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Abstract 

Underwater wireless sensor networks (UWSNs) have emerged as one of 

the most popular researched areas in the networking field due to its 

numerous applications in ocean exploration, underwater surveillance and 

pollution detection. Efficient collection and transfer of data between the 

sensor nodes defines the success of these applications. A number of 

advanced routing protocols have been proposed for efficient data 

delivery and reliable routing of data packets between the nodes in 

UWSNs. Communication void is one of the major obstacles preventing 

these routing protocols from achieving the required Quality of Service in 

UWSNs. This problem occurs when the source node is unable to find out 

next forwarder nodes to forward the data packet towards the destination 

node leading to packet loss and frequent retransmissions. The objective 

of this article is to review the most efficient opportunistic techniques 

involved in routing of data packets in UWSNs with communication 

voids. 
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1. INTRODUCTION  

Underwater wireless sensor networks (UWSNs) consist of a group of sensor nodes 

deployed under the ocean to collect data for many applications in ocean exploration, 

underwater surveillance, pollution detection etc. As radio signals do not work well 

due to its quick attenuation in water, acoustic channel is used for communication [1-

2]. All the nodes are equipped with acoustic transceivers to communicate with each 

other. UWSNs differ from the traditional sensor networks in many ways. The sensor 

nodes in traditional sensor networks are more static while the sensor nodes deployed 

under the ocean are dynamic because of ocean currents and sudden changes in the 

ocean. The propagation delay is higher in UWSNs while the data transfer rate is much 

lower compared to traditional sensor networks [3-4]. Due to these special 

characteristics, routing protocols proposed for traditional ad hoc and sensor networks 

[5-7] does not perform well in UWSNs and delivering data from the source to the 

destination sensor nodes has become one of the major issues in underwater sensor 

networks. 

In recent years a number of advanced routing protocols have been proposed for 

efficient data delivery and reliable routing of data packets between the nodes in 

UWSNs [8-9]. Geographic routing protocols [10-11] using location information of the 

nodes and pressure routing protocols [18] using the pressure level information are the 

major categories of protocols proposed for UWSNs. Majority of these protocols use 

opportunistic forwarding mechanism [12-17] in routing the data packet. These 

protocols suffer from communication void [19-21] or communication hole problem 

especially in sparse networks and are unable to provide the required Quality of 

Service to various applications.  Also known as the unreachability problem, this 

occurs when the source node is unable to find out next forwarder nodes to forward the 

data packet towards the destination node leading to packet loss and retransmissions. 

This problem is much prominent in geographic routing protocols using the greedy 

forwarding strategy. This paper reviews the working of the most efficient 

opportunistic techniques proposed to handle the communication voids in UWSNs. 

The paper is organized as follows. Section 2 describes the communication void 

problem in detail. Section 3 discusses the most efficient opportunistic techniques 

proposed to handle the communication voids in UWSNs. Further the issues and 

challenges existing with these methods are discussed. The paper concludes in Section 

4 with new research directions. 

 

2.  COMMUNICATION VOID 

Most of the routing protocols proposed for UWSNs use a simple technique to forward 

the data packets. Each forwarder node forwards the data packet to the neighbor node 

that is nearest to the destination and has maximum positive progress to the destination 
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node. But in some cases the source node may not find any suitable forwarder node 

nearer to the destination to forward the data. Also the source node may suffer from the 

absence of neighboring nodes in its transmission area that are located in the direction 

of the destination. This is called the communication void or routing void or 

communication hole problem. Often this problem is referred as the unreachability 

problem. Figure 1 shows an example of a communication void in UWSN. Here the 

sensor node ‘v’ is unable to find out any neighbor node in the direction of the 

destination node SN2 to forward the data packet. The node ‘v’ is referred as the void 

node.  

 

Figure 1: Communication Void in UWSNs 

 

Communication voids degrades the performance of routing protocols and leads to 

serious data loss in UWSNs. In figure 1, void node ‘v’ is unable to forward the data 

packet intended for the SuperNode2 (SN2) located at the surface due to the 

communication hole in the direction of SN2. Frequent retransmissions, data loss, 

reduced data delivery rate and increased delay in data transmission are the major 

consequences of communication voids in UWSNs. Quality of Service offered by 

many protocols in UWSNs protocols decreases considerably due to their inability in 

handling communication voids in the network. This problem is much worse in sparse 

networks with fewer number of sensor nodes. This issue is also caused due to frequent 

movement of sensor nodes from one place to another resulting from ocean currents 

and sudden changes in the ocean. Next section discusses the most efficient 

opportunistic routing protocols proposed for UWSNs with communication voids. 
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3. VOID HANDLING TECHNIQUES 

3.1 HydroCast [18] 

Geographic routing protocols proposed for UWSNs require the location information 

of nodes in the network. Obtaining location information of neighbor node might result 

in drainage or loss of energy in sensor nodes. Motivated by this problem Uichin Lee 

et al. (2010) presented HydroCast, a hydraulic pressure based routing protocol that 

worked based on the pressure level information. HydroCast protocol worked with a 

simple strategy. Every node used the pressure level information and forwarded the 

incoming data packet to the sensor node with the lowest pressure level among the 

neighbor nodes. A new metric based on the probability of progress to the destination 

was used for candidate selection and prioritization.  

The major advantage offered by HydroCast over all previous pressure based protocols 

was its unique recovery mechanism to handle communication voids in the network. A 

new concept known as the local minimum was introduced by this protocol to counter 

the communication voids. Every node can determine whether it is in its local 

minimum. A node is in local minimum if there is no neighboring node with a lower 

pressure level. HydroCast protocol enables each local minimum node to maintain a 

recovery route to a node whose depth is lower than itself. After one or more path 

segments go through the local minima, a packet can be routed out of the void and can 

switch back to the greedy mode. 

 

3.2 VAPR [22] 

Void Aware Pressure Routing is another latest pressure based routing protocol 

proposed to handle communication voids in UWSNs. The protocol works in two 

stages. It has an initial beaconing stage followed by the opportunistic forwarding 

stage. In the beaconing stage every node in the network broadcast beacon messages 

that include the depth, hop count and direction information of the node into the 

network. Every node that receives the beacon message updates its information and 

rebroadcasts the beacon message with updated information. In the second stage every 

node in the network uses the opportunistic forwarding technique to route the data 

packet from the source to the destination node.  

The unique advantage of VAPR over all previous protocols is that it uses a prevention 

approach rather than a recovery approach in case of communication voids. The VAPR 

algorithm is designed to avoid void nodes in the data forwarding path from the source 

to the destination and thus utilizing only the best forwarder nodes in data transmission 

from the source to the destination nodes. 
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3.3 GEDAR [23] 

GEographic and opportunistic routing with Depth Adjustment-based topology control 

for communication Recovery over void regions (GEDAR) is one of the latest routing 

protocols proposed to achieve good performance in UWSNs. GEDAR protocol 

integrates the concept of geographic routing with opportunistic forwarding 

techniques. The main advantage of GEDAR protocol is the incorporation of a 

recovery phase to handle communication voids in the network. The protocol works in 

opportunistic forwarding mode in normal conditions and switches to recovery mode 

on detecting communication voids in the network. Void node recovery procedure is 

used when the node fails to forward data packets using the location based greedy 

forwarding technique. The unique feature of GEDAR is that it uses node depth 

adjustment technology to move void nodes to new depths to recover from 

communication voids. It does not rely on message-based void node recovery 

procedures. Every node in the network determines whether it is in a communication 

void region by examining the neighbor node information.  If the node is in a void 

region it informs this condition to the neighborhood. It then and waits for the location 

information of two hop nodes in order to decide which new depth it should move into 

and the greedy forwarding strategy can then be resumed. After, the void node 

determines a new depth based on two-hop connectivity such that greedy forwarding 

strategy is resumed. Table 1 summarizes the issues and challenges faced by all the 

three opportunistic forwarding techniques in UWSNs with communication voids. 

 

Table 1: Issues and Challenges Faced by Opportunistic Forwarding Techniques in 

UWSNs 

Void Handling 

Technique 

Year Type Candidate 

Coordination 

Issues and Challenges 

HydroCast [18] 2010 Location 

Based 

Timer 

Controlled 

Energy of the sensor nodes 

are not considered in the 

forwarding strategy. 

Collection and updating of 

depth and delivery 

probability information at 

every node is tedious and 

impractical 

VAPR [22] 2013 Pressure 

Based 

Timer 

Controlled 

Energy drainage caused by 

beacon messages. 
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GEDAR [23] 2014 Location 

Based 

Timer 

Controlled 

Does not consider the 

energy level of the nodes 

during the forwarding 

process. 

Redundant or duplicate 

forwarding at the 

intermediate nodes in the 

network 

 

4.  CONCLUSION 

This research paper analyzed the working of the most efficient opportunistic 

techniques involved in routing of data packets in UWSNs with communication voids. 

Initially we discussed about the communication void problem in UWSNs. We 

discussed the issues caused by these voids in data transfer between the sensor nodes. 

Further the working of three efficient and latest opportunistic forwarding mechanisms 

used to handle communication void in UWSNs were discussed. The advantages 

offered by each of the technique were discussed. The issues and challenges faced by 

each of the techniques was highlighted and discussed. This analysis and study would 

further help in designing many efficient and optimized opportunistic routing protocols 

for the future UWSNs. 
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