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			Figure	15	-	Flights	user	comparison	map	

	

4.2.4 Deployment	

¥! Deployment	

During	the	development	phase	the	application	mostly	ran	on	the	local	development	

environment	but	for	enabling	the	users	to	test	the	product	it	needed	to	be	installed	on	a	

remotely	accessible	server.	As	a	first	approach	the	application	was	installed	to	a	CentOS	Linux	

system	in	the	Amazon	EC2	cloud	which	is	a	pay	as	you	go	based	cloud	server	platform.	But	as	

the	development	pushed	forward	it	needed	to	be	realised	that	the	platform	is	not	

appropriate	for	the	project’s	purposes.	The	bundle	which	was	used,	charged	the	fee	after	the	

number	of	requests	which	was	not	the	best	option	for	the	polling	based	application,	making	

numerous	requests	every	minute.	At	the	end	the	application	was	deployed	to	a	Windows	

server	in	the	CenturyLink	cloud	which	provided	fix	monthly	billing.		
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5 Framework	evaluation	and	comparison		

This	chapter	provides	a	detailed	framework	comparison	by	going	through	o	all	the	

previously	defined	comparison	methodologies.	First	there	is	a	short	overview	of	the	

frameworks	which	is	followed	by	a	comparison	based	on	the	APIs’	and	the	frameworks’	

support.	At	the	end	of	the	second	subchapter	the	frameworks	are	ranked	by	the	the	basic	

attributes	related	to	the	API	complexity	and	technological	support.	The	overall	comparison	is	

followed	by	a	more	detailed	one,	related	to	the	visualisation	of	dynamically	changing	data,	

based	on	the	concrete	application	development.	The	last	section	compares	the	frameworks	

by	the	users’	feedback	including	describing	some	details	about	the	questionnaire.	

5.1 Origin	and	license	

This	subchapter	summarises	the	background	of	the	frameworks	and	describes	the	type	of	

license	with	which	the	technology	is	released.	

Google	Maps	

The	Google	Maps	application	released	in	2005	was	the	first	from	the	three	frameworks	in	

2005.	Soon	after,	Google	created	their	publicly	available	Google	Maps	JavaScript	API	which	

has	been	extended	by	other	platforms	since	then	such	as	Flash	and	Android	(Google,	Our	

history	in	details).	The	API	comes	under	Google’s	license	with	different	billing	plans.	Contrary	

to	the	common	belief,	the	product	usage	is	free	within	the	framework	of	the	standard	usage	

plan.	This	includes	twenty-five	thousand	map	loads	per	twenty-four	hours	which	is	a	

reasonable	number	for	smaller	applications	like	this.	The	other	Google	services	such	as	street	

view	and	the	Directions	API	are	not	included	in	this	plan	(Google,	Google	Maps	JavaScript	API	

Usage	Limits).		The	usage	is	monitored	with	a	unique	API	key	which	can	be	obtained	from	

Google’s	website	for	each	application.		

Openlayers	

The	Google	Maps	was	followed	by	the	Openlayers	framework’s	first	edition	in	2006.	It	was	

originally	developed	by	MetaCarta,	but	since	November	2007	it	has	been	an	Open	Source	

Geospatial	Foundation	project	(Gratier,	Spencer,	&	Hazzard,	2015).	The	current	version	of	the	

API	is	the	OpenLayers3.	
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Leaflet	

In	2011	Leaflet	was	the	last,	as	an	open	source	project.	The	library	was	originally	

developed	by	Vladimir	Agafonkin	but	currently	it	is	an	open	source	GitHub	project	with	over	

hundred	contributors.	

5.2 API	and	support	

This	subchapter	is	responsible	for	comparing	the	frameworks	based	on	general	features	and	

the	complexity	of	the	APIs.	It	also	includes	the	summary	and	the	comparison	of	the	support	

of	the	frameworks.	

Leaflet	

As	Fernandes	et	al.	(Fernandes,	Goulão,	&	Rodrigues)	indicated	the	structure	and	the	

concept	behind	the	API-s	are	slightly	different.	Since	being	the	most	recent	framework	Leaflet	

uses	the	latest	JavaScript	and	HTML	features	to	implement	the	different	functionalities.	The	

API	itself	is	a	very	simple	to	use,	tiny,	65Kb	sized	JavaScript	file.	However,	the	core	framework	

only	meets	the	basic	mapping	requirements	as	built-in	features,	the	system	does	not	lack	any	

functionalities.	The	architecture	is	based	on	decoupled	components	instead	of	a	massive	

core.	On	the	official	Leaflet	website	currently	there	are	more	than	two	hundred	different	

plugins	available	providing	wide	variety	of	functionalities,	and	this	number	is	growing	fast.	

This	modular	based	architecture	allows	different	developers	to	focus	on	one	particular	

feature	and	make	it	as	good	as	it	is	possible.	The	community	support	of	the	framework	is	

outstanding.	On	average,	two	to	three	different	plugins	can	be	found	for	every	functionality	

which	was	required	for	the	project.	The	documentation	and	the	quality	of	the	plugins	are	

adequate.	The	heatmap	plugin	which	is	used	for	displaying	the	car	park	occupancy	was	

written	by	Agafonkin	himself.	(Ortega,	2015)	

The	Leaflet	official	website	contains	around	ten	simple	tutorials	to	understand	and	

implement	the	most	used	features	of	the	framework.	The	core	documentation	is	structured	

thematically	and	provides	usage	examples	in	quite	a	high	number	of	the	cases.		

The	plugins	which	can	be	chosen	from	the	catalogue	are	accessible	through	the	official	

site	too.	After	choosing	the	required	plugin	the	developer	is	redirected	to	the	GitHub	

directory	of	the	feature,	where	the	documentation	and	usually	a	live	demo	can	be	found.	

Although	the	plugins	which	were	used	during	the	project	were	appropriate,	since	they	are	

maintained	by	different	developers	they	might	not	kept	up	to	date	with	the	new	versions	of	

the	core	framework.	
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Openlayers	

Openlayers	uses	a	significantly	different	architectural	concept	than	Leaflet,	it	tries	to	

include	all	the	features	which	a	developer	might	require.	The	core	application	contains	a	wide	

range	of	built	in	features	and	functions	which	increases	the	size.	Openlayers2	was	almost	a	

megabyte	but	the	developers	managed	to	reduce	the	size	in	order	to	increase	the	mobile	

usability.	The	minified	version	of	the	current,	core	Openlayers3	library	is	495Kb	which	is	still	

more	than	ten	times	larger	than	Leaflet.	Because	of	this	change	in	the	size,	the	API	has	

changed	a	lot	too,	and	not	only	between	Openlayers2	and	Openlayers3	but	between	the	

smaller	version	changes	as	well.	Fernandes	et	al.	revealed	that	the	compatibility	between	the	

different	versions	can	be	low,	but	it	was	not	suspected	at	that	time	that	it	would	effect	this	

project.		However,	it	was	not	the	case,	because	many	of	the	example	codes	and	the	demos	

which	can	be	found	for	Openlayers	are	not	compatible	with	the	current	version.	Even	though	

there	are	149	examples	on	the	official	site,	not	all	of	them	are	useful.	Not	to	mention	the	

community	based	support	websites	such	as	Stackoverflow	or	the	GIS	Stackexchange	where	

the	features	which	are	mentioned	in	the	few	years	old	examples	are	not	even	part	of	the	API	

anymore.	Because	of	this	it	is	crucial	to	use	the	API	documentation.	The	official	

documentation	is	good	quality,	containing	a	few	examples	too,	but	since	the	whole	

architecture	is	more	complex,	the	Openlayers’	documentation	requires	deeper	knowledge	of	

the	area	than	Leaflet	does.	

Google	Maps	

Google’s	core	architecture	provides	many	different	functionalities,	and	is	very	extensible,	

more	like	Openlayers.	Since	Google	Maps	is	the	most	widely	used	mapping	framework,	it	is	

robustly	tested	and	supported	too.		On	the	official	website	there	are	plenty	of	well	designed,	

working	tutorials	which	explain	and	demonstrate	the	usage	of	the	framework.	As	Fernandes	

et	al.	indicated	the	API	changes	between	the	different	versions	of	Google	Maps	are	negligible	

so	the	older	examples	provided	by	the	community	largely	worked	well.	The	API	provides	a	

higher	level	of	abstraction	which	makes	the	use	of	the	even	more	complex	features	relatively	

simple,	but	on	the	other	hand,	it	allows	less	customisation.	

Even	though	Google’s	API	is	publicly	available	the	source	code	is	not,	so	the	flexibility	is	

much	lower	compared	to	the	open	source	frameworks.		This	also	affected	this	project	work.	

The	original	plan	was	to	make	all	three	maps	look	exactly	the	same	by	using	the	same	map	

tile	server	for	all	of	them.	Unfortunately,	this	feature	is	not	configurable	in	the	Google	Maps	

API,	and	since	the	source	is	not	open,	it	is	not	even	editable.	
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Marking	

Finally,	the	different	attributes	of	the	frameworks	based	on	the	previous	discoveries	were	

marked	on	a	scale	between	1-3	for	easier	comparison.	Number	1	is	the	weakest	mark	

showing	that	the	framework	has	weaknesses	in	the	measured	aspect,	while	number	3	

indicates	that	the	attribute	is	a	strong	point	of	the	framework.	This	is	a	clearer	way	to	

represent	the	results	and	more	tangible	to	compare	the	frameworks.	

Table	1-	API	and	support	comparison	

	 Leaflet	 Openlayers	 Google	Maps	

API	Documentation	 3	 3	 3	

Tutorials	 2	 1	 3	

Community	support	 3	 1	 3	

License	 3	 3	 2	

Total	 11	 8	 11	

	

The	results	clearly	indicate	the	disadvantages	of	each	framework.	In	the	end	Google	Maps	

and	Leaflet	got	the	same	score	by	losing	only	one	point	in	slightly	different	areas.	These	two	

frameworks	won	this	comparison	with	the	good	support	and	flexible	API.	Leaflet	did	not	get	

the	maximum	point	because	of	the	lack	of	tutorials	while	Google	Maps	lost	a	point	because	

of	the	less	flexible	license.	As	was	indicated	earlier,	because	of	the	weak	community	support	

and	the	significant	differences	between	the	API	version,	it	was	much	more	difficult	to	work	

with	Openlayers	than	with	the	other	two	frameworks.	That’s	why	it	only	collected	eight	

points.	

	

5.3 Matching	the	constraints	

In	this	subchapter	the	developer	side	comparison	can	be	read.	The	main	focus	of	this	

subchapter	is	to	describe	how	the	constraints	were	met	with	all	the	frameworks.	To	help	the	

comparison,	evaluation	comments	and	explanations	are	added	to	the	description.	At	the	end	

of	the	section	a	comparison	table	can	be	seen	displaying	how	many	points	the	frameworks	

got	on	each	constraint.	
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Leaflet	

Thanks	to	the	custom	plugins,	Leaflet	provided	some	really	simple	implementations	to	

meet	all	the	constraints	which	were	set.	It	was	relatively	straightforward	to	find	the	right	

plugins	through	the	official	Leaflet	website.	

The	car	park	map’s	code	was	relatively	simple.	The	Realtime	plugin	takes	care	of	the	data	

loading,	only	a	few	configuration	fields	are	needed	to	be	set.	To	make	the	heatmap	feature	

look	similar	to	the	others,	two	different	plugins	were	tried.	To	swap	between	the	

implementations,	only	another	import	statements	and	small	changes	to	the	datasource	were	

needed.	This	demonstrates	well	the	simplicity	and	flexibility	of	the	framework.	The	heatmap	

plugin	takes	three	inputs,	the	coordinates	and	the	weight	of	the	point	by	default.	The	

heatlayer’s	datasource	is	overridden	on	every	data	refresh	which	implies	the	redrawing	of	the	

layer	automatically.	

Similar	high	level	functionality	was	provided	for	the	flight	tracking	as	well.	The	Realtime	

plugin	can	maintain,	add,	remove	and	move	the	objects	arriving	from	the	endpoints	

automatically.	The	only	configuration	which	was	needed	to	set	was	the	name	of	the	identifier	

field,	to	let	the	plugin	know	which	property	identifies	the	objects.	It	solved	the	data	loading	

and	object	displaying	constraints.	The	icons	were	clickable	by	default.	To	find	a	solution	for	

implementing	the	icon	changes	with	the	popup	window,	only	the	official	Leaflet	

documentation	needed	to	be	looked	up.	The	popup	window	is	a	built	in	feature	in	Leaflet	

which	is	bound	to	the	object,	so	it	moves	together	with	the	icon	if	its	location	changes.	To	

enable	the	icon	rotation	on	update,	was	slightly	more	complicated	task	but	there	were	useful	

comments	in	the	Realtime	plugin’s	GitHub	repository	which	helped	to	satisfy	the	constraint.	

The	Realtime	plugin	accepts	inputs	in	GeoJSON	format	as	well,	so	the	automatic	loading	of	

this	format	was	solved	as	well,	without	the	need	of	writing	custom	code.	

Openlayers		

To	work	with	the	Openlayers	framework	was	not	as	straightforward	as	with	Leaflet	even	

though	finally,	almost	all	the	constraints	were	met.	

Despite	there	not	being	an	integrated	feature	like	the	Leaflet	Realtime	for	loading	data	

periodically	from	an	endpoint,	the	final	car	park	heatmap	solution	ended	up	being	fairly	

simple.	Openlayers	contains	a	built	in	heatmap	feature	which	was	convenient	to	use.	It	only	

requires	a	vector	as	a	datasource	with	the	weight	attributes	set	to	display	the	different	
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occupancies.	To	pick	up	the	changes	and	redraw	the	layer,	the	changed	event	needed	to	be	

called	manually.		

The	flight	map’s	code	is	much	longer	and	more	complicated	than	the	car	park	map’s	or	the	

flight	map’s	written	with	the	other	two	frameworks.	There	is	no	built	in	feature	for	creating	

markers	in	Openlayers.	To	add	a	marker	like	object	to	the	map,	a	Point	object	needs	to	be	

created,	obviously	with	the	transformed	coordinates.	Then	this	Point	has	to	be	passed	as	a	

parameter	to	a	Feature	object,	and	then	the	feature	object	gets	a	Style	object	which	will	

behave	as	the	Openlayers’	marker.	Although	this	process	has	the	same	result	as	adding	a	

Marker	object,	it	is	more	complicated	than	with	the	other	frameworks.	

Openlayers	currently	did	not	provide	a	popup	feature	either,	so	a	custom	solution	needed	

to	be	created.	The	popup	is	simply	a	positioned	HTML	element	which	is	added	to	the	map	as	

an	overlay.	Then	all	the	listeners	needed	to	be	written	manually	allowing	the	icons	to	be	

clickable	and	for	showing	and	destroying	the	popups.	Since	the	popups	are	not	bound	directly	

to	the	map	object	they	do	not	follow	them	while	their	location	changes	so	this	constraint	is	

not	met.		

No	reasonable	way	was	found	to	add	animation	to	the	moving	flight	features	either	so	the	

map	is	not	animated	which	fails	another	constraint.	

To	change	the	icons	and	make	them	rotated	with	the	orientation	of	the	planes	a	new	Style	

object	has	to	be	created	for	every	data	response	and	either	update	the	already	existing	

planes	or	set	it	as	the	style	of	a	new	Feature.	

Since	Openlayers	uses	a	different	projection	than	the	general	standard,	issues	needed	to	

be	overcome	repeatedly	during	the	development	by	translating	the	coordinates	from	one	

projection	into	the	other.	Even	the	rotation	angle	needed	to	be	changed	to	radians	from	

degrees.	The	other	main	problem	was	the	out	of	date	tutorials	and	community	references.	

Only	every	fourth	or	fifth	example	was	compatible	with	the	used	version.	Openlayers	

provided	basic	support	for	all	the	required	features,	but	with	quite	low	abstraction	and	

weaker	support.		

Google	maps		

There	is	a	built	in	feature	in	Google	Maps	which	is	responsible	for	loading	GeoJSON	files	

from	a	remote	URL	and	adding	the	received	data	to	the	map	as	markers,	although	it	was	not	

used	at	the	end	because	of	customisation	issues.	The	heatmap	is	not	included	in	the	core	

Google	Maps	library	but	only	by	adding	the	“visualisation”	keyword	to	the	end	of	the	import	
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URL,	another	framework	extension	will	be	loaded	which	contains	some	extra	features	

supporting	the	visualisations.	It	was	fairly	simple	to	implement	the	heatmap	thanks	to	the	

tutorials	on	the	Google’s	site.	The	framework	provides	an	MVC	object	which	automatically	

sends	change	events	every	time	the	underlying	data	refreshes	so	the	heatmap	layer	knows	

when	it	needs	to	be	redrawn.	For	adding	different	intensity	only,	the	weight	property	needed	

to	be	set	on	the	heatmap	layers	input.	

For	adding	the	planes,	the	Google	Maps	integrated	Marker	class	was	used.	On	creation	the	

icon	can	be	configured	and	listeners	can	be	added.	A	click	listener	needed	to	be	added	which	

opens	an	info	window.	The	Infowindow	is	a	built-in	feature	too,	and	since	it	is	bound	to	its	

marker,	it	moves	if	the	marker	changes	its	location.		

The	icon	rotation	caused	some	issues	since	the	Google	Maps	framework	is	not	able	to	

rotate	images	as	the	other	two	frameworks.	Scalable	Vector	Graphic	(SVG)	needed	to	be	

created	from	the	image	which	was	used,	to	make	the	rotation	property	work	on	the	markers.	

To	animate	the	movement	of	the	markers	a	third	party	Google	Maps	extensions	was	used.	

The	MarkerAnimate	and	the	SlidingMarker	are	two	small	JavaScript	files	which	helped	to	

change	the	global	behaviour	of	the	markers.	By	importing	the	scripts	and	adding	an	extra	

duration	property	to	the	creation	of	the	markers,	the	animation	constraint	was	easily	met.		

It	was	not	expected	that	external	plugins	would	be	used	for	the	Google	Maps	framework,	

but	there	are	quite	a	few	which	provide	higher	abstraction	level	solutions	for	those	few	

common	problems	to	which	Google	has	not	yet	given	a	solution.	

Comparison	Table	

To	compare	the	results	from	development	perspective	a	table	was	created	where	the	

different	requirements	are	listed	which	the	maps	needed	to	fulfil.	In	the	table	it	is	compared	

how	difficult	it	was	to	satisfy	the	constraints.	For	this	the	time	taken	to	find	guidance	for	the	

solution,	the	time	taken	to	implement	the	solution,	the	complexity	of	the	code	and	the	

quality	of	the	solution	were	taken	into	account.	At	the	end	these	values	were	aggregated	and	

displayed	on	a	list	from	0-3	where	0	means	that	the	requirement	is	not	met	while	3	means	

that	it	was	easy	to	find	guidance	and	during	a	short	time	a	good	quality	but	simple	solution	

could	be	developed.	
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Table	2	-	Constraint	based	comparison	

	 Leaflet	 Openlayers	 Google	Maps	

Automatic	GeoJSON	loading	 3	 2	 3	

Heatmap	API	 3	 3	 3	

Heatmap	node	weighting	 3	 2	 3	

Heatmap	dynamic	update	 3	 3	 3	

Custom	icon	display	 3	 2	 3	

Icon	rotation	 2	 2	 1	

Clickable	icons	 3	 1	 3	

Popups	 3	 1	 3	

Popups	moving	with	icons	 3	 0	 3	

Animated	movement	 3	 0	 2	

Total	 29	 16	 27	

	

Openlayers	ended	up	in	the	last	position	again.	This	was	due	mostly	to	the	lack	of	

integrated	marker	and	popup	support,	along	with	everything	taking	much	longer	with	this	

framework.	Openlayers	definitely	lost	the	competition	in	this	comparison,	since	in	the	last	

two	contstraints,	most	complex	functionalities	could	not	even	be	implemented.	Leaflet	and	

the	Google	Maps	finished	quite	close	to	each	other.	Both	lost	points	on	the	icon	rotation	and	

since	Google	Maps	can	not	rotate	images	just	vector	graphics,	which	makes	the	animation	

speed	slower,	it	only	came	second.	Both	frameworks	provided	sufficient	support	for	meeting	

the	constraints	and	there	were	no	big	difficulties	during	the	development	either.	It	can	be	

said	that	neither	of	the	last	two	frameworks	is	a	bad	option	for	dynamic	data	visualisation	

purposes.	

	

5.4 Questionnaire	

The	questionnaire	is	responsible	for	helping	the	map	evaluation	from	user	perspective.	

The	questions	were	mostly	focused	on	getting	subjective	user	feedback	on	both	the	

framework	comparison	and	the	effectiveness	of	the	visualisations	as	well.	The	maps	were	not	
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named	after	the	frameworks	but	were	called	only	Top	Map,	Middle	Map	and	Bottom	Map	

thus	trying	to	avoid	any	preconceptions.	During	the	questionnaire	evaluation	the	same	names	

will	be	used,	the	corresponding	frameworks	are:	Leaflet,	Openlayers	and	Google	Maps	in	

order.	

The	questionnaire	was	completed	by	twenty	people,	from	which	a	significant	number	has	

previously	worked	with	maps.	This	was	not	a	prerequisite	but	helped	to	get	useful	feedback	

and	suggestions	on	the	maps.	The	questionnaire	directs	the	tester	to	the	main	page	of	the	

website	and	provides	basic	information	about	what	they	need	to	do.		

Flight	map	

The	first	six	questions	of	the	questionnaire	are	related	to	the	flight	map	after	directing	the	

users	to	make	some	basic	interactions	with	the	maps	such	as	finding	flights.	

	

Although	85%	of	the	testers	experienced	difference	in	speed	between	the	maps,	the	

ranking	results	are	not	that	obvious	(Question	1).	Leaflet	was	said	to	be	slower	than	the	other	

two	maps	by	six	people	but	at	the	same	time	five	tester	felt	like	it	was	faster	than	the	others.		

Question	2	

Question	1	
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As	it	can	be	seen	on	Question	2,	Openlayers	received	thirteen	average	votes	which	is	the	

most	uniform	result.	Finally,	it	seems	to	be	the	most	number	of	users	felt	Google	Maps	is	

faster	than	the	others,	since	it	got	eleven	polls	in	the	“faster”	row.		

The	results	show	that	Google	Maps	performed	slightly	better	while	Leaflet	produced	

slightly	worse	results	in	the	speed	comparison,	although	as	it	can	be	seen	this	test	provided	

quite	scattered	results.	

The	answers	for	the	Question	3	were	more	unanimous.	It	shows	that	95%	of	the	testers	

think	that	the	moving	plane	icons	are	a	good	way	to	visualise	air	traffic.	Based	on	the	

comments	the	users	were	fond	of	the	real	time	behaviour	and	the	simplicity	of	the	map	both	

from	understanding	and	from	usage	perspective.	

	

Question	3	

	

In	the	last	question	(Question	4)	the	users	needed	to	choose	a	favourite	map,	where	

Google	Maps	seemed	to	be	the	most	popular	with	half	of	the	votes.	While	Leaflet	got	

respectable	35%,	Openlayers	was	not	too	popular	between	the	testers.	Only	two	people	

responded	that	they	liked	the	Middle	Map	the	most.		

Question	4	
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Glasgow	map	

The	second	part	of	the	questionnaire	focused	on	the	recorded	Glasgow	car	park	

occupancy	and	traffic	events	map	asking	similar	questions	as	in	the	first	part.	

	

The	heatmaps	got	the	lowest	effectiveness	score	from	the	visualisation	techniques.	Only	

75%	of	the	responders	think	that	the	heatmaps	are	a	good	way	to	visualise	car	park	

occupancy	data	(Question	5).	

Based	on	the	user	feedbacks	such	as:”	It	is	difficult	to	make	a	quantitative	decision	based	

on	a	colour	at	a	single	point	in	time.	Would	have	been	more	useful	if	there	was	also	a	

percentage	occupancy	too.”	It	can	be	said	that	in	general	the	users	liked	the	idea	of	displaying	

the	busier	parts	of	the	city	but,	the	exact	locations	with	the	exact	number	of	free	spaces	or	

occupancy	percentages	were	missed	from	the	maps.	The	testing	indicated	as	well,	that	the	

car	parks	close	to	each	other	on	higher	zoom	level	can	dilute	or	pollute	each	other’s	data,	

making	their	individual	occupancy	levels	look	inaccurate.	

	 	

Question	5	
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Markers	

The	markers	for	visualising	road	traffic	events	were	more	coherent	according	to	the	users,	

since	90%	agreed	with	this	technique	being	good	for	the	purpose,	as	can	be	seen	in	Question	

6.	Although	a	few	comments	arrived	indicating	that	without	clicking	them	it	is	difficult	to	

figure	out	what	the	markers’	goal	is.	“It's	not	the	most	obvious	what	they	are	until	you	click	

them”.		

As	a	part	of	Question	7	the	users	needed	to	rank	the	maps	by	look	and	feel.	This	

comparison	resulted	in	a	clearer	answer.	Openlayers	became	quite	average	with	almost	the	

same	amount	of	people	voting	it	worse	as	normal	or	better.	While	Leaflet	got	a	little	more	

“worse”	votes	than	the	Openlayers,	it	received	half	as	many	“better”	ones	so	it	finished	on	

the	third	place.	Google	Maps	got	the	best	results	in	this	comparison	with	only	one	“worse”	

vote	and	with	more	“better”	ones	than	the	two	other	frameworks	together.	

	

Question	7	

	

Question	6	
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The	previous	results	more	or	less	reflect	the	outcome	of	the	last	question,	Question	8.	

Only	two	people	chose	Leaflet	as	the	favourite	map	while	Google	Maps	shared	the	remaining	

votes	equally	with	Openlayers.		

	

In	general,	the	results	indicated	that	Google	Maps	was	the	most	popular	from	the	client’s	

perspective.	It	finished	in	first	place	in	almost	every	question	which	can	be	related	to	that	the	

fact	that	users	probably	are	familiar	with	the	Google	Maps	map	tiles.	Leaflet	was	the	least	

popular	from	the	Glasgow	maps.	Based	on	the	user	feedback	such	as	“I	like	the	base	map,	but	

think	the	colours	on	the	heatmap	would	be	better	going	from	green	to	red”	the	Leaflet	was	

not	that	successful.	The	different,	less	intense	heatmap	colours	which	were	used,	were	not	

appreciated	on	the	Leaflet	map.	This	could	be	the	reason	why	it	received	“worse”	votes	from	

the	testers.		

Question	8	
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6 Results,	conclusion	and	recommendation		

6.1 Summary	

During	the	research	a	detailed	comparison	was	made	on	the	Leaflet,	Openlayers	and	

Google	Maps	frameworks	from	a	dynamic	data	visualisation	perspective	for	both	the	

developer	and	user.	The	comparison	was	based	on	different	methodologies	which	helped	

analyse	the	frameworks	on	different	levels.	It	included	the	development	of	an	application	to	

compare	the	frameworks	side	by	side	which	provided	the	basis	of	the	developer	side	

comparison	along	with	the	literature	reviews.	The	comparison	from	the	user	point	of	view	

was	based	on	a	questionnaire	which	was	filled	in	after	interacting	with	the	map.	The	

questionnaire	also	collected	some	feedback	on	the	effectiveness	of	the	different	dynamically	

changing	data	visualisations.	

The	research	revealed	the	strengths	and	the	weaknesses	of	each	framework	and	

demonstrated	how	difficult	it	was	to	develop	the	various	features	which	were	needed	for	the	

dynamic	visualisations	and	what	support	was	provided	by	the	frameworks.	The	questionnaire	

indicated	which	framework	was	preferred	by	the	users	and	which	visualisation	type	they	

considered	to	be	effective.	It	also	suggested	some	possible	improvements	and	ways	in	which	

the	application	can	be	developed	further.	

	

6.2 Key	Findings	

This	subchapter	highlights	the	strengths	and	the	weaknesses	of	each	framework,	evokes	the	

key	findings	during	the	research	and	states	a	general	outcome	of	the	comparison.	The	

framework	also	summarises	the	evaluation	of	the	different	visualisation	effectiveness.	

Openlayers	

Openlayers	is	the	most	used	open	source	mapping	framework	with	a	wide	range	of	

integrated	features.	Although	it	provides	support	for	almost	all	the	requirements	which	are	

needed	for	visualising	dynamically	changing	data,	there	were	some	features	which	could	not	

be	implemented	with	Openlayers.	On	the	other	hand,	the	size	of	the	framework	is	bigger	

than	the	other	two,	including	the	API’s	and	it	is	more	complex	as	well.		Moreover,	Fernandes	

et	al.	(Fernandes,	Goulão,	&	Rodrigues)	in	the	reviewed	research	and	the	application	

development	revealed	that	the	developers	can	face	difficulties	with	the	Openlayers	

framework	because	of	the	weak	support	and	the	significant	API	changes	between	the	
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different	versions.	These	findings	can	be	considered	as	primary	data	which	proved	the	

conclusion	of	Fernandes	et	al.	Since	the	framework	uses	different	projections	than	the	other	

two	frameworks,	transforming	the	coordinates	slowed	down	the	development	process	as	

well.	Even	taking	into	account	that	the	framework	finished	in	the	second	place	on	the	client	

side	popularity	comparison,	when	aggregating	all	of	the	results,	Openlayers	is	the	least	

recommended	from	the	three	frameworks	for	dynamic	data	visualisations.	

Leaflet	

Leaflet	is	the	fastest	evolving	open	source	mapping	framework	with	a	lightweight	

framework.	Although	the	core	framework	has	limited	functionality	it	is	easily	extendable	with	

any	required	features	by	the	wide	plugin	system.	It	was	straightforward,	easy	to	find,	and	

easy	to	use	plugins	for	implementing	the	constraints.	For	the	developer	side	evaluation,	it	

received	the	best	results	out	of	all	three	frameworks	thanks	to	the	good	community	support	

and	the	flexible	architecture.	Although	the	framework	got	satisfying	results	on	the	flight	map	

comparison,	it	was	the	least	popular	Glasgow	map	because	the	users	didn’t	like	that	the	

heatmap	didn’t	use	the	standard	colours.	In	general,	if	one	prefers	to	work	with	an	open	

source	technology	for	dynamic	data	visualisation	the	Leaflet	framework	is	definitely	a	good	

choice.	

Google	Maps	

Google	Maps	as	the	biggest	and	most	widely	used	map	framework	provides	a	decent	sized	

framework	with	high	abstraction	and	low	complexity	API.	At	the	developer	side	comparison	

Google	Maps	finished	with	good	results,	just	missing	first	place	because	of	the	lack	of	image	

rotation.	Working	with	the	framework	is	pretty	fast	thanks	to	the	good	API	documentation	

and	the	tutorials.	From	the	client	side,	people	liked	Google	Maps	the	most.	Unlike	what	was	

deducted	from	the	work	of	Fernandes	et	al.	(Fernandes,	Goulão,	&	Rodrigues)	the	framework	

is	flexible	enough	for	implementing	the	visualisations.	In	general,	if	someone	doesn’t	mind	

working,	or	above	a	certain	usage	even	paying	for	the	licensed	framework	Google	Maps	with	

Google	behind	it	is	probably	one	of	the	best	options.	

	

Effectiveness	of	visualisations	

The	other	question	which	the	research	aimed	to	answer	is	related	to	the	effectiveness	of	

the	different	dynamic	data	visualisations.	The	questionnaire	tried	to	find	an	answer	to	the	

previous	as	well.		
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Based	on	the	feedbacks	the	moving	icons	are	a	good	way	to	visualise	moving	traffic	such	

as	flights.	The	movement	can	be	tracked	in	real	time	and	if	the	icons	are	clickable	they	can	

provide	additional	information	about	traffic	participants.	To	display	the	more	static	traffic	

events,	the	data	which	is	changing	in	existence,	appearing	and	disappearing	icons	seem	to	be	

a	satisfying	solution	as	well.	Unlike	the	previous	two	the	car	park	occupancy	visualisation	as	

heatmaps	wasn’t	that	successful.	The	users	missed	the	more	accurate	information,	although	

most	of	them	liked	the	basic,	colouring	concept	which	was	based	on	the	work	of	Wood	et	al	

(Wood,	Slingsby,	&	Dykes,	2011).	Most	likely	the	technique	could	be	improved	with	clickable	

locations	or	a	layer	which	can	be	switched	on	and	off	to	display	more	details.	

	

6.3 Weaknesses	of	the	study	and	recommendations	

Since	this	research	is	the	first	in	the	area	of	web	mapping	framework	comparison	from	a	

dynamic	visualisation	perspective,	it	is	likely	that	the	project’s	methodology	could	be	

improved	as	there	are	plenty	of	other	ways	to	approach	the	analysis	differently.	

The	comparison	based	on	the	development	of	the	application	revealed	the	main	strengths	

and	weaknesses	of	the	frameworks	but	since	it	was	done	only	by	one	developer,	it	doesn’t	

provide	wide	coverage.	To	validate	the	results,	similar	testing	could	be	done	by	multiple	

developers.		

	

Application	improvements	

In	general,	the	comparison	could	be	made	easier	if	all	the	maps	moved	together	just	by	

interacting	with	one.	For	example,	if	a	user	zooms	or	pans	on	the	top	map	all	the	three	would	

do	the	same.	

The	users	who	tested	the	application	could	leave	feedback	and	suggestions	on	how	the	

maps	could	be	improved.	The	feedback	is	processed	here	as	well,	providing	ideas	for	the	

possible	improvements.	

	The	users	were	more	or	less	satisfied	with	the	flight	map	but	there	were	few	features	

which	could	be	added	to	widen	the	functionality.	A	useful	improvement	would	be	to	add	a	

search	field,	similar	to	the	search	field	of	standard	street	maps.	The	field	could	be	used	for	

tracking	the	flights	by	their	flight	number	or	other	properties.	
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Regarding	the	Glasgow	map,	a	feature	could	be	added	to	indicate	more	specific	

information	about	the	car	parks	and	the	occupancy,	such	as	location	and	occupancy	

percentage	or	the	number	of	free	spaces.	As	another	direction,	the	heatmap	technology	

could	be	replaced	with	something	similar.	For	example,	different	coloured	or	sized	objects	

such	as	circles	could	indicate	the	occupancy	levels	of	the	car	parks.	

Moreover,	as	the	original	plan	was,	real	time	car	traffic	data	could	be	displayed	to	increase	

the	usability	of	the	maps.	It	not	only	would	provide	useful	information	but	would	correlate	

better	with	the	car	park	occupancy	and	with	the	traffic	events	information	as	well.	

In	general,	the	application	could	be	enhanced	with	other	types	of	live	data,	showing	

different	types	of	visualisations	too.	Another	area	of	future	development	could	be	to	extend	

the	whole	research	by	adding	new	frameworks	to	the	comparison,	since	there	are	plenty	

other	web	mapping	frameworks	out	on	the	market.	

	

Questionnaire	improvements	

Even	if	it	can	be	said	that	the	right	questions	were	asked	in	the	questionnaire,	there	are	

possible	improvements	from	the	user	side	evaluation	perspective.	It	is	possible	that	the	

testers	voted	on	the	Google	Maps	implementations	as	a	favourite	map	because	the	tile	layers	

were	more	familiar	than	the	other	two.	To	eliminate	all	the	differences	between	the	maps	the	

same	map	tile	layers	could	be	used.	In	this	case	the	users	would	only	evaluate	the	framework	

differences	not	the	framework	and	map	tile	differences	together.		

Although	85%	of	the	responders	indicated	that	they	noticed	speed	difference	between	the	

maps,	the	results	didn’t	show	a	clear	order	between	them.	It	is	most	likely	that	the	maps	have	

performance	effects	on	each	other,	so	a	better,	automated	method	could	be	developed	to	

test	the	speed	differences.	This	could	be	used	on	the	separate	maps	to	produce	exact	

numbers	for	the	loading	and	using	speed	of	the	maps.	
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Appendix	1	–	Questionnaire	
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