
 

A	RESEARCH	REVIEW:	ROUTING	PROTOCOL	FOR	UNDERWATER	ACOUSTIC	
SENSOR	NETWORKS	

	

1KAVITA	JAKHAR,	2VIJAY	SHARMA,	3KAMLESH	NEHRA	

1M.Tech	Research	Scholar,	Computer	Science,	Rajasthan	Institute	of	Engineering	&	Technology,	Rajasthan,	India,	Email:	
kavitaj54@gmail.com	

2Assistant	Professor,	Computer	Science,	Rajasthan	Institute	of	Engineering	&	Technology,	Rajasthan,	India,	Email:	
vijaymayankmudgal2008@gmail.com	

3M.Tech	Research	Scholar,	Computer	Science,	Kautilya	Institute	of	Technology	&	Engineering,	Rajasthan,	India,	Email:	
kamleshnehra06@gmail.com	

	

ABSTRACT	

Ocean	 bottom	 sensing	 element	 nodes	 is	 used	 for	 oceanographic	 information	 assortment,	 pollution	 observance,	 offshore	
exploration	and	plan	of	action	police	work	applications.	Moreover,	 remote‐controlled	or	Autonomous	Underwater	Vehicles	
(UUVs,	AUVs),	equipped	with	sensors,	can	realize	application	in	exploration	of	natural	subsurface	resources	and	gathering	of	
scientific	 information	 in	 cooperative	 observance	 missions.	 During	 this	 paper,	 discuss	 the	 characteristic	 of	 the	 acoustic	
communication	 and	 difference	 between	 terrestrial	 and	 UW‐ASN.	 Totally	 different	 architectures	 for	 two‐dimensional	 and	
three‐dimensional	underwater	sensing	element	networks	mentioned,	and	also	the	underwater	channel	is	characterized.	And	
also	mentioned	the	types	of	routing	protocol	and	approaches	used	in	underwater	acoustic	sensor	Networks.	

Index	Terms:	UWNs,	UW‐ASNs,	UW‐A	channel,	AUV,	ISI,	RTT	etc.	

	

1.	INTRODUCTION	

In	 21th	 century,	 underwater	 detector	 network	 has	
recently	emerged	as	powerful	 techniques	 for	numerous	
acoustic	 applications	 like	 as	 Oceanographic	 knowledge	
assortment,	 submarine	 chase,	 pollution	 watching,	
disaster	 interference,	 police	 investigation	 applications	
and	 military.	 Though	 UWSNs	 appear	 as	 if	 terrestrial	
WSN	 (wireless	 detector	 network),	 the	 radio	 emission	
deployed	in	terrestrial	detector	networks	don't	seem	to	
be	 fit/desirable	 for	 underwater	 atmosphere.	 Giant	
antennas	 &	 high	 transmission	 power	 is	 need	 for	 radio	
signals	 propagate	 long	 distances	 at	 additional	 low	
frequencies	 (30‐300	 Hz).	 Hence,	 acoustic	 signals	 are	
used	 because	 the	 sanctioning	 communication	 media	 in	
UWSNs.	 However,	 the	 acoustic	 signals	 enforce	 typical	
challenges	on	underwater	communications	as	a	result	of	
node	 quality	 and	 restricted	 resources	 like	 information	
measure	 and	 energy	 of	 mobile	 sensors.	 Associate	 in	
Nursing	 underwater	 acoustic	 channel	 has	 low	
information	measure	and	propagation	delay	5	orders	of	
magnitude	on	top	of	the	radio	channel[1]	[2].	

The	 incomparable	 feature	 of	 the	 underwater	 acoustic	
communication	 channel	 demand	 reliable	 data	
communication	 protocols.	 The	 underwater	 applications	
are	 based	 on	 acoustic	 wireless	 technology,	 which	 can	
transmit	data	over	one	hundred	meters	[3].		

			Underwater	 Sensor	 Networks	 (UWSNs)	 consist	 of	 a	
number	 of	 sensors	 and	 vehicles,	 Autonomous	
Underwater	 Vehicle	 (AUV),	 which	 performs	
collaborative	 monitoring	 tasks	 over	 a	 given	 area.	 In	

underwater	 the	 nodes	 are	 classified	 in	 two	 categories	
these	 are	 sensing	nodes	 and	 aggregate	nodes.	 The	data	
sensed	 by	 sensing	 nodes	 and	 aggregated	 by	 the	
aggregated	node	which	 in	also	called	as	 the	 sink	or	 the	
base	 station	 node.	 The	 power	 management	 is	 another	
major	 challenge	 which	 can	 be	 in	 the	 terms	 of	 battery	
power	and	computation	power.		Data	aggregation	is	one	
of	 the	major	parts	of	 an	efficient	network	as	 it	helps	 in	
clustering	 the	 nodes	 to	 avoid	 the	 collision	 of	 data	
generated	 from	 different	 nodes.	 	 The	 above	 described	
features	 enable	 a	 broad	 range	 of	 applications	 for	
UWSNs[7][10][16]:	

1.1 OCEAN	SAMPLING	NETWORKS	

Networks	 of	 sensors	 and	 AUVs	 (Autonomous	
Underwater	 Vehicles),	 such	 as	 the	 odyssey‐class	 AUVs,	
can	perform	synoptic,	 cooperative	adaptive	sampling	of	
the	3D	coastal	ocean	environment.	

1.2	ENVIRONMENTAL	MONITORING	

UW‐ASN	can	perform	pollution	monitoring	like	chemical,	
biological	and	nuclear	etc.	

1.3	DISTRIBUTED	TACTICAL	SURVEILLANCE	

AUVs	 and	 fixed	 sensors	 can	 collaboratively	 monitor	
areas	 for	 surveillance,	 reconnaissance,	 targeting	 and	
intrusion	detection	systems.	

1.4	DISASTER	PREVENTION	
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Sensor	 networks	 that	 measure	 seismic	 activity	 from	
remote	locations	can	provide	tsunami	warning	to	coastal	
area,	or	study	the	effects	of	seaquakes.	

1.5	ASSISTED	NAVIGATION	

Sensors	 can	 be	 used	 to	 identify	 hazards	 on	 the	 seabed	
and	to	locate	dangerous	rocks	or	shoals.	

2.	 DIFFERENCE	 BETWEEN	 TERRESTRIAL	 AND	
UWSNS	

The	main	difference	between	terrestrial	and	underwater	
sensor	networks	can	be	summarized	as	follows:	

Deployment:	 The	 deployment	 is	 deemed	 to	 be	 more	
sparse	in	underwater	networks.	

Cost:	 Underwater	 sensors	 are	 more	 expensive	 devices	
than	terrestrial	sensors.	

Spatial	Correlation:	While	the	readings	from	terrestrial	
sensors	 are	 often	 correlated,	 this	 is	 more	 unlikely	 to	
happen	 in	 UWNs	 due	 to	 the	 higher	 distance	 among	
sensors	[7].	

Power:	 Higher	 power	 is	 needed	 in	 underwater	
communications	 due	 to	 higher	 distances	 and	 to	 more	
complex	signal	processing	at	the	receivers	[10].	

Table	1:	Comparison	between	terrestrial	and	
underwater	wireless	sensor	networks.	

Terrestrial	 Sensor	
Networks	

Underwater	WSNs	

Most	 application	
requires	 dense	
deployment.	

Sparse	 deployment	 is	
preferred	 to	 cove	 large	
monitored	areas.		

	Nodes	 are	 considered	
moving	in	2D	space	even	
when	 they	are	deployed	
as	 adhoc	 and	 as	 mobile	
sensor	networks	

Nodes	can	move	in	a	3D	
volume	 without	
following	 any	 mobility	
pattern	

Radio	 waves	 are	
available,	 nodes	 can	
communicate	 with	 low	
propagation	 delays	 at	
speed	 of	 light(3	 *10^8	
m/s)	

Acoustic	 waves	 replace	
radio	waves	(at	speed	of	
1.5*10^3	 m/s).	
Communication	speed	is	
decreased	from	speed	of	
light	 to	 speed	 of	 sound,	
result	 's	 in	 high	
propagation	delays	(	five	
orders	of	magnitude)		

Large	 batteries	 can	 be	
used	 and	 replaced	 or	
recharged	 with	 solar	
power.	

Battery	power	is	limited	
and	 usually	 cannot	 be	
easily	 replaced	 or	
recharged	

High	data	rate,	normally	
in	the	order	of	MHz	

Low	data	 rate,	 normally	
in	the	order	of	KHz.		

Automatic	 Repeat	
Request	 (ARQ)	
techniques	 are	 used	 for	
the	 error	 recovery	 and	
packet	loss	detections.	

ARQ	 techniques	 are	
inefficient	 due	 to	 large	
propagation	 delays,	 as	
retransmissions	
incurexcessiove	 latency	
as	 well	 as	 signaling	
overheads.	

Homogenous	network	 is	
common	

Heterogeneous	 network	
is	common	

Forward	 Error	
Correction	 (FEC)	
techniques	 are	 used	 to	
increase	 the	 robustness	
against	errors.		

FEC	 is	 not	 easily	
affordable	 due	 to	
redundant	 bits	 at	
extremely	 small	
bandwidth	 of	 acoustic	
communication	

Increase	number	of	hops	
during	 the	 routing	
process	 low	 energy	
consumption.	

Number	 of	 hops	
depends	on	depth	of	the	
monitoring	 area	
(generally	 4‐7	
hops).High	 energy	
consumption	due	to	long	
distance	 and	 complex	
signal	processing.	

GPS	 waves	 use	 1.5	 GHz	
band.	

Geographical	 routing	 is	
not	 supported	 as	 such	
high	Frequencies	band.	

	

3.	 CHARACTERISTICS	 OF	 ACOUSTIC	
COMMUNICATIONS	

The	 main	 characteristics	 of	 acoustic	 channels	 that	 are	
considered	 as	 challenges	 on	 the	 field	 of	 underwater	
sensor	 networks	 arise	 due	 to	 the	 larger	 propagation	
delay,	 path	 noise,	 multi‐path,	 Doppler	
spread[4,5][7,8][10][15‐17].	All	 these	 factors	determine	
the	 temporal	 and	 spatial	 variability	 of	 the	 acoustic	
channels,	 and	 make	 the	 available	 bandwidth	 of	 the	
underwater	 acoustic	 channels	 limited	 and	 dramatically	
depend	 on	 both	 range	 and	 frequency.	 Underwater	
acoustic	communication	links	can	be	classified	according	
to	 their	 ranges	 as	 very	 long,	 medium,	 short	 and	 very	
short	 links.	Acoustic	 links	 also	 are	 roughly	 classified	 as	
vertical	 and	 horizontal	 consistent	with	 the	 direction	 of	
the	 sound	 ray.	 In	 the	 following	we	 have	 a	 tendency	 to	
analyze	 the	 factors	 that	 influence	 acoustic	
communications	so	as	to	state	the	challenges	display	by	
the	 underwater	 channels	 for	 underwater	 detector	
networking.	These	include:	

3.1	PATH	LOSS	

 Attenuation:	is	principally	angry	by	absorption	as	a	
result	of	conversion	of	acoustic	energy	into	heat	that	
will	 increase	 with	 distance	 and	 frequency.	 It’s	
conjointly	 caused	 by	 scattering	 and	 reverberation,	
refraction,	and	dispersion.	Water	depth	plays	a	key	
role	in	decisive	the	attenuation.	

 Geometric	Spreading:	This	refers	 to	the	spreading	
of	 sound	 energy	 as	 a	 result	 of	 the	 growth	 of	 the	
wave‐fronts.	 It	 will	 increase	 with	 the	 propagation	

Kavita Jakhar et al. 
Volume 3 Issue 5: 2015

Citation: 10.2348/ijset09151330 ISSN (O): 2348-4098 
ISSN (P): 2395-4752

International Journal of Science, Engineering and Technology- www.ijset.in 1331



 

distance	 and	 is	 freelance	 of	 frequency.	 These	 area	
unit	 2	 common	 sorts	 of	 geometric	 spreading:	
Spherical	 (Omni‐directional	 purpose	 source),	 and	
cylindrical	(horizontal	radiation	only).	

3.2	NOISE	

 Man	made	noise:	this	is	often	in	the	main	caused	by	
machinery	 noise	 (Pumps,	 reduction	 gears,	 power	
plants,	 etc.),	 and	 shipping	 activity	 (hull	 fouling,	
animal	life	on	hull,	cavitations).	

 Ambient	 Noise:	 is	 expounded	 to	 fluid	 mechanics	
(movement	 of	 the	 water	 as	 well	 as	 tides,	 currents,	
storms,	 wind,	 rain	 etc.)	 unstable	 and	 biological	
phenomena.	

3.3	MULTI‐PATH	

 Multi‐path	 propagation	 is	 also	 accountable	 for	
severe	 degradation	 of	 the	 acoustic	 communication	
signal,	 since	 it	 generates	 Inter‐Symbol	 Interface	
(ISI).	

 The	 multi‐path	 pure	 mathematics	 depends	 on	 the	
link	configuration.	Vertical	channels	square	measure	
characterized	by	very	little	time	dispersion,	whereas	
horizontal	channels	might	have	very	long	multi‐path	
spreads,	whose	values	depends	on	the	water	depth.		

3.4	HIGH	DELAY	AND	DELAY	VARIANCE	

 The	propagation	speed	within	the	UW‐A	channel	is	5	
orders	of	magnitude	under	within	the	radio	channel.	
This	massive	propagation	delay	 (.67	 s/km)	will	 cut	
back	the	turnout	of	the	system	significantly.	

 The	 terribly	 high	 delay	 variance	 is	 even	 additional	
harmful	 for	 economical	 protocol	 style,	 because	 it	
prevents	 from	 accurately	 estimating	 the	 trip	 time	
(RTT),	key	 live	 for	 several	common	communication	
protocols.	

3.5	DOPPLER	SPREAD		

 The	Doppler	frequency	unfold	are	often	vital	in	UW‐
A	 channels[5],	 inflicting	 a	 degradation	 within	 the	
performance	 of	 digital	 communication:	
transmissions	 at	 a	 high	 rate	 cause	 several	 symbols	
to	 interface	 at	 the	 receiver,	 requiring	 subtle	 signal	
process	 to	 wear	 down	 the	 generated	 international	
intelligence	agency.		

	
4.	COMMUNICATION	ARCHITECTURES	

There	are	several	different	architectures	for	UWSNs	and	
they	depend	on	the	applications.	

4.1	2D	UWSNs	

It	is	mainly	required	for	ocean	bottom	monitoring.	These	
are	constituted	by	sensor	nodes	that	are	anchored	to	the	
bottom	 of	 the	 ocean.	 Typically	 applications	 may	 be	
environmental	monitoring	or	monitoring	of	UW	plates	in	
tectonics	[14].	

	

Figure	1:	2D	Architecture	of	UWSNs	

A	 group	 of	 device	 nodes	 area	 unit	 anchored	 to	 all‐time	
low	of	the	ocean	with	deep	ocean	anchors.	By	means	that	
of	wireless	acoustic	links,	underwater	device	nodes	area	
unit	 interconnected	 to	 at	 least	 one	 or	 additional	
underwater	 sinks	 that	 area	 unit	 network	 devices	
answerable	 of	 relaying	 information	 from	 the	 bottom	
network	to	a	surface	station.	

4.2	3D	UWSNs	

It	 is	 used	 for	 ocean	 column	 monitoring.	 These	 include	
networks	of	sensors	whose	depth	can	be	controlled,	and	
may	be	used	for‐	surveillance	applications	or	monitoring	
of	ocean	phenomena	(Ocean	bio‐geo‐chemical	processes,	
water	streams,	pollution,	etc)	[13].	

	

Figure	1:	3D	Architecture	of	UWSNs	

Many	challenges	arise	with	such	a	design,	that	has	to	be	
resolved	 so	 as	 to	 alter	 3D	watching,	 including:	 Sensing	
coverage	and	communication	coverage.	

4.3	AUTONOMOUS	UNDERWATER	VEHICLE	(AUV)	

These	 networks	 include	 fixed	 portions	 composed	 of	
anchored	 sensors	 and	 mobile	 portions	 constituted	 by	
autonomous	vehicles.	AUVs	can	function	without	tethers,	
cables	 or	 remote	 control,	 and	 thus	 have	 a	multitude	 of	
applications	 in	 oceanography,	 environment	 monitoring	
and	 underwater	 resource	 study	 [13].	 Previous	
experimental	work	has	shown	the	feasibility	of	relatively	
in	 expensive	 AUV	 submarines	 equipped	 with	 multiple	
underwater	sensor	that	can	reach	any	depth	in	the	ocean	
[14].Hence,	 they'll	 be	 accustomed	 enhance	 the	
capabilities	 of	 UWSNs	 in	 some	 ways.	 The	 combination	
Associate	 in	 nursing	 sweetening	 of	 fastened	 detector	
networks	with	AUVs	is	a	nearly	unknown	analysis	space	
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which	needs	new	network	coordination	algorithms,	such	
as:	reconciling	sampling	and	self‐	configuration.	

5.	ROUTING	PROTOCOL	

In	 the	 last	 years	 there	 has	 been	 an	 intensive	 study	 in	
routing	 protocols	 for	 ad	 hoc	 wireless	 networks	 [7].	
However,	due	to	the	different	nature	of	 the	underwater	
environment	 and	 applications,	 there	 are	 several	
drawbacks	with	respect	to	the	situations	of	 the	existing	
solutions	 for	 underwater	 Acoustic	 Networks.	 The	
existing	routing	protocols	are	usually	divided	into	three	
categories,	 namely	 proactive,	 reactive	 and	 geographic	
routing	protocols	[3][6,7][9‐12]:	

5.1	PROACTIVE	PROTOCOLS	

(e.g.	 DSDV,	 OLSR).	 The	 protocols	 tries	 to	 attenuate	 the	
message	 latency	 elicited	 by	 route	 discovery,	 by	
maintaining	 up‐to‐date	 routing	 data	 the	 least	 bit	 times	
from	 every	 node	 to	 each	 different	 node.	 This	 can	 be	
obtained	 by	 broadcasting	 management	 packets	 that	
contain	routing	table	data	(e.g.,	distance	vectors).	These	
protocols	 provoke	 an	 outsized	 sign	 overhead	 to	
ascertain	routes	for	the	primary	time	and	every	time	the	
topology	 is	 changed	 as	 a	 result	 of	 quality	 or	 node	
failures,	 since	 updated	 topology	 data	 needs	 to	 be	
propagated	 to	 all	 or	 any	 the	nodes	within	 the	network.	
This	way,	every	node	is	in	a	position	to	ascertain	a	path	
to	 the	other	node	within	 the	network,	which	 cannot	be	
required	 in	 UW‐ASNs.	 For	 this	 reasons,	 proactive	
protocols	aren't	appropriate	for	underwater	networks.	

5.2 REACTIVE	PROTOCOLS	

(e.g.,	 AODV,	 DSR).	 A	 node	 initiates	 a	 route	 discovery	
method	only	 a	 route	 to	 a	destination	 is	needed.	Once	 a	
route	 has	 been	 established,	 it's	 maintained	 by	 a	 route	
maintenance	 procedure	 till	 it's	 not	 desired.	 These	
protocols	 area	 unit	 additional	 appropriate	 for	 dynamic	
environments	 however	 incur	 a	 better	 latency	 and	 still	
need	source‐initiated	flooding	of	management	packets	to	
ascertain	 methods.	 Thus,	 each	 proactive	 and	 reactive	
protocol	 incurs	 excessive	 sign	overhead	 thanks	 to	 their	
intensive	 reliance	 on	 flooding.	 Reactive	 protocols	 area	
unit	 deemed	 to	 be	 unsuitable	 for	 UW‐ASNs	 as	 they	
conjointly	 cause	 a	 better	 latency	 which	 can	 even	 be	
amplified	 by	 the	 slow	 propagation	 of	 acoustic	 signals	
within	 the	 underwater	 channels.	 Furthermore	 the	
topology	of	UW‐ASNs	is	unlikely	to	terribly	dynamically	
on	a	brief	duration.	
	
5.3	GEOGRAPHICAL	ROUTING	PROTOCOLS	
	
(e.g.	GPSR,	PTKF	[12]).	These	protocols	establish	source‐
destination	 methods	 by	 leverage	 localization	 info,	 i.e.,	
every	node	selects	its	next	hop	supported	the	position	of	
its	 neighbors	 and	 of	 the	 destination	 node	 [9].	 Though	
these	 techniques	 area	 unit	 terribly	 promising.	 It’s	 still	
not	 clear	 however	 correct	 localization	 info	 may	 be	
obtained	 within	 the	 underwater	 surroundings	 with	
restricted	energy	expenditure.	

6.	ROUTING	APPROACHES	[18]	

6.1	CENTRALIZED	ROUTING	APPROACH	

Participating	 nodes	 sense	 information	 initially.	 Then,	
they	 send	 the	 information	 directly	 to	 the	 base	 node.	
Nodes	deployed	deep	 in	 the	ocean	waters	 require	huge	
energy	levels	to	use	this	routing	technique.	The	packets	
do	not	reach	the	base	node	if	there	is	insufficient	energy	
at	the	participating	node.		

6.2	DISTRIBUTED	ROUTING	APPROACH	

Participating	 nodes	 send	 information	 to	 the	 base	 node	
through	 other	 participating	 nodes	 spread	 across	 in	
layered	architecture.	Energy	consumed	in	this	approach	
is	lower	than	what	is	consumed	in	centralized	technique.		

6.3	ALMOST‐RING	ROUTING	APPROACH	

Participating	nodes	send	information	to	its	nearest	node	
which	 in	 turn	 sends	 the	 information	 to	 its	 nearest	
participating	node.	The	penultimate	participating	node	
then	 sends	 the	 information	 to	 the	 base	 node.	 This	
technique	 involves	 efficient	 energy	 consumption	 as	
participating	nodes	send	information	not	to	the	farthest	
node	but	to	their	respective	nearest	node.		

7.	CONCLUSIONS	

In	this	paper,	we	have	a	tendency	to	overview	the	most	
challenges	 for	 economical	 communications	 in	
underwater	 acoustic	 device	 networks.	 We	 have	 a	
tendency	 to	 print	 the	 peculiarities	 of	 the	 underwater	
channel	with	explicit	relevance	networking	solutions	for	
observance	 applications	 of	 the	 ocean	 setting.	 The	 final	
word	 objective	 of	 this	 paper	 is	 to	 encourage	 analysis	
efforts	 to	 get	 down	 elementary	 basis	 for	 the	 event	 of	
recent	 advanced	 communication	 techniques	 for	
economical	underwater	communication	and	networking	
for	 increased	 ocean	 observance	 and	 exploration	
applications.	The	final	word	objective	of	this	paper	is	to	
encourage	 analysis	 efforts	 to	 put	 down	 basis	 for	 the	
event	of	recent	advanced	communication	techniques	for	
economical	underwater	communication	and	networking	
for	 increased	 ocean	 observation	 and	 exploration	
applications.	
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