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Abstract. Underwater acoustic sensor networks (UWASN) is an important tool of human to 
monitor the ocean. However, the existing routing has problem of low packet delivery, the long time 
end to end delay and the redundant packets. A new routing IGDAR is proposed in this article. The 
IGDAR select candidate node that the distance to the sink is minimum, and compose a candidate 
forwarder set. Theoretical analysis verifies the effective of IGDAR. Simulation results show that 
IGDAR increase the packet delivery by 54.3%, reduce the end to end delay and redundant packet by 
2.5% and 12.5%, respectively.  

I. INTRODUCTION  

Underwater Acoustic Sensor Networks (UW-ASNs) consist of devices with sensing, processing, and 
communication capabilities that are random deployed to perform collaborative monitoring tasks in a 
given body of water[1][2]. UW-ASNs are usually used to support applications for oceanographic 
data collection[3], offshore exploration, disaster prevention, assisted navigation[4], distributed 
tactical surveillance, and mine reconnaissance.  

As we know the geographic routing is a hot spot in the UW-ASNs[5]. The main objective of this 
paper is propose a new geographic routing IGDAR to address the low packet delivery, long time end 
to end delay and redundant packet, which is faced by GEDAR and other geographic routings[6]. In 
this article we assumed all nodes dynamic and know the position of the sink node and themselves’.  

The rest of this paper is structured as follows. Section (ІІ) describes are related works of this study, 
Section (ІІІ) provides a detail introduction of IGDAR, Section(ІV) shows the performance of 
IGDAR, Section(V) presents the final results and future work.  

II.   RELATED WORK  

VBF(Vector-Based Forwarding) is the first routing protocol proposed for the underwater sensor 
networks[7]. In VBF routing the path transmission is specified by a vector from a sender to a 
destination, and this vector is located in the center of a pipe routing, the entire nodes in this pipe are 
candidate for packet transmission. When a node receives a packet, it firstly calculates its position, if 
the node determines that it is included in the pipe, it continue transmission of the packet transmission 
otherwise it discard the packet. To saving energy consumption, the selection of eligible node for 
packet forwarding is determinate with a desirableness factor which is defined as : 
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Where p is the projection of A to the routing pipe, d is the distance between the candidate forwarding  
node A and the current forwarding node F.    is the angle between the vector 0FS  and FA , R is the 
transmission range, w is the radius of the route pipe. 
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Figure 1.  VBF routing protocol 
The performance of VBF protocol can be decreased on account of two fundamental problems: the 

sensitivity to the routing pipe’s radius and the second is low delivery ratio in sparse networks. To 
overcome the drawbacks of VBF, the hop by hop VBF (HH-VBF)[8] has been proposed based on 
VBF. In VBF routing protocol just only pipe is created from the source to the sink, however,  in HH-
VBF at each hop a virtual pipe is created, so a hop-by-hop approach is used in the routing operation. 

DBR(Depth-Based Routing)[9]routing is the first underwater sensor network routing protocol that 
uses node depth information to transmission data packets. The basic idea of DBR is to forward data 
packets greedily towards the water surface. During the transmission, the current forward node 
broadcasts the packet. After receiving the packets, if the node’s depth is lower than the forwarder 
then broadcasts the packets, otherwise just discard the packet. 

GEDAR (Geographic and opportunistic routing with Depth Adjustment-based topology control 
for communication Recovery over void regions)[10] GEDAR use the location information of 
neighbor nodes and some known sonobuoys to select a next-hop forwarder set from neighbors to 
continue forwarding the packet until to the destination. To avoid unnecessary transmissions, low 
priority nodes suppress their transmissions whenever they detect that the same packet was sent by a 
high priority node. Through in-depth study, we found that in GEDAR when select the next-hop 
forward from the set of neighbors by the distance multiply the delivery probability may be decrease 
by the distance from the forwarding to the sink nodes. Then we propose the IGDAR (Improved 
GEDAR) routing protocol. 

In the known geographic routings the general problem is the end to end delay and the low packet 
delivery. Then we proposed the IGDAR routing to solve the problem. 

III.  IGDAR ROUTING  

In order to as soon as possible to send packet from the forwarder node to the sink. The IGDAR 
contain the following new mechanism. 

A.  new mechanism of IGDAR 

To decrease the redundant number of packets in the network forwarding： 
1) The first new mechanism: the forwarder node select the node is closer to the sink than the 

forwarder node in the transmission radius, then, make up a forwarder candidate set. The optimal 
node which is select from the set. 

2) The second new mechanism: the forwarder choose the candidate node whose distance to the 
forwarder and the distance to the sink is the minimum among the neighbor nodes. This new method 
can decrease the probability of packet collision, then add its delivery to the sink node. 
3)  the third new mechanism: when the forwarder has select the candidate forwarder set to 
transmission the packet, the forwarder use the nodes ID instead the nodes geographic information, 
to inform the selected nodes,  
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Figure 2. IGDAR routing protocol 

B. the operation of IGDAR  
The IGDAR contain the following operation: 
1) periodic beaconing 
The IGDAR routing use periodic beaconing to update the position message to the underwater 

nodes. In the beacon messages, each sink node embeds a sequence number, its unique ID, and its 
X,Y location, the depth message since the sink node are deployed on the surface and the vertical 
movement is negligible with respect to the horizontal movement. 

2) forwarder candidate set Ci: 
When a node has a packet to send, the node decide the candidate set compose by the nodes that is 

closer to the sink than the forwarder  
3) the next forwarder set Fj: 
For each transmission, the forwarder calculate the candidate node distance to the forwarder and 

the distance to the sink. The small the value, the higher the priority. Each forwarder set starts with 
the greatest priority node in the Ci and is expanded by including the nodes which the distance is less 

than cr2

1
 (the node transmission radius), then each Fj is expanded to included those nodes in Ci that 

has a distance of less than the communication rc for all nodes already in the cluster. After the 
calculation, the forwarder select the highest priority set as the next-hop forwarder set. the rest 
forwarder set  just transmission the packets by order only if the highest priority set fails to 
transmission.  

4)the transmisson process: the node which receive the packet repeat the step 1), 2), 3),  until the 
packet delivery to the sink. 

C. performance analysis 
In the GEDAR and IGDAR routings, from the same resource use different routing to transmission 

the sink. The GEDAR consider the probability at a distance of data, which restrict the forwarder 
select the nearest node to the sink compare with the IGDAR, so when use the two method: 

GEDARIGDAR delayendtoenddelayendtoend ______    (2) 
While use the same time the delivery is: 

            GEDARIGDAR DeliveryDelivery           (3) 

IV. SIMULATION ANALYSIS  

In this part, we simulation the IGDAR routing on OPNET[11] to evaluate the performance of 
IGDAR and the comparison among DBR, GEDAR about the transmission, the end to end delay and 
the redundant packets. 
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TABLE I.  TABLE I. SIMULATION PARAMETERS 

PARAMETERS VALUE
nodes 150~450 

region size  1500m  1500m   
1500m 

data rate 50kbps 
transmission range(rc) 250m 

nodes speed 0.3m/s 
 

A.  Simulation Results 
1) Fig.3 shows the results of packets delivery ratio. 
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Figure 3. packet delivery ratio 

As shown in the Fig.3. We obtain that the packet delivery ratio of IGDAR is more than GEDAR 
at least 54.3%, also is much better than DBR. Because of the IGDAR decrease the time to select the 
next hop, the forwarder can use time to forwarding the packets, avoid the time to retransmission the 
packets by other candidate node. 

2) Fig.4 shows the end to end delay 
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Figure 4. average end to end delay 

As shown in Fig. 4, we know that the end to end delay of IGDAR is lower than GEDAR and 
DBR at least 2.5%, and much better than DBR. This is because the IGDAR routing transmission 
select the optimal node by the closest to the sink node. It proved that the IGDAR performance is 
better than GEDAR. 
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3) Fig.5 show the results of redundant packets 
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Figure 5. average number of redundant packet 

As shown in Fig.5 the number of redundant packets is increase in DBR routing when the network 
density increases, the problem is caused by DBR broadcasts packets. However, in GEDAR and 
IGDAR, the both routings are just select a few of nodes as the candidate nodes to delivery the 
packets. The results show that the IGDAR is save about 12.5% average redundant packets. 

V.   CONCLUSION 

This work proposes a routing based on node geographic information for underwater acoustic 
networks. IGDAR efficiently increase the packet delivery by 54.3%, reduce the end to end delay and 
redundant packet by 2.5% and 12.5%, respectively. So it proved works well.  

As future work, we plan to apply this routing to solve the node void region, and increase the 
network lifetime. 
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