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Abstract	—	Recent	advancements	in	the	field	of	embedded	
systems	and	network	 speeds	 in	general	–	particularly	 the	
realization	 of	 concepts	 of	 image	 processing,	 live	 video	
streaming	 and	 Internet	 of	 Things	 have	 redefined	 the	
technology	world,	as	we	knew	years	ago.	In	terms	of	video	
streaming,	the	rapid	increase	of	speeds	of	networks	around	
the	world	have	enabled	fast	and	efficient	streaming	of	live	
content.	Embedded	systems	have	made	it	simpler	to	build	
portable	devices	which	can	stream	live	video	via	a	network.	
This	review	analyses	these	developments	in	detail,	outlining	
the	potential	 left	 for	development.	 In	doing	so,	 the	paper	
looks	at	techniques	and	technologies	that	have	been	used	
for	 streaming	 videos	 over	 networks.	 Special	 emphasis	 is	
placed	 on	 using	 the	 available	 technologies	 for	 screen	
mirroring	 and	 live	 video	 broadcasting.	 Development	 in	
these	concerns	will	assist	in	developing	lightweight	wireless	
systems	for	TV	stations	to	personal	video	uploading	in	social	
media.	
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I. INTRODUCTION	
	
Video	 transmission	over	networks	has	been	a	 contended	
topic	 of	 research	 ever	 since	 the	 birth	 of	 the	 Internet.	
Though	many	technologies	have	developed	over	time,	one	
significant	shortcoming	which	marred	the	propagation	and	
the	 popularisation	 of	 network	 video	 streaming	 is	 the	
practical	issue	of	low	bandwidth	in	networks.	In	the	current	
sphere,	however,	most	countries	have	achieved	significant	
network	 bandwidths	 with	 the	 development	 of	 ADSL,	 3G	
and	4G	networks	around	their	countries.	In	such	a	context,	
live	video	streaming	has	become	a	crucial	area	of	research	
as	it	now	involves	the	added	concern	of	managing	millions	
of	connected	devices	at	once.	It	is	predicted	that	there	will	
be	over	25	billion	connected	devices	by	the	year	2020	(“The	
Evolution	of	Mobile		Technologies,”	2014).	
As	of	2017,	major	 corporations	are	 focussing	 strongly	on	
live	video	streaming.	As	 such,	“streaming”	 is	moving	 into	
the	 mainstream.	 This	 focus	 has	 resulted	 in	 apps	 like	
Periscope	 (“Periscope	 -	 Live	 Video	 -	 Android	 Apps	 on	
Google	 Play,”	 2017),	 YouTube	 and	 Facebook	 Live	 which	
have	made	it	easy	for	anyone	with	a	smartphone	to	start	
streaming.	They	have	normalized	the	idea	of	live	streaming	
video	and	as	a	result	millions	of	people	are	now	used	to	this	

type	 of	 content.	 That	 growing	 ubiquity	 represents	 an	
opportunity	 for	 other	 businesses.	 Live	 video	 can	 be	 a	
powerful	tool	for	marketing,	sales,	training,	entertainment,	
or	media,	as	it	is	a	compelling	technology	for	everyone,	in	
effectively	 transmitting	 a	 message	 of	 pages	 in	 a	 few	
seconds	 (“Youtube	 Live	 vs	 Facebook	 Live	 compared	 to	
Online	Video	Platforms,”	2017).	
	
Though	 this	 is	 the	 status	 quo,	 the	 birth	 of	 all	 these	
technologies	 run	 years	 behind.	 This	 paper	 thus	 discusses	
the	 development	 of	 wireless	 (online)	 video	 streaming	
technologies	and	engages	in	a	comparative	analysis	of	the	
same.		
	
Another	 important	 aspect	 discussed	 in	 this	 paper	 is	 the	
parallel	development	of	 live	collaboration	software	tools.	
These	 tools	 have	 been	 the	 artefacts	 to	 show	 how	much	
technology	 has	 triumphed	 in	 its	 application.	 Online	
collaboration	 tools	 have	 become	 instrumental	 in	 many	
areas	including	business	and	education.		
	
Though	technology	has	developed	at	an	alarming	rate,	one	
underlying	factor	of	limitation	when	it	comes	to	streaming	
live	 video	 is	 the	 bandwidth	 problem.	 To	 overcome	 this,	
either	 smaller	 packets	 of	 data	 containing	 the	 video	 data	
should	be	 transmitted	or	more	effective	algorithms	must	
be	used.	These	however	should	be	done	in	such	a	way	to	
ensure	that	the	quality	of	the	video	is	not	diminished.		
	
This	paper	therefore	looks	at	the	above-mentioned	aspects	
and	how	 these	 technologies	 can	be	 integrated	 to	deliver	
higher	quality	streaming	experiences	to	the	end	user.	The	
essential	hypothesis	is	to	see	if	such	integration	is	possible	
within	 technologies	 available	 as	 of	 today	 and	 to	 assess	
potential	issues	associated	with	the	same.	The	objective	of	
this	 research	 is	 therefore,	 to	 identify	 the	 applicability	 of	
network	based	video	streaming	for	live	screen	mirroring.	In	
general,	the	paper	analyses	related	aspects,	as	mentioned	
above,	in	detail.	
	
The	paper	is	divided	into	3	main	sections	–	literature	review	
–	which	highlights	the	research	and	the	journey	thus	far	in	
above	technologies,	discussion	–	analysis	of	the	contents	of	
the	 literature	 review,	 and	 finally	 the	 conclusion	 –	
concluding	 remarks	 as	 to	 what	 developments	 may	 be	
undertaken	by	future	researchers.	



	
	

II. LITERATURE	REVIEW	
	

A. Video	Transmission	Techniques 
	
Firstly,	 literature	 clearly	 shows	 that	 there	 has	 been	 a	
constant	 interest	 to	 research	 about	 the	 various	 video	
transmission	 techniques	 which	 can	 be	 deployed	 for	
network	 based	 video	 transmission.	 Networks	 function	 in	
layers	 in	 which	 a	 data	 packet	 goes	 through	 a	 stack	 of	
different	 layers	 which	 perform	 distinct	 functions	 to	 the	
data	 packet.	 These	 layers	 include	 both	 hardware	 and	
software.	Therefore,	it	could	be	seen	that	optimisation	for	
video	transmission	could	be	achieved	at	both	a	hardware	
level	and	at	a	software	level.	One	of	the	first	approaches	is	
seen	in	(Cherkassky	et	al.,	2002),	where	the	project	focuses	
on	the	issues	in	wireless	transmission	of	image	and	video	
data	–	video	compression	and	network	prioritization	which	
are	the	key	factors	to	consider	when	making	efficient	use	
of	the	limited	bandwidth.		In	(Shan,	2005),	a	network	layer-
based	 video	 transmission	 technique	 is	 discussed	 which	
uses	equal-sized	radio	link	protocol	(RLP)	packets.		
	
Quite	 an	 extensive	 analysis	 and	 a	 mechanism	 into	
“optimizing”	 video	 streaming	 for	wireless	 transmission	 is	
discussed	 in	 (Lu,	 2009),	 where	 a	 method	 described	 as	
“PROTAR”	 has	 been	 used.	 This	 again	 is	 a	 layer-based	
approach.	A	packet	scheduling	algorithm	for	wireless	video	
streaming	has	been	discussed	in	(Kang	and	Zakhor,	2002),	
which	is	based	on	unequal	deadline	thresholding.	First,	the	
proposed	video	packet	scheduling	algorithm	is	efficient	in	
achieving	 unequal	 loss	 rate	 between	 video	 packets	 with	
different	 importance.	 Second,	 the	 motion-texture	
discrimination	is	more	efficient	for	large	motion	clips	and	
small	 quantization	 step,	 i.e.,	 large	 size	 of	 texture	 fields.	
Though	a	key	assumption	in	developing	this	algorithm	has	
been	fixed	round	trip	time,	it	is	a	safe	assumption	to	make	
in	 today’s	 context	 of	 high	 speed	 networks.	 Wireless	
network	modes	are	analysed	in	depth	in	(Ketkar	et	al.,	n.d.),	
where	they	claim	that	WiMAX	could	be	more	efficient	 to	
transmit	 videos	 over	 networks	 as	 opposed	 to	 Wi-Fi	 and	
ADSL.	 A	 voice	 and	 video	 over	Wireless	 LAN	 technique	 is	
discussed	in	(Iyer	et	al.,	2013)	and	the	results	show	how	a	
WLAN	is	 in	fact	more	efficient	than	using	a	LAN	for	 intra-
organization	communication	of	video	and	voice.	In	(Ramya	
et	 al.,	 2015),	 a	 system	 has	 been	 devised	 to	 act	 as	 a	
framework	 to	 stream	 cloud	 based	 video	 streams	 to	 a	
“CCMN”	–	Cloud-Centric	Media	Network.	This	is	capable	of	
a	multi-screen	 application	but	what	 it	 does	 it	 telecasting	
“one	screen”	to	many	other	screens	and	not	vice	versa.		
	
Another	popular	protocol	proposed	for	video	transmission	
is	 Transmission	 Control	 Protocol.	 TCP	 is	 widely	 used	 by	
commercial	video	streaming	systems.	When	a	packet	has	
not	arrived	by	its	playback	time,	a	typical	practice	in	these	
commercial	 systems	 is	 that	 the	 client	 simply	 “stops	 and	

waits”	 for	 this	 packet,	 and	 then	 resumes	 playback.	 This	
stop-and-wait	 playout	 strategy	 is	 easy	 to	 implement.	
However,	 stopping	 playout	 due	 to	 late	 packet	 arrivals	
renders	 the	 viewing	 experience	 unsatisfactory.	 A	
continuous	 playout	 strategy,	 i.e.,	 continuing	 playout	
regardless	 of	 late	 packet	 arrivals,	 also	 leads	 to	
unsatisfactory	 viewing	 experience,	 since	 late	 packet	
arrivals	cause	glitches	in	the	playback.	The	performance	of	
both	 the	 stop-and-wait	 and	 the	 continuous	 playout	
strategies	 therefore	 depends	 on	 the	 frequency	 of	 late	
packet	arrivals	during	the	playback	of	the	video.	In	(Wang	
et	al.,	2003),	where	a	model	 is	proposed	overcome	these	
issues,	discrete-time	Markov	models	have	been	developed	
to	 evaluate	 the	 performance	 of	 live	 and	 stored	 video	
streaming	 using	 TCP.	 Based	 on	 these	models,	 guidelines	
have	been	provided	as	to	“when”	using	TCP	for	streaming	
leads	to	satisfactory	performance.	A	crucial	finding	in	this	
research	has	thus	been	that	the	fraction	of	late	packets	is	
similar	 for	 long	 videos	 in	 constrained	 streaming	 while	 it	
decreases	with	the	video	length	(after	a	short	duration	of	
increasing	 trend	 at	 the	 beginning	 of	 the	 playback)	 in	
unconstrained	streaming.		
	
A	more	recent	development	has	been	the	RTS	(Real	Time	
Streaming)	 Protocol.	 The	 RTSP	 protocol	 is	 based	 on	 the	
HTTP	 protocol,	 and	 is	 commonly	 used	 to	manage	media	
content	streaming.	This	protocol	doesn’t	directly	deal	with	
the	streaming	content,	but	uses	the	RTP	protocol	to	handle	
content	 transmissions.	 (Peltotalo	et	al.,	2010)	discusses	a	
peer-to-peer	streaming	application	using	this	protocol.	The	
effective	 real-time	 P2P	 streaming	 system	 for	 the	 mobile	
environment	 presented	 in	 this	 paper	 is	 an	 alternative	
solution	 to	 traditional	 client-server-based	 streaming	
applications.	 However,	 it	 also	 highlights	 that	 more	
advanced	 laboratory	 tests	 with	 different	 latencies	 and	
throughputs	 between	 peers	 are	 still	 needed	 to	 highlight	
system	bottlenecks	and	usability	issues.		
	
RTMP	(Real-Time	Messaging	Protocol)	is	also	a	widely-used	
protocol	nowadays	for	live	video	transmission.	RTMP	is	the	
Adobe’s	 network	 protocol	 used	 to	 transmit	 audio,	 video	
and	data	between	its	Flash	platforms	(Adobe	Incorporated,	
2011).	RTMP	consists	of	two	important	structures,	namely	
Message	and	Chunk.	RTMP	belongs	to	the	application-level	
protocol,	 and	 usually	 TCP	 is	 accompanied	 with	 it	 as	 the	
transport-level	 protocol.	 The	 basic	 unit	 of	 the	 RTMP	
transmitting	 information	 is	 the	 “Message”.	 During	
transmission,	 for	 consideration	 of	 multiplexing	 and	
packetizing	multimedia	streams,	each	Message	will	be	split	
into	some	“Chunks”	(Lei	et	al.,	2012).			
	
Another	example	of	P2P	(Peer	to	Peer)	streaming	is	seen	in	
(Tran	 et	 al.,	 2003),	 where	 first,	 an	 end-to-end	 transport	
architecture	for	multimedia	streaming	over	the	Internet	is	
presented.	 Second,	 a	 new	 multimedia	 streaming	 TCP-



	
	

friendly	 protocol	 (MSTFP),	 which	 combines	 forward	
estimation	 of	 network	 conditions	 with	 information	
feedback	control	to	optimally	track	the	network	conditions,	
is	discussed.	As	the	said	protocol	is	TCP	based,	it	would	still	
have	 the	 inherent	 issues	 which	 TCP	 communication	 has	
always	had.		
	
In	(Seeling	et	al.,	2004),	a	discussion	is	available	on	how	to	
evaluate	 the	 network	 performance	 for	 single-layer	 and	
two-layer	encoded	video	using	“traces”.	As	(Zhu	and	Girod,	
2007)	 notes,	 in	 network	 video	 transmission,	 cross-layer	
information	 exchange	 is	 required,	 so	 that	 video	 source	
rates	can	adapt	to	the	time-varying	wireless	link	capacities.	
They	note	that	many	problems	remain,	particularly	in	the	
context	of	wireless	mesh	networks	–	for	instance,	it	is	still	
unclear	whether	 the	 stringent	 latency	 constraint	 (usually	
less	than	a	second)	for	video	streaming	can	be	met	when	
packets	need	to	be	delivered	over	multiple	hops	of	time-
varying	 wireless	 links	 in	 a	 mesh	 network.	 Typically,	 the	
wireless	 network	 is	 shared	 by	 both	 video	 streaming	 and	
other	applications	such	as	file	downloading.	The	problem	
remains	 to	 be	 addressed	 as	 how	 to	 optimally	 allocate	
network	 resources	 among	 heterogeneous	 traffic	 types,	
each	 bearing	 a	 different	 performance	 metric	 (e.g.,	
completion	time	for	file	downloading	versus	video	quality	
for	streaming).	For	example,	in	a	case	of	where	a	wireless	
projecting	 device	 is	 connected	 to	 a	 machine,	 there	 is	 a	
possibility	 that	 the	 network	 being	 used	 to	 be	 used	 for	
various	 other	 purposes	 too	 (Zhang	 et	 al.,	 2001),	 while	
broadcasting	the	screen	to	the	projector.	Such	a	situation	
can	surely	 limit	 the	bandwidth	 required	 to	broadcast	 the	
screen	at	a	higher	frame	rate	of	more	than	25-30	fps.	Even	
more	 problematic	 is	 the	 situation	 where	 “many”	 clients	
would	 be	 trying	 to	 connect	 to	 the	 projector	 for	 multi-
screen	 sharing.	 This	 problem	 presents	 a	 totally	 new	
research	problem	of	not	only	having	to	stream	the	videos	
fast,	 but	 also	 having	 to	 combine	 them	 in	 an	 effective	
manner.	Back	in	2001,	as	per	(McCrohon	et	al.,	2001),	it	was	
predicted	that	it	would	be	possible	to	stream	live	lectures,	
“with	 	 expected	 	 future	 	 developments	 	 in	 	 networking	
technology,		the		quality		of		streamed		video		will		soon		be		
of	 	 even	 	 higher	 	 quality	 	 ensuring	 	 video	 streaming	 a	
promising	 role	 in	 the	 delivery	 of	 online	 education.”.	
However,	 even	with	 technologies	 available	 15	 odd	 years	
later,	 it	 is	 still	 doubtful	 if	 a	 “real-time”	 output	 can	 be	
achieved	–	to	transmit	the	video	feeds	of	many	device	and	
combine	them	in	one	device.		
	
Dynamic	 Adaptive	 Streaming	 over	 HTTP	 (DASH)	 (also	
known	as	MPEG-DASH)	is	quite	a	modern	technology	which	
is	 now	used	 for	 high	 quality	 streaming	 of	media	 content	
over	 the	 Internet	delivered	 from	conventional	HTTP	web	
servers.	 Like	 Apple’s	 HTTP	 Live	 Streaming	 (HLS)	 solution,	
MPEG-DASH	 works	 by	 breaking	 the	 content	 into	 a	
sequence	of	small	HTTP-based	file	segments,	each	segment	

containing	a	short	interval	of	playback	time	of	content	that	
is	potentially	many	hours	 in	duration,	such	as	a	movie	or	
the	 live	broadcast	of	 a	 sports	 event.	 This	 is	 probably	 the	
best	solution	that	is	available	for	live	streaming	of	content	
at	the	moment.	The	MPEG	DASH	standard	was	published	
by	the	ISO	in	April	2012	(Andy	Salo,	2012).	
	
A	 comparative	 evaluation	of	most	 of	 these	 techniques	 is	
seen	 in	 (Aloman	 et	 al.,	 2015).	 They	 have	 conducted	 a	
comparative	performance	evaluation	of	MPEG	DASH,	RTSP,	
and	 RTMP	 streaming	 protocols	 over	 4G	 and	 Wi-Fi	 (IEEE	
802.11g/n)	 real	 networks	 in	 terms	 of	 QoE	 (Quality	 of	
Experience),	 tested	both	video	on	demand	and	 live	video	
streaming.	Results	in	this	analysis	has	suggested	that	RTSP	
is	more	 efficient	 than	MPEG	DASH	 for	 starting	 the	 video	
playback,	 but	 at	 the	 expense	 of	 decreasing	 QoE	 due	 to	
packet	 losses.	 In	 addition,	 the	 long	 pre-loading	 time	
interval	 needed	 by	 MPEG	 DASH	 or	 RTMP	 permits	 to	
alleviate	the	impact	of	the	packet	losses	which	take	place	
during	the	transmission,	as	revealed	by	a	lower	number	of	
re-buffering	 events	 for	 these	 two	protocols.	MPEG-DASH	
surely	the	best	available	protocol	currently,	for	streaming	
content	 such	as	TV	series	and	/	or	 live	events.	This	 is	 for	
requirements	that	demand	both	high	quality	and	speed	at	
the	same	time.	However,	this	obviously	requires	a	network	
with	 high	 bandwidth.	 Therefore,	 for	 other	 lesser	 needs,	
specifically	 for	 purposes	 of	 screen	 mirroring	 and	 such,	
RTMP	is	a	lucrative	option.		
	
B. IoT	Based	Embedded	Systems	for	Video	Transmission 
	
Secondly,	we	should	 look	at	the	developments	of	the	 IoT	
sphere	 as	 well.	 Transmitting	 video	 over	 the	 web	 using	
embedded	 devices	 has	 surely	 been	 an	 area	 of	 crucial	
significance	 for	 the	 development	 of	 the	 IoT	 ecosystem.	
Most	of	the	integrations	among	various	technologies	have	
been	possible	due	to	the	rapid	accession	and	research	on	
development	boards	such	as	Raspberry	Pi	and	Arduino.		
	
A	 classic	 integration	 of	 embedded	 systems	 with	 IoT	 and	
image	processing	is	seen	in	(Kulkarni	et	al.,	2014).	Here	a	
surveillance	robot	has	been	developed	which	is	capable	to	
transmit	a	video	stream	over	the	web.	To	be	able	to	do	this	
on	 a	 simple	 chipset	 such	 as	 Arduino,	 clearly	 shows	 that	
complex	 systems	 could	 now	 be	 implemented	 using	
available	technologies.	Image	processing	has	also	become	
more	 viable	 on	 a	 Pi	 as	 it	 contains	 both	 a	 Graphics	
Processing	Unit	(GPU)	along	with	an	internal	memory.	This	
aspect	 has	 been	 explored	 in	 (Ujjainiya	 and	 Chakravarthi,	
2006),where	 the	 system	 is	 used	 to	 detect	 the	 objects	 in	
front	of	a	vehicle	by	using	a	camera	module.	The	camera	
detects	the	picture	and	operation	is	performed	in	OpenCV	
to	detect	the	edges	of	the	detected	picture.	Another	image	
processing	example	is	seen	in	(Manasa	et	al.,	2015),	where	
the	 paper	 proposes	 the	 design	 and	 implementation	 of	



	
	

object	 counting	 algorithm	based	 on	 image	 processing	 by	
using	the	RPi	on	real	time	basis.	RPis	are	also	ideal	for	the	
construction	 of	 surveillance	 systems	 both	 in-house	 and	
remote.	This	is	explored	in	(Chuimurkar	and	Bagdi,	2016),	
where	 a	 video	 stream	 is	 transmitted	 via	 the	 web	 to	 a	
mobile	device.	
	
A	recent	device	which	professes	IoT	capabilities	is	the	Intel®	
Compute	Stick	shown	in	Figure	1	(Pete	Carey,	2015),	which	
came	 to	 the	 market	 as	 late	 as	 2016.	 This	 is	 a	 complete	
computer	in	a	“stick”	with	a	HDMI	port.	This	too,	would	be	
ideal	 for	 streaming	 video	 via	 a	wireless	method,	 but	 the	
only	 drawback	 of	 this	 device	 is	 that	 it	 is	 quite	 costly	
compared	to	the	RPi.	Research	done	using	this	device	is	yet	
to	be	seen	and	as	thus,	the	reliability	and	performance	is	
yet	to	be	assessed.		

	
C. Screen	Mirroring	/	Projection 
	
Nowadays,	 screen	mirroring	 devices	 (McGill	 et	 al.,	 2014)	
have	 been	 built	 by	 integrating	 the	 wireless	 video	
transmission	techniques	discussed	above	and	using	various	
chipsets.	 There	 is	 also	 a	 possibility	where	 projectors	will	
soon	 become	 completely	 wireless,	 minimizing	 the	 many	
practical	restrictions	(not	being	able	to	project	more	than	
one	 screen,	 issues	 setting	 up	 wire	 cords	 etc.)	 that	
traditional	 projectors	 undergo.	 Therefore,	 a	 review	 of	
these	available	devices	is	apt.	
	
We	now	look	at	existing	projectors	out	in	the	market.	The	
existing	projectors	provide	the	basic	functionality	of	where	
one	wired	device	 can	be	projected.	 In	 the	 last	3-4	 years,	
many	projectors,	however,	have	been	developed	with	the	
capabilities	 of	WLAN	 (BenQ,	 n.d.)	 (Epson,	 n.d.),	meaning	
the	projector	can	connect	to	a	client	using	a	wireless	mode.	
A	 few	 of	 these	 are	 in	 fact	 capable	 of	 screen	 sharing	 like	
most	 of	 the	 Epson®	 PowerLite	 versions	 using	 the	 Epson	
iProjection™	 App	 (Epson,	 2015).	 These	 algorithms	 and	

implementations	 are	 proprietary	 and	 allow	 for	 a	 limited	
scope	of	application.		
	
Apart	 from	 these	 commercial	 products,	 there	 is	 little	
literature	available	on	projects	conducted	at	an	academic	
level	relating	to	projectors	itself.	This	is	probably	due	to	the	
nature	of	the	projectors	being	predominantly	a	commercial	
device.	 However,	 a	 couple	 of	 research	 projects	 is	 to	 be	
noted.	 In	 (Chheda	 et	 al.,	 2013),	 a	 Raspberry	 Pi	 has	 been	
used	to	transmit	the	video	feed	from	a	desktop	to	the	Pi.	
The	 mode	 of	 transmission	 is	 Wi-Fi	 and	 this	 could	 be	
identified	 as	 a	 basic	 implementation	 of	media	 streaming	
over	a	network.	No	“enhancing”	procedure	 is	available	 in	
transmitting	 the	 frames	 and	 this	 project	 depicts	 and	
predicts	(in	further	research),	how	the	same	concept	could	
be	 used	 to	 create	 an	 adapter-like	 device	 for	 already	
available	projectors.		
	
When	 considering	 the	 technical	 aspect,	 it	 could	 be	 seen	
that	 there	 are	 many	 projectors	 available	 in	 the	 market	
deploying	one	or	more	of	the	above	technologies	intended	
to	achieve	real-time	wireless	video	transmission.	However,	
most	of	 the	companies	who	have	 involved	 themselves	 in	
developing	projectors	of	this	sort	have	provided	a	profound	
description	 of	 the	 technicalities	 of	 the	 same.	 Leading	
projector	 brands	 such	 as	 BenQ	 (BenQ,	 n.d.),	 Optoma	
(Optoma,	n.d.),	Epson	(Epson,	n.d.),	Panasonic	(Panasonic,	
n.d.)	 and	 Acer	 (Katie	 Scott,	 2008)	 seem	 to	 have	 built	
wireless	projectors	as	of	late.	A	few	of	the	models	offered	
by	 these	 brands	 have	 the	 “multi-screen”	 split	 feature	
(Shown	 in	 Figure	 2).	 Many	 include	 an	 app	 for	 mobile	
devices	 (Android	 and	 iOS),	 and	 come	 equipped	 with	
proprietary	algorithms.	The	NEC	MultiPresenter	Stick	(NEC,	
2016)	is	a	2016	device	with	quite	sophisticated	features	but	
it	still	requires	a	NEC	compatible	projector	to	work	with.		
	

However,	 as	 it	may	 be,	 there	 has	 not	 yet	 been	 a	model	
capable	of	connecting	to	the	internet	to	pull	a	feed	from	a	
device	 not	 located	 in	 the	 current	 location.	 Furthermore,	
almost	all	these	models	use	proprietary	software	meaning	
they	 are	 only	 compatible	 with	 the	 set	 list	 of	 devices	
produced	by	the	manufacturer.	Also,	there	is	no	way	that	a	

Figure	2:	Application	of	screen-split	option	in	a	
wireless	projector	

Figure	1:	Intel	Compute	Stick	features	



	
	

customer	with	a	projector	with	no	wireless	capabilities	can	
enjoy	these	features	unless	s/he	buys	a	new	projector.		
	
D. Online	Collaboration	Tools	
	
Next	 is	 to	 consider	 commercial	 software	 solutions	which	
address	 the	need	of	online	collaboration.	Many	 tools	are	
available	such	as	GoToMeeting	(“GoToMeeting,”	n.d.),		
Skype	 for	 Business	 (Skype,	 n.d.),	 Join.me	 (Join.me,	 n.d.),	
screenleap.com	 (screenleap,	 n.d.)	 and	 so	 forth.	 A	 few	 of	
these	 provide	multi-user	 interaction	 while	 some	 provide	
interfaces	 for	 customized	 viewing	 such	 as	 manipulating	
PDF	 files,	 presentation	 slides	 etc.	 All	 these	 solutions,	
however,	 limit	 their	 usability	 and	 reliability	 on	 the	
availability	 of	 their	 proprietary	 systems.	 A	 summary	 of	
these	systems	is	seen	in	Figure	3:	
	

Figure	3:	Comparison	of	software	solutions	for	screen	sharing		
	
E. Pre-processing	Before	Streaming	
	
Is	 it	also	important	to	look	at	research	that	has	gone	into	
pre-processing	image	frames	before	being	streamed	via	a	
network.	 This	 means	 that	 the	 streams	 received	 by	
whatever	device	(from	clients)	will	undergo	a	stage	of	pre-
processing	 to	 “enhance”	 the	 frames	 received.	 This	 may	
vary	 from	 changing	 basic	 properties	 such	 as	 contrast,	
brightness,	mid-tones	and	so	forth.	This	could	be	achieved	
via	 existing	 graphic	 processing	 libraries	 such	 as	 OpenCV	
(open	 source	 -	 (“OpenCV	 library,”	 n.d.))	 and	 CUDA	
(proprietary	 -	 (“CUDA	 Zone,”	 2015)).	 Both	 libraries	 are	
quite	powerful	in	their	own	ways.		
	
(Di	Salvo	and	Pino,	2011)	has	highlighted	how	applications	
have	 been	 parallelized	 in	 various	 areas	 using	 CUDA,	 to	
achieve	very	high-performance	in	time	processing	keeping	
the	same	performance	in	terms	of	accuracy.	They	further	
note	 that	 the	main	 portion	 of	 the	 available	 CUDA	 based	
approaches	deal	with	the	parallelization	of	generic	 image	
processing	 operations,	whereas	much	more	work	 should	
be	 done	 in	 the	 biomedical	 and	 video-surveillance	 fields,	
where	 this	 is	mostly	 used.	OpenCV	 on	 the	 other	 hand	 is	
more	prominently	used	for	“detection	purposes”	in	videos.	
This	is	shown	in	many	research	literature	including	(Pulli	et	
al.,	 2012),	 (Shah,	 2014)	 and	 (Farhadi-Niaki	 and	Mehrvar,	
n.d.).		

III. DISCUSSION	
	
The	 methodology	 of	 this	 research	 centres	 around	 the	
performance	 measures	 of	 different	 video	 transmission	
techniques	and	how	each	performs	for	the	purpose	of	live	
screen	mirroring.	Such	factors	include	transmission	speed,	
reliability,	 quality	 of	 decoding,	 platform	 dependability,	
scalability	and	usage	of	image	optimisation	techniques.		
	
Firstly,	 when	 referring	 to	 the	 status	 quo	 of	 video	
transmission	protocols	MPEG-DASH	and	RTMP	seem	to	be	
two	protocols	which	are	in	the	forefront	when	it	comes	to	
real-time	video	transmission.		
	
Another	 concern	 is	 “how”	 the	 video	 frames	 should	 be	
transmitted.	 Should	 they	 be	 transmitted	 as	 “frame	 by	
frame”	or	should	it	be	after	a	pre-compression	technique	
has	been	applied	such	as	after	converting	the	stream	to	a	
format	 like	 “mp4”?	 What	 are	 the	 already	 available	
packages	which	can	do	this?	“FFmpeg”	(“FFmpeg,”	2017)	is	
one	such	strong	open	source	library	available	for	streaming	
audio	/	video	which	supports	both	above	techniques	(Wan	
and	Dai,	 2016).	 This	 easily	 supports	 Linux	 based	 systems	
and	thus	runs	fine	on	embedded	chipsets	discussed	here.	
Furthermore,	 this	 library	 also	 supports	 mobile	 platforms	
such	as	Android.	In	(Fu	et	al.,	2010)	an	Android-based	codec	
application	 is	designed	and	 implemented	using	 Java	with	
FFmpeg.	 Therefore,	 this	 would	 be	 an	 ideal	 solution	 for	
anyone	 planning	 to	 implement	 a	 video	 transmission	
algorithm.	
	
Secondly,	what	is	a	possible	embedded	system	which	can	
be	 optimized	 for	 video	 transmission?	 In	 comparison,	
Arduino	 has	 limited	 support	 for	 video	 streaming.	
ComputeStick	 is	 surely	 a	high-end	option	which	 supports	
video	streaming	but	when	looking	at	other	concerns	such	
as	the	cost	and	cross	platform	capabilities,	the	ideal	chipset	
for	 mini	 scale	 projects,	 specifically	 for	 screen	 mirroring	
concerns	 would	 be	 the	 Raspberry	 Pi.	 Another	 similar	
concern	 is	 what	 methodology	 is	 most	 appropriate	 for	
network	connectivity.	For	this,	the	most	intuitive	solution	
would	be	to	use	the	technology	which	offers	the	“fastest”	
bandwidth.	 However,	 it	 should	 be	 noted	 that	 video	
transmission	does	not	solely	depend	on	the	speed	of	 the	
network,	 but	 rather	 on	 concerns	 of	 priority	 accorded	 to	
video	packets.	WiMAX	+	LTE	technologies	warrant	the	most	
optimized	 connectivity	 (Iyer	 et	 al.,	 2013)	 for	 video	
streaming.		
	
Thirdly,	when	looking	at	the	aspect	of	screen	mirroring,	as	
discussed,	most	projectors	are	now	becoming	wireless.	It	is	
a	matter	of	time	for	all	our	devices	to	come	void	of	HDMI	/	
VGA	ports.	More	academic	research	should	be	undertaken	
in	 this	 area,	 though,	 to	 ensure	 that	 the	 most	 optimized	
methods	of	screen	mirroring	maybe	identified	and	studies	
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done,	as	opposed	to	comparing	commercial	solutions,	due	
to	 the	 restrictions	 posed	 via	 proprietary	 algorithms.	
Further	research	should	look	at	extending	its	functionality	
to	 intelligently	 analyse	 the	 video	 streams	 received	 and	
provide	 some	 basic	 image	 corrections	 (Sukthankar	 and	
Mullin,	2000)	before	it	is	broadcast.		
	

IV.	CONCLUSION	
 
This	paper	discussed,	at	length,	the	various	advancements	
in	the	fields	of	wireless	video	transmission	techniques,	IoT	
and	 embedded	 systems	 which	 can	 facilitate	 such	
techniques,	 screen	mirroring	 techniques	and	various	pre-
processing	 that	 can	 be	 done	 to	 livestreams	 using	 image	
processing	 algorithms.	 Though	 one	 may	 claim	 these	 are	
distinct	research	areas,	that	is	not	the	case	in	reality.	Many	
real-world	 applications	 are	 being	 modelled	 using	 these	
aspects.	The	development	of	chipsets	has	now	allowed	a	
massive	 level	 of	 data	 manipulation,	 graphics	 data	
processing	and	storage	abilities.	It	is	important	that	these	
chipsets	 are	 used	 to	 achieve	 their	 true	 potential	 by	
researchers	and	it	could	be	said	that	much	has	been	already	
done.	 However	 as	 mentioned,	 there	 is	 room	 for	
improvement	in	integrating	all	these	technologies	to	build	
useful	embedded	systems	for	day-today	use.	Such	research	
need	to	be	undertaken	with	the	constant	thought	in	mind	
that	the	limitation	of	network	bandwidth	should	not	hinder	
the	performance	and	speed	of	the	streams	being	broadcast	
over	a	network.			
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