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Introduction
Unique Features of UWSNs (underwater sensor networks)

The Earth is a water planet:
• About 2/3 of the Earth is covered by oceans, resulting to a huge 

amount of resources to discover

Many applications
• Ocean sampling networks
• Environmental monitoring
• Undersea explorations
• Disaster prevention 
• Mine reconnaissance
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Introduction 
Unique Features of UWSNs (underwater sensor networks)

An UWSN differs from any ground-based sensor network in the 
following:

Cost

Deployment

Power

Memory
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Introduction
System architecture

Sources transmit packets via sensor nodes to surface station
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Introduction 
Challenges in UWSNs Design

• Limited bandwidth

• High bit error rates and temporary losses of connectivity (shadow 
zones).

• Sensors are prone to failures because of fouling and corrosion.

• Limited battery power. 

• High propagation delay.

• Mobility of nodes.
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Introduction
Routing Protocols

UWSN – Adverse environment - Intermittently Connected Network (ICN) or 
Delay/disruption Tolerant Network (DTN) 

Requirement of routing protocols

• Depth-based routing (DBR)
• Vector-based forwarding (VBF)
• Hop-by-hop vector-based forwarding (HH-VBF)
• Sector Based Routing with Destination Location Prediction (SBR-DLP)
• Focused Beam Routing (FBR)
• Distributed Underwater Clustering Scheme (DUCS)
• Under-Water Diffusion (UWD)
• Multipath Routing



8/48

Routing protocols for UWSNs

Network Architecture
Performance
Drawbacks
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DBR (Depth-based routing)

Based on the depth information of each sensor

No complete dimensional information of location

Manages a dynamic network 

Has good energy efficiency 

Utilizes multiple-sink network
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To deliver a packet:
• The closer to the destination the smaller 
the depth of the forwarding node becomes.

To receive a packet:
• Depth dp retrieval of the previous hop. 
• Depth comparison of the receiving node’s and its previous hop for the 
qualified candidate to forward the packet.

Multiple-sink underwater sensor network architecture 
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DBR Performance

Metrics:
• Packet delivery ratio

• Total energy consumption

• End-to-end delay
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Disadvantage of the DBR

Decreases the delivery ratio by increasing the depth threshold

Not so good performance in sparse networks

• Significant end to end delay

• High total energy consumption
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VBF (Vector-based forwarding)

Each of the sender’s neighbouring nodes determines its candidacy to be 
the next relay node. 

Handles node mobility efficiently 

The location information of each sensor node can be obtained through a 
localization service
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A vector guides the packet from the source to the destination.
Packets are forwarded only by those sensor nodes that are within a range R of the vector. 
The forwarding process of VBF is thought to be a routing pipe (virtual pipe) between the    

source and the destination node. 

Network architecture 

The energy of the network is 
saved because only the nodes 
that come across the forwarding 
path are involved in packet 
routing 
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VBF Performance

Metrics:
• Packet delivery ratio

• Total energy consumption

• End-to-end delay



16/48

Disadvantage of the VBF

• Small data delivery ratio in sparse networks.

• Delivery ratio slightly decreases when nodes are mobile.

• Sensitivity to the routing pipe’s radius.

• Multiple nodes acting as relay nodes.

• High communication time in dense networks. Many nodes involved in 
packet forwarding.
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HH-VBF (Hop-by-hop VBF)
It forms the routing pipe in a hop-by-hop fashion, enhancing the packet 
delivery ratio significantly. 
No use of single virtual pipe. Each node forwards packets based on its 
current location.

• No increase of the pipe radius beyond the transmission range.

• In sparse networks, HH-VBF can find a data delivery path as long as there 
exists one in the network.
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When a node receives a packet, it first holds the packet for some time. 

Each node in the neighbourhood may hear the same packet multiple times.

HH-VBF allows each node overhearing the duplicate packet transmissions to 
control the forwarding of this packet. 

Network architecture 
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HH-VBF Performance

Metrics:
• Success rate

• Energy cost

• Energy tax
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Disadvantage of the HH-VBF

• Large propagation delay

• High energy cost in dense network

• Not efficient enough with node mobility
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SBR-DLP (Sector-Based Routing with Destination 
Location Prediction

A node knows its own location.

It predicts the location of the destination node

It relaxes the need for precise knowledge of the destination’s 
location. 

Better packet delivery ratio when all nodes are mobile
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Network architecture 

The sender determines its next hop using information received from the 
candidate nodes. 

The problem of having multiple nodes acting as relay nodes, is eliminated.

It does not need to rebroadcast the RTS (request to send) every time it 
cannot find a candidate node within its transmitting range.
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SBR-DLP Performance

Metrics:
• Packet delivery ratio (PDR)
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Disadvantage of the SBR-DLP

• Node speed causes disconnections

• Relatively low PDR in sparse networks

• Relatively high energy consumption in dense networks 
where performs best
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FBR (Focused Beam Routing)

Scalable routing technique for multi-hop ad-hoc networks based on 
location information. 

Suitable for networks containing both static and mobile nodes

A source node must be aware of its own location and the location of its 
final destination, but not those of other nodes.
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Network architecture 

•Node A issues a RTS to its neighbours that contains the location of its own 
and of the final destination (B).

• The lowest power level is performed at the initial transaction and increased 
only if required.

• A network of nodes is 
distributed in an arbitrary way 
across an area. 

• Node A transmits to node B.
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FBR Performance

Metrics:
• End-to-end delay

• Number of collisions

• Energy per bit consumption

* sparse network, ** dense network
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Disadvantage of the FBR

• It uses a single transmitting cone that covers only a fraction of 
communication area.

• It  needs to rebroadcast RTS every time it cannot find a 
candidate node within its transmitting cone.

• It lacks of a collision avoidance mechanism. CTS may collide 
easily in dense networks.
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DUCS (Distributed Underwater Clustering Scheme)

An adaptive self organizing protocol that forms clusters. 

It is considered that there are always data to be sent to the sink by the 
underwater sensor nodes and that power control can be used to adjust its 
transmission power. 

Tries to be adapted to the intrinsic properties of underwater environments. 

Uses a continually adjusted timing advance combined with guard time 
values to minimize data loss and maintain communication quality.
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Network architecture 

Nodes are organized into local clusters. One 
node is selected as cluster-head for each cluster.

All data coming from non-cluster head nodes 
are transmitted to their cluster-head via a single 
hop.

Data are received by the cluster-head node and transmitted to the sink (via 
the relays of other cluster-heads) using multi-hop routing.

DUCS incorporates randomized rotation of the cluster-head among the 
sensors to avoid draining the battery of any one underwater sensor in the 
network 
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DUCS Performance

Metrics:
• Packet Delivery Ratio (PDR)
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Disadvantage of the DUCS

As the number of the nodes decrease in the network, a slight 
decrease occurs in the:

• number of data messages

• packet delivery ratio
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UWD (Underwater Diffusion)

Multi-hop routing protocol. 

It minimizes the number of all packet transmissions to avoid possible 
acoustic collisions. 

UWD is best suited for real-time surveillance applications such as 
submarine detection.
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Network architecture 

Depending on whether the sensor node is able to detect an event within a 
time threshold, there are two cases distinguished.

• Detection within T - the source node sends data to the sink via the shortest 
latency path - Immediate Report Protocol (IRP). 

• Event happened after time > T- routing entries are no longer current. A new 
procedure commences - finds the optimal route towards the sink - Delayed 
Report Protocol (DRP). 
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UWD Performance

Metrics:
• Average event delivery delay.

• Distinct-event delivery ratio.

• Average overhead.
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Disadvantage of the UWD

• Not so good performance in dense networks

• It’s not considered to be robust



37/48

Multipath Routing

Energy efficient networks - Overcome long propagation delay and 
adverse link conditions.

Depending on how the routes are selected, there is a strong likelihood 
of contention occurring among nodes that are on different routes but 
close to one another
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Network architecture 

The local sink connections are assumed to be via high speed links, being 
wired to a buoy on the surface equipped with RF communications link or an 
undersea high-speed optical fibre.

The ultimate goal of the underwater network is to ensure that data are 
delivered to one or more of these local sinks which collectively form a virtual 
sink 
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Multipath Routing Performance

No of retransmissionsEnd-to-End delay
Redundancy factorNo of ACKs

PDRTotal No of packets received
Total No of transmissionsTotal No of packets forwarded

Metrics
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Disadvantage of the Multipath Routing

• Connection is established through wire or optical fibre.

• Backup routes created by deploying redundant nodes.

• Contention occurrence among nodes due to redundancy.
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Comparison among routing protocols
DBR & VBF (with the same metrics)
All routing protocols
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DBR vs VBF
Comparing DBR & VBF with the same metrics
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DBR vs VBF
Comparing DBR & VBF with the same metrics
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Comparison among routing protocols

YesYesDense net: Good PDR
Multipath Routing 

Protocol

YesVery goodGoodYesDense net: Good PDRDUCS

Static sink and mobile 
nodesNot so goodGoodNoHigh net size – High average event 

delivery delayUWD

Static and mobile nodesNot so goodGoodYesSparse net: Low energy consumption for 
bigger cone apertureFBR

YesGoodGoodHigh PDR in dense net with high node 
speedSBR-DLP

Not so efficient as VBFGoodGoodSparse net: Low energy costHH-VBF

Efficient & effectiveNot so goodGoodYesSmall and medium node mobility: Good 
PDR, end to end delay, energyVBF

Static sink and mobile 
nodesGoodNot so good

Dense net.: Low end to end delay, high 
PDR & total energy 
consumption

DBR

Mobility supportDense networksSparse networksRobustnessPerformance
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Comparison among routing protocols

YesSpatially diverse pathsYesStatic
Multipath Routing 
Protocol

YesYesFrames are sent to each cluster-headYesDymanicDUCS

NoYesTime threshold within which the sensor node detects an 
eventYesDymanicUWD

Yes
A source node must be aware of its own location and 
the location of its final destination, but not those of 
other nodes

NoBothFBR

Yes
Uses information received from the candidate nodes. 
Each node is aware of its own position, and the 
destination node’s pre-planned movements

YesDymanicSBR-DLP

YesRequires full dimensional infoYesDymanicHH-VBF

YesRequires full dimensional infoYesDymanicVBF

YesLocal depth of each nodeNoDymanicDBR

scalabilitymulti-hopInformation neededRequires full 
localization (Co-
ordinates of source 
and destination 
nodes)

Static –
dynamic
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Conclusions



47/48

Conclusions
Major advantages and disadvantages of routing protocols
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