
1

Chapter 12: A survey on routing 
techniques in underwater wireless 

sensor networks

Department of Computer Science
and Information Engineering

National Taipei University



Outline

 Abstract
 Introduction
 Background 
 Comparison between terrestrial and underwater wireless sensor 

networks 
 Routing protocols for UWSNs 
 Conclusion

2



Abstract

 Underwater Wireless Sensor Networks(UWSNs) are finding different 
applications for offshore exploration and  ocean monitoring.

 The sensor nodes located at the sea bed cannot communicate directly 
with the nodes near the surface level; they require multi-hop 
communication assisted by appropriate routing scheme.

 Significant attention has been given to construct a reliable scheme, 
and many routing protocols have been proposed in order to provide an 
efficient route discovery between the sources and the sink. 

 The main purpose of this study is to address the issues like data 
forwarding, deployment and localization in UWSNs under different 
conditions.
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Introduction

 With the increasing role of ocean in human life, discovering these 
largely unexplored areas has gained more importance during the last 
decades.

 The current research in UWSNs aims to meet the  criterion by 
introducing new design concepts, developing or improving existing 
protocols and building new applications.
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Introduction(cont.)

 In such circumstances, the routing protocols should be able to 
determine the node locations without any prior knowledge of the 
network.

 Not only this, the network also should be capable of reconfiguring itself 
with dynamic conditions in order to provide an efficient communication 
environment.

 Moreover, a significant issue in selecting a system is establishing a 
relation between the communication range and data rate with the 
specific conditions.
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Background 

1. Basics of acoustic communications 

2. Deployment and network architecture

3. Localization

4. Reliability
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Basics of acoustic communications

 Although we have a couple of more options in the form of 
electromagnetic and optical waves, but underwater characteristics and 
sensor communication requirements have ruled them out.

 electromagnetic wave
 It has a very limited communication range at high frequencies  due to high 

attenuation and absorption effect
 optical link

 Due to its short range (less than 5m) is not good enough for distributed 
network structure

 A precise positioning is required for narrow beam optical transmitters.
 when the water is not so clean (like shallow water )is not considered as a 

good choice for long distance underwater communications.
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Basics of acoustic communications(cont.)
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 acoustic signal
 It provides the facility of omnidirectional transmission and distributed 

channel access with acceptable signal attenuation.

 Although the speed of sound is assumed to be constant in most of the 
situations, but actually it depends on water properties like temperature, 
salinity, and pressure.

 However, the speed of sound increases with the increase in any of these 
factors including temperature, depth, and practical salinity unit (PSU).



Deployment and network architecture

 two-dimensional
 Sensor nodes are anchored at the bottom where these can be organized in 

different clusters and are interconnected with one or multiple underwater 
gateways by means of acoustic links.

 The underwater gateways are responsible for relaying data from ocean 
bottom to surface sink. 

 three-dimensional architecture
 sensor nodes float at different depth levels covering the entire volume 

region being monitored. 
 These nodes are attached with the surface buoys by means of wires and 

their lengths can be regulated in order to adjust the depth of the sensor 
nodes.

 They have used a purely geometric based approach to determine the 
required number of sensor nodes in order to cover the whole monitoring 
area. 
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Localization

 In some applications, sensed data become meaningless without time 
and location information. 

 Localization is essential for data labeling while some time critical 
applications require timely information. 

 It assumes that all the sensor nodes are equipped with pressure
sensor in order to provide depth position or z-coordinate information.
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Reliability 

 For underwater environments, reliable delivery of sensed data to the 
surface sink is a challenging task as compared to forwarding the 
collected data to the control center.

 In terrestrial sensor networks, multiple paths and packet redundancy 
are exploited in order to increase the reliability. 

 For underwater sensor networks, many authors are also proposing 
schemes based on packet redundancy , but  for resource constraint 
underwater environments, techniques like this are not easily affordable.

 acknowledgments and retransmissions provide reliability by recovering 
lost data packets; however these efforts result in additional traffic and 
large end-to-end delays.
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Comparison between terrestrial and underwater 
wireless sensor networks 
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Comparison between terrestrial and underwater 
wireless sensor networks (Cont.)
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Routing protocols for UWSNs 
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Vector based forwarding (VBF) 

 Problem:
 Continuous node movements require frequent maintenance and recovery 

of routing paths, which can be even more expensive in 3d volume.
 Assumption:

 It is assumed that every node already knows its location, and each packet 
carries the location of all the nodes involved including the source, 
forwarding nodes, and final destination.

 Data packets are forwarded along redundant and interleaved paths from 
the source to sink, which helps handle the problem of packet losses and 
node failures.

 Solution:
 the idea of a vector like a virtual routing pipe is proposed and all the 

packets are forwarded through this pipe from the source to the destination. 
 Using this idea, not only the network traffic can be reduced significantly but 

also the dynamic topology can be managed easily. 
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Vector based forwarding (VBF) (cont.)

Drawback:
if nodes are much sparsely deployed or become sparser due to some 
movements 

VBF is very sensitive about the routing pipe radius threshold, and this 
threshold can affect the routing performance significantly.

some nodes along the routing pipe are used again and again in order to 
forward the data packets from sources to the destination, which can 
exhaust their battery power.
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Hop-by-Hop Vector-Based Forwarding (HH-VBF)

 In order to increase the robustness and overcome these problems

 It defines per hop virtual pipe for each forwarder. 

 Every intermediate node makes decision about the pipe direction 
based on its current location.

 HH-VBF significantly produces better results for packet delivery ratio, 
especially in sparse areas compared to VBF.

 It has inherent problem of routing pipe radius threshold, which can 
affect its performance.

 Due to its hop-by-hop nature, HH-VBF produces much more signaling 
overhead compared to VBF 
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Focused beam routing (FBR) 

 Problem:
 Without any prior location information of nodes, a large number of 

broadcast queries can burden the network, which may result in reducing 
the overall expected throughput.

 In order to reduce such unnecessary flooding

 Assumption :
 Their routing technique assumes that every node in the network has its 

own location information, and every source node knows about the location 
of the final destination.

18



Focused beam routing (FBR) (cont.)
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Focused beam routing (FBR) (cont.)

 Drawback:
 if nodes become sparse due to water movements, then it is possible that no 

node will lie within that forwarding cone of angle.

 it might be possible that some nodes, which are available as candidates for 
the next hop, exist outside this forwarding area.

 when it is unable to find the next relay node within this transmitting cone, it 
needs to rebroadcast the RTS every time, which ultimately increases the 
communication overhead, consequently affecting data deliveries in those 
sparse areas. 

 it assumes that the sink is fixed and its location is already known, which 
also reduces the flexibility of the network. 
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Energy-Efficient Routing Protocol (EUROP)

 Problem:
 Underwater sensor nodes are battery powered and these batteries      

cannot be replaced easily
 They tried to reduce large amount of energy consumption by reducing 

broadcast hello messages.

 The depth of the sensor node can be regulated by adjusting the length 
of wire that connects the sensor to the anchor.

 The sink on the surface can communicate only with the sensors that 
belong to shallow water.

 The sensor nodes use RREQ and RREP packets to communicate with 
each other, and the next hop can be determined by the rule of from 
deep to shallow and so on. 
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Energy-Efficient Routing Protocol (EUROP)(cont.)

 In terms of communication as many control packets are eliminated by 
introducing depth sensor inside the sensor node.

 Installing the depth sensor and electronic module is not a simple 
decision because cost per node will increase and the additional 
devices will burden the critical node energy, hence decreasing the life 
of the sensor node. 
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Directional Flooding-Based Routing(DFR)

 Problem:
 Dynamic conditions and high packet loss degrade reliability, which results 

in more retransmissions. 
 There is no guarantee about the data delivery, especially when a link is 

error prone. 
 In order to increase the reliability 

 Assumption:
 It is assumed that every node knows about its location, the location of one-

hop neighbors, and the final destination.
 Solution:

 Limited number of sensor nodes takes part in this process for a specific 
packet in order to prevent flooding over the whole network, and forwarding 
nodes are decided according to the link quality.

 DFR addresses the void problem by allowing at least one node to 
participate in the data forwarding process. 
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Directional Flooding-Based Routing(DFR)(cont.)
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Directional Flooding-Based Routing(DFR)(cont.)

 Drawback:
 More and more nodes will join the flooding of the same data packet, which 

ultimately increases the consumption of critical network resources.

 when the sending node cannot find a next hop closer to the sink, the void 
problem would still be encountered as no mechanism is available 
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Sector-based Routing with Destination Location 
Prediction (SBR-DLP) 
 Problem:

 Most of them assume that the destination is fixed and its location is already 
known  (Improvements)

 It helps route a data packet in a fully mobile underwater acoustic network.
 Assumption:

 it is assumed that every node knows its own location information and pre-
planned movement of destination nodes. 

 It will try to find its next hop by broadcasting a  Chk_Ngb packet:
1. current position
2. packet ID

 The nodes that meet this condition will reply to Source by sending a 
Chk_Ngb_Reply  packet 
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Sector-based Routing with Destination Location 
Prediction (SBR-DLP) (cont.)
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Sector-based Routing with Destination Location 
Prediction (SBR-DLP) (cont.)
 Benefits:

 This solves the problem of having multiple nodes acting as relay nodes.

 Drawback:
 this assumption has two issues:
1. it reduces the flexibility of the network.

2. it is important to note that water currents can deviate the destination node 
from its scheduled movements.
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Multipath virtual sink architecture 

 Problem:
 Sufficient robustness and redundancy must be available in the network  in 

order to ensure that it will continue to work even when a significant portion 
of the network is not working properly.

 In the proposed architecture, the whole network is divided into clusters 
of sensor nodes where each cluster has either one or multiple local 
aggregation points.

 These aggregation points will form a small mesh network that connects 
to local sinks 

 Assumption:
 Here it is assumed that local sinks are connected via high speed links, 

possibly RF communications to a network where resources are more than 
sufficient in order to fulfill the communication needs of different 
applications.
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Multipath virtual sink architecture (cont.)
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Multipath virtual sink architecture (cont.)

 Goal:
 It is to ensure that data packets are received at any one or more of these 

local sinks, which collectively form a virtual sink.

 Benefits:
 reliability is improved as duplicate packets are delivered towards multiple 

sinks through multiple paths. 

 Drawback:
 the problem of redundant transmission exists, which can consume critical 

underwater resources. 
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Hop-by-Hop Dynamic Addressing Based Routing (H2-
DAB) 
 The purpose of H2-DAB is to solve the problem of continuous node 

movements.

 Dynamic addresses are used for sensor nodes in order to solve the 
problem of water currents, so that sensor nodes will get new addresses 
according to their new positions at different depth intervals.

 multiple surface buoys are used to collect the data at the surface and 
some nodes are anchored at the bottom.

 H2-DAB has many advantages:
 it does not require any specialized hardware
 no dimensional location information required
 node movements can be handled easily without maintaining complex 

routing tables.
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Hop-by-Hop Dynamic Addressing Based Routing (H2-
DAB) (cont.)
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Hop-by-Hop Dynamic Addressing Based Routing (H2-
DAB) (cont.)
Drawback:
The problem of multi-hop routing still exists as it is based on multi-hop 
architecture, where nodes near the sinks drain more energy because they 
are used more frequently. 
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Distributed Underwater Clustering Scheme (DUCS)

 Energy efficiency is a major concern for UWSNs because sensor 
nodes have batteries of limited power

 The whole network is divided into clusters using a distributed algorithm. 

 Sensor nodes are organized into local clusters where one node is 
selected as a cluster head for each.

 All the remaining nodes (non- cluster heads) transmit the data packets 
to the respective cluster heads

 After receiving the data packets from all the cluster members, cluster 
head performs signal processing function like aggregation on the 
received data, and transmits them towards the sink using multi-hop 
routing through other cluster heads
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Distributed Underwater Clustering Scheme (DUCS) 
(cont.)
 The selection of cluster head is completed through a randomized 

rotation among different nodes within a cluster in order to avoid fast 
draining of the battery.

 DUCS completes its operation in two rounds
 The first round is called setup, where network is divided into clusters
 The second round, which is called network operation, transfer of data 

packets is completed.

 DUCS not only achieves high packet delivery ratio, but also 
considerably reduces the network overhead and continues to increase 
throughput consequently.
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Distributed Underwater Clustering Scheme 
(DUCS)(cont.)
 First, node movements due to water currents can affect the structure of 

clusters, which consequently decreases the cluster life.

 Frequent division of sectors can be a burden on the network as the 
setup phase is repeated many times.

 Second, during the network operation phase, a cluster head can 
transmit its collected data towards another cluster head only.

 Water currents can move two cluster head nodes away, where they 
cannot communicate directly even a few non-cluster head nodes are 
available between them.
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Conclusion

 In summary, it is not possible to conclude that any particular routing 
technique is the best for all scenarios as each of them has some 
definite strengths and weaknesses, and suitability for specific 
situations.

 The field of underwater sensor networks is rapidly growing, and still 
there are many challenges that need to be explored.
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Classification of UWSN protocols according to their 
proficiency
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Comparison of routing protocols based on their 
characteristics
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Comparison of routing protocols based on their 
characteristics(cont.)
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Homework #12:
1. What’s Sector-based Routing with Destination Location Prediction and 

describe it benefit ?

2. What’s protocol Hop-by-Hop Dynamic Addressing Based Routing (H2-
DAB) and describe drawback ?
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