	 developed	Wi-Fi	 Direct	 products	 are	mostly	 used	 in	 the	
Netbook	 and	 laptop	 platforms	 for	 establishing	 ad-hoc	 networks	 among	 them.	Wi-Fi	 direct	 gained	
much	importance	with	the	entering	of	smart	devices	into	the	market	and	pushed	the	manufacturers	
to	consider	the	advantages	of	the	standard	and	embed	them	in	their	products.	

Google	added	the	first	Wi-Fi	Direct	support	on	its	Android	version	4.0.	Samsung	Galaxy	S	smartphone	
from	Google	was	 the	 first	 device	 to	 ship	with	 inbuilt	Wi-Fi	 direct	 features.	Ozmo	devices	 recently	
acquired	by	Atmel	are	a	prominent	manufacturers	of	Wi-Fi	direct	chips	develops	computer	mice	and	
remote	control	applications	using	Wi-Fi	direct	features.		

6.3.3 USE-CASE	FOR	WI-FI	DIRECT	

The	goal	of	the	training	device	is	to	collect	the	data	and	send	it	to	the	remote	servers.	With	the	current	
implementation,	the	collected	data	is	forwarded	to	the	remote	server	over	two	ways:	

1) Directly	to	the	remote	server	through	the	home	gateway	

2) Via	the	Smart	Phone	to	the	remote	server	provided	the	training	device,	and	the	smartphone	
are	on	the	same	Wi-Fi	network		

One	limitation	that	is	visible	in	both	the	cases	is	the	need	for	an	access	point.	This	obstructs	the	user	
from	using	the	training	device	if	they	were	travelling	outside	the	home	environment.	Resolving	this	
problem	of	mobility	could	further	enhance	the	user	motivation	by	allowing	them	to	do	their	simple	
training	event	at	work	at	their	convenient	time.	

Using	Wi-Fi	Direct	could	easily	solve	this	problem	at	hand.	As	discussed	above,	only	one	of	the	device	
in	 interaction	 needs	 to	 be	 Wi-Fi	 Direct	 enabled	 while	 the	 other	 could	 be	 legacy	 Wi-Fi.	 With	
smartphones	 already	 enabled	 with	 Wi-Fi	 direct,	 this	 becomes	 much	 simpler.	 The	 data	 from	 the	
training	device	could	be	transferred	over	Wi-Fi	direct	and	stored	in	the	smartphone.	When	the	user	
has	a	 stable	 Internet	 connection,	 the	application	could	automatically	 send	 the	data	 to	 the	 remote	
server.	Figure	6-5	depicts	this	use	case.	



	

FIGURE	6-5	USE	CASE	OF	WI-FI	DIRECT	

6.3.4 CURRENT	CONSUMPTION	ANALYSIS	OF	WI-FI	DIRECT	

Given	 the	 time	 consideration	of	 the	project,	 instead	of	 embedding	a	Wi-Fi	 direct	module	 into	 the	
training	 device	 for	measurement	 purpose	 a	 product	 already	 enabled	with	Wi-Fi	 Direct	 is	 used	 for	
measuring	the	current	consumption.	This	trade-off	is	done	to	have	a	perception	on	the	Wi-Fi	direct	
current	consumption,	which	will	be	used	to	justify	the	consideration	of	Wi-Fi	direct	in	future	for	the	
training	device.	

A	product	of	HP	(Hewlett-Packard)	"HP	Wi-Fi	Direct	Mobile	Mouse"	[63]	is	chosen	for	measurement.	
Mobile	mouse,	which	is	used	to	interact	with	the	Desktop	and	PC,	should	provide	a	quick	initialisation,	
durable	and	reliable	connection	and	timely	transmission	of	the	data	for	a	seamless	interaction	at	any	
given	time.	Subsequently,	the	mouse	also	enters	deep	sleep	modes	to	save	power	when	not	being	
used	for	extended	battery	 life.	These	 inbuilt	characteristics	make	 it	an	attractive	candidate	for	this	
analysis.	

The	manufacturer	has	provided	the	mouse	with	following	features:	

� The	mouse	can	be	used	at	a	distance	of	10	meters	from	the	PC		 	
� Intelligent	sleep	modes	to	save	power	

The	mouse	is	powered	using	2	AAA	batteries	with	the	ratings		

� Voltage	=	1.5	V	
� Current	=	1000	mA	

Following	are	the	set	of	measurements	to	understand	the	current	consumption.	

6.3.4.1 PEAK	CURRENT	DURING	CONNECTION	ESTABLISHMENT	

For	the	Wi-Fi	direct	device	to	operate	it	has	to	connect	to	the	PC	in	the	first	place.	Similar	to	Wi-Fi	
when	 it	establishes	a	 connection	with	 the	gateway	or	 router,	Wi-Fi	Direct	devices	also	 consume	a	
considerable	amount	of	current	during	the	connection	establishment.	Measurements	are	made	each	
time	 the	 device	 is	 powered	 on	 and	 establish	 a	 connection	 with	 the	 PC.	 	 As	 given	 in	 the	 device	



specification	the	operation	range	is	10	meters	from	the	PC.	A	mouse	will	be	used	very	close	to	the	PC	
but	for	measurement	purpose,	the	mouse	is	placed	at	multiple	locations	and	the	peak	current	during	
the	connection	establishment	is	note	down	and	a	graph	is	plotted	as	shown	in	the	figure.	

Figure	6-6	states	that	as	the	distance	increase	the	peak	current	consumed	for	establishing	the	current	
increases.	At	a	distance	of	125	feet,	which	is	36	meters	approximately,	the	peak	current	consumed	is	
55mA.	This	is	a	lot	lesser	than	the	current	consumed	by	the	Wi-Fi	device,	which	is	120	mA	in	the	peak.	
It	 should	be	 taken	 into	account	 that	 the	device	 is	placed	 far	away	 from	the	operating	 range	of	10	
meters	given	by	the	manufacturer	while	it	still	costumes	less	current.	

	

	

FIGURE	6-6	PEAK	CURRENT	DURING	CONNECTION	ESTABLISHMENT	AT	MULTIPLE	LOCATIONS	

	

6.3.4.2 PEAK	CURRENT	WHILE	OPERATING	

Once	the	connection	 is	established	by	the	device,	during	the	normal	device	operation	 it	consumes	
considerably	less	current	than	the	connection	establishment	stage.	To	do	this,	the	mouse	is	placed	at	
a	 particular	 distance	 from	 the	 PC	 and	 operated	 at	 regular	 intervals	 of	 time	 such	 as	 2,	 10	 and	 30	
seconds.	 For	 each	 set	 of	 operation,	 the	 current	 consumption	 values	 are	 noted,	 and	 the	 graph	 is	
plotted.	Two	distances	are	chosen	in	the	measurement	3	feet	and	30	feet.	Figure	6-7,	Figure	6-8	and	
Figure	6-9	shows	the	combined	plot	for	the	both	the	current	at	the	given	distance.	

	

FIGURE	6-7	OPERATED	AT	AN	INTERVAL	OF	2	SECONDS	FROM	3	FEET	AND	30	FEET.	
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FIGURE	6-8	CONDUCTED	AT	AN	INTERVAL	OF	5	SECONDS	FROM	3	FEET	AND	30	FEET.	

	

	

FIGURE	6-9	CARRIED	OUT	AT	AN	INTERVAL	OF	30	SECONDS	FROM	3	FEET	AND	30	FEET	

The	plots	Figure	6-9	shows	that	 the	peak	current	consumed	fall	 in	 the	range	between	20	–	30	mA	
during	the	operation.	This	current	is	considerably	lesser	than	the	Wi-Fi	used	which	consumes	40	mA	
even	in	its	hibernation	mode.	

6.4 Comparison	of	Wi-Fi	and	Wi-Fi	direct	

A	 simple	 comparison	 is	 made	 with	 the	 Wi-Fi	 current	 from	 the	 data	 sheet	 specification,	 and	 the	
measurement	made	using	the	mouse	to	understand	the	difference	in	the	current	consumption	levels.	

	
Wi-Fi	(Flyport)	 Wi-Fi	direct	(HP	mouse)	

Peak	current		 120	mA	 58	mA	

	

Lowest	
possible	
operating	
current		

		
40	mA	

(Hibernation	mode)	

	
3-5	mA	

	(From	measurement)	

FIGURE	6-10	COMPARISON	WI-FI	AND	WI-FI	DIRECT	

The	above	measurements	in	Figure	6-10	evidently	project	that	Wi-Fi	directs	consumes	lot	less	current	
than	the	Wi-Fi	module	of	Flyport	used	in	the	implementation.	From	the	measurements,	using	Wi-Fi	
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Direct	 will	 reduce	 the	 power	 consumption	 by	 more	 than	 50%.	 Together	 with	 the	 characteristics	
discussed	earlier	 and	 from	 the	 results	 of	measurements	mentioned	 in	 the	 above	 table	makes	 it	 a	
strong	 contender	 for	 replacing	Wi-Fi	 in	 the	 future	version	of	 the	 training	device	 for	extending	 the	
mobility.	

	

	

.	

	

	

	

	

	 	



7 CONCLUSION	

This	project	started	off	with	the	main	goal	of	this	developing	a	patient-centric	healthcare	solution	for	
COPD	management	by	exploring	and	adopting	recent	trends	and	developments	in	the	ICT	domain.	The	
essence	of	doing	 so	 is	 to	alleviate	 the	economic	burden	caused	by	 the	health	 institutions	and	 the	
patients	due	to	the	traditional	clinical	treatment	of	COPD.	In	due	course	of	the	project,	limited	by	time	
constraint,	the	said	goal	has	been	achieved,	and	the	expectations	have	been	reasonably	met.	

At	 the	 time	 when	 the	 project	 idea	 was	 conceived	 and	 as	 it	 evolved	 our	 due	 course	 of	 time,	 it	
underwent	three	distinct	phases	until	completion.	The	first	phase	dealt	with	investigating	the	impact	
of	COPD,	limitations	of	the	current	treatment	option,	and	home	healthcare	as	a	viable	patient-centric	
approach	for	managing	COPD	whilst	improving	patients’	quality	of	life.	Through	numerous	studies,	it	
is	established	clearly	that	the	clinical	treatments	and	devices	used	are	cumbersome	to	interact	with,	
requires	constant	assistance,	resulting	in	repeated	visits	and	longer	stays	at	hospital	imposing	a	great	
deal	of	economic	strain	on	health	institutions.	Moreover,	it	also	results	in	physiological	stress	among	
the	patients	and	acts	as	a	major	detriment	for	the	continued	participation	in	the	course	of	treatment.		

On	 the	 contrary,	 informing	 the	 patients	 about	 the	 disease,	 allowing	 them	 to	 self-manage	 at	 their	
convenient	 home	 environments	 with	 the	 help	 of	 home	 care	 equipment	 and	 through	 telephonic	
interventions	 by	 clinicians	 whenever	 necessary	 have	 resulted	 in	 reduced	 hospital	 visits,	 better	
physiological	health	and	better	management	of	COPD.	It	is	firmly	established	beyond	doubt	that	home	
healthcare	for	COPD	management	is	an	apt	alternative	for	clinical	treatment	in	providing	continuous	
care	for	early	detections	and	management	of	exacerbations.	

The	second	phase	of	this	project	dealt	with	identifying	the	key	components	of	home	healthcare	and	
investigating	the	appropriate	ICT	technologies	in	realizing	a	home	healthcare	as	a	solution.	Remote	
monitoring,	diagnostics	and	feedback	are	stated	to	be	key	components	for	home	healthcare	solution	
based	 on	 studies	 involving	 tele-health	 trials	 which	 indicated	 significant	 positive	 improvement	 in	
patients’	quality	of	life.			

Next	 segment	 of	 this	 phase	 involves	 exploration	 of	 ICT	 technologies.	 Existing	 few	 tele-medical	
frameworks	 using	 ICT	 are	 perused	 which	 facilitated	 identification	 of	 sensor	 platforms,	 smart	
processing	platforms,	and	communication	technologies	as	the	key	components	of	remote	monitoring	
and	diagnostics,	necessitating	further	investigations	on	them.	Sensing	platforms	embedded	with	on-
board	 processing	 capabilities,	 great	 accuracy	 in	 measurement	 and	 on-board	 communication	
technologies	such	as	Wi-Fi,	Bluetooth,	Zigbee,	and	3G	enabled	wireless	Sensor	networks	such	as	BAN	
in	healthcare	and	rapid	cloud	integration	are	considered	for	remote	monitoring.		

Both	 WPAN	 and	 WLAN	 communication	 standards	 are	 reviewed	 in	 the	 context	 of	 healthcare	
applications.	 Both	 Zigbee	 and	 Bluetooth	 possess	 suitable	 characteristics	 for	 use	 in	 healthcare	
applications	by	 the	 virtue	of	 low	energy	 consumption,	 networking	 capabilities,	 and	 sufficient	 data	
rates	for	real	time	updates.	Zigbee	is	used	in	deploying	PAN	networks	and	Bluetooth	in	BAN	networks	
performing	 constant	monitoring	 and	 sending	 vital	 notifications	 or	 alerts	 on	 emergency	 situations.		
Bluetooth	 Low	 Energy	 (BLE),	 optimised	 for	 low	 power	 consumption	 is	 used	 in	 EEG	monitors.	 The	
introduction	of	6LowPAN	has	added	IPV6	potentials	in	WPAN	enabling	them	to	be	interoperable	with	
other	IP	devices	and	easily	becoming	the	part	of	the	Internet.	



Finally,	Wi-Fi	of	WLAN	is	found	to	be	suitable	for	the	home	care	applications,	since	it	is	broadly	used	
as	a	doorway	 for	 the	 Internet	due	 to	 its	native	 support	 for	 Internet	Protocol	 (IP),	well-established	
infrastructure	 and	 its	 nearly	 omnipresent	 stature.	 Low	 power	Wi-Fi’s	 are	 crafted	 to	 save	 energy;	
standby	and	sleep	modes	are	introduced	to	reduce	the	power	consumption	during	the	idle	time	in	
communication	compared	to	the	traditional	counterpart.	Low	power	Wi-Fi	consumes	as	little	as	0.2	
mA	makes	it	an	interesting	option	for	prolonged	monitoring	applications	in	home	healthcare.	

Use	of	smart	devices	as	a	feedback	component	in	home	care	is	also	discussed.	Smart	devices	today	
feature	higher	processing	power/computational	competences,	rich	user	interaction	display	and	native	
support	several	communication	standards	such	as	Wi-Fi,	Near	Field	Communication	and	Bluetooth	
4.0.	These	features	have	made	them	a	strong	contender	for	deploying	interactive	care	application	in	
motivating	COPD	patients.			

Prototyping	 a	 Point	 of	 Care	 (POC)	 terminal	 and	 optimizing	 it	 to	meet	 the	 requirements	 of	 home	
healthcare	is	dealt	in	the	third	phase	of	this	project.	Mobility	and	ease	of	use	are	established	as	the	
key	design	requirements	to	cater	the	needs	of	COPD	patients.		Prototyped	POC	implements	the	COPD	
care	cycle	offered	during	the	Spirometry	test	recommend	by	GOLD	standard	to	establish	the	base	line	
of	the	patient’s	health	as	its	main	functionality.		

POC	consisting	of	 the	breathing	 training	device	and	a	care	giving	application	running	on	the	smart	
devices	 is	 used	 to	 facilitate	 remote	monitoring	 and	 also	 in	 providing	 feedback	 to	 the	 patients	 for	
increased	motivation	which	corresponds	to	increased	adherence	to	COPD	management.	Low	power	
Wi-Fi	device	–	Flyport,	low	power	sensors	and	smart	devices	are	integrated	innovatively	to	realize	the	
POC	based	on	the	conclusions	drawn	from	the	study	on	ICT.		

The	design	requirements	–	mobility	and	ease	of	use	are	met	during	the	development	as	well;	resulting	
in	 an	 interactive,	 handheld,	 battery	 operable	 training	 device	with	 smaller	 form	 factor.	 Further	 to	
increase	the	efficiency	of	the	mobility	in	the	developed	POC,	the	battery	life	of	the	device	is	estimated	
and	also	extended.	

The	pre-optimization	battery	life	of	the	device	was	estimated	to	lasting	for	an	approximate	period	17	
days,	 when	 used	 at	 a	 rate	 of	 10	minutes	 per	 day	 following	 the	 care	 cycle.	 Optimization	 through	
controlling	the	hibernation	modes	of	the	FlyPort	module	during	breathing	cycle	have	further	extended	
the	battery	life	from	17	days	to	23	days.	This	estimation	again	reinforces	the	choice	of	low	power	Wi-
Fi	for	home	care.	

Additionally,	Wi-Fi	Direct	is	investigated	during	the	optimization	phase	as	a	suitable	candidate	to	add	
further	mobility	in	the	prototype.	Wi-Fi	Direct,	descendent	of	Wi-Fi,	eliminates	the	need	for	an	access	
point	to	interact	with	each	other	in	ad	hoc	mode	and	can	seamlessly	communicate	with	conventional	
Wi-Fi	 enabled	devices.	 These	 characteristics	 enabled	 the	development	of	 a	 new	use-case	wherein	
smart	phone/conventional	Wi-Fi	devices	are	used	as	a	gateway	to	connect	to	the	Internet	instead	of	
depending	on	home	gateway.	This	tweak	adds	great	mobility	in	using	the	training	device	outside	the	
home	environment	as	well.		

By	 integrating	 ICT	advancements	 such	as	COTS	 low	power	 sensors,	processing	platform,	Wi-Fi	 and	
Smart	devices	in	the	home	environment,	the	prototyped	POC	fulfils	the	intended	goal	of	this	work.	It	
stands	 as	 cost	 effective	 solution	 and	 a	 potential	 proof	 of	 concept	 for	 future	 home	 healthcare	



applications	 in	 using	 those	 advancements	 for	 a	 patient-centric	 and	 continuous	 care	 approach	 for	
COPD	home	management.	

FUTURE	WORK	

Investigations	indicate	conclusively	that	ICT	is	and	will	continue	to	play	a	pivotal	role	in	the	constant	
advancement	of	healthcare	systems	and	act	as	a	catalyst	in	enabling	a	paradigm	shift	towards	bringing	
healthcare	 to	 the	home	environment	and	 thus	 improve	 the	quality	of	 life	 in	our	 society.	 The	POC	
terminal	developed	in	this	project	is	one	such	example	in	taking	a	step	toward	this	paradigm	and	is	
merely	the	baby	steps	for	future	works	to	tread	on	and	achieve	greater	inroads.	

Time-constraint	of	the	project	limits	the	extent	of	study	and	boundary	conditions,	which	in	turn	limits	
the	scope	of	application.	Indirect	low	power	Wi-Fi	Current	consumption	analysis	on	HP	Wi-Fi	Direct	
Mobile	Mouse	shows	a	possibility	of	more	than	50%	reduction	in	power	consumption	and	using	Wi-Fi	
Direct	could	double	the	battery	life.	Employing	Wi-Fi	direct	for	the	training	device	on	the	POC	would	
enhance	 the	 mobility	 of	 the	 POC	 and	 also	 extend	 the	 duration	 of	 operation,	 perhaps	 through	
subsequent	development	iterations	of	the	device.	

From	the	additional	readings	done	throughout	the	study,	new	breakthroughs	in	ICT	such	as	IoT	are	
well	aiding	the	shift	of	healthcare	environment.	It	could	seamlessly	bring	home	healthcare	devices	to	
the	Internet	of	Things	paradigm.	Integration	of	the	training	device	with	ThingSpeak	platform	for	IoT	
already	serves	as	a	viable	example	in	similar	works.	IoT	should	be	further	explored	for	its	application	
in	home	healthcare	in	the	future	studies.	

In	the	feedback	functionally	of	home	care	in	the	current	version	of	the	device,	the	care	application	
could	 be	 enriched	 with	 additional	 functionalities	 which	 would	 facilitate	 live	 chats	 between	 the	
clinicians	and	the	patients,	and	also	schedule	reminders	and	appointments	remotely	 for	creating	a	
constant	and	personal	care	ecosystem.	
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9 APPENDICES	

APPENDIX	A	–	BLINKM	

Following	code	sequence	can	be	used	to	set	the	BlinkM	colour	to	red	over	the	I2C	interface.	

	

APPENDIX	B	–	WI-FI	DEFAULT	PROFILE	CONFIGURATION	MENU 

	

	

FIGURE	9-2	STEP	1	NETWORK	CONFIGURATION	

	



	

FIGURE	9-3	STEP	2	WIRELESS	CONFIGURATION	

	

	

FIGURE	9-4	STEP	3	WIRELESS	SECURITY	CONFIGURATION	

	

	

	

	

	

	

	

	

	

	



	

APPENDIX	C	–	THINGSPEAK	CHANNEL	CONFIGURATION	MENU	

The	channel	configuration	from	the	ThingSpeak	website	[59]	

	

FIGURE	9-5	CHANNEL	CONFIGURATION	MENU	

APPENDIX	D	–	THINGSPEAK	POST	REQUEST	

	

POST	/update	HTTP/1.1	

Host:	api.thingspeak.com	

Connection:	close	

X-THINGSPEAKAPIKEY:	Z4B61FNZ4XFD3QMD	

Content-Type:	application/x-www-form-urlencoded	

Content-Length:	(number	of	characters	in	message)	

field1=	(Pressure	1110.22)	

	



APPENDIX	E	–	CARE	APPLICATION	MOBILE	USER	INTERFACE  

Figure	below	show	the	user	interface	of	the	care	application	ported	to	the	Samsung	mobile	phone.	It	
offers	the	same	capabilities	as	the	application	developed	for	the	tablet.	

	

FIGURE	9-6	MOBILE	PHONE	UI	OF	THE	CARE	APPLICATION	


