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Abstract. For data gathering in wireless sensor networks, sensors extract useful 

information from environment; this information has to be routed through several 

intermediate nodes to reach the destination. How information can effectively 

disseminate to the destination is one of the most important tasks in sensor networks. 

Problem arises when intermediate nodes fail to forward incoming packets. Due to 

limited power and slow processor in each node, algorithms of sensor networks must 

be designed carefully. Directed Diffusion (DD) is a typical data-centric algorithm 

which has been used to provide efficient data transmission. We enhance this 

algorithm based on nodes' credit by using five factors. Simulation results show that 

our proposed algorithm is more energy efficient and reliable than DD and has the 

ability of traffic load distribution. 
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1 Introduction 

A sensor network is a group of wireless nodes randomly distributed in a region. In most 

data gathering applications, information produced by one or more sources usually has to 

be routed through several intermediate nodes; these wireless nodes have the ability of 

packet forwarding, i.e. relaying incoming packets to one of its neighbor nodes. Problem 

arises when intermediate nodes fail to forward incoming packets. Sensor nodes have many 

failure modes. Each failure decreases the performance of data gathering procedure. Our 

approach is designed by considering that nodes maybe not available during the 

dissemination procedure. Directed Diffusion [1] is a routing mechanism for data gathering 

in which data consumer (sink)search for the data sources by sending interest packets and 
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find the best route to receive the data. Many researches have been done to meet specific 

need of wireless sensor network applications [6, 8, 11, 12]. 

Yu et al. [9] discussed the use of geographical information while disseminating queries 

to appropriate regions. The protocol, called Geographical and Energy Aware Routing 

(GEAR), uses energy aware and geographically-informed neighbor selection heuristics to 

route packets towards the destination region. By doing this, GEAR can conserve more 

energy than Directed Diffusion. Each node in GEAR keeps a cost. The cost is a 

combination of residual energy and distance to destination. Raicu et al. proposed E3D 

diffusion (Energy-efficient Distributed Dynamic Diffusion routing algorithm) in [13], in 

which each node keeps a list of neighbors and chooses the next hop neighbor based on the 

location information, power and load towards the base station. In this scheme, when a 

receiver’s queue is full, or its power is lower than the sender’s power or when it is below a 

threshold, it will tell its sender to stop forwarding packets. 

HDA [2] (hierarchical data aggregation) is proposed for enhancing DD.In HDA, nodes 

between the sink and the source are arranged in different levels (i.e. hierarchy).packets are 

only transmitted between two nodes in neighboring level. This new feature can save 

energy significantly. 

In this paper, a new reliable and energy efficient DD algorithm is introduced.    

The rest of the paper is organized as follows. In section 2 we briefly review the original 

directed diffusion algorithm and its limitations. Section 3 presents our algorithm in 

details. Simulation based performance studies are conducted in section 4.Finally; we 

conclude our work in section 5. 

2 Review: Directed Diffusion 

In this section, we first review the original directed diffusion in brief, and then point 

out its limitations. 

2.1 Basic scheme 

Directed Diffusion [1] consists of three phases: a) interest propagation, b) Initial 

gradients setup, and c) Data delivery reinforced path as shown in Fig. 1. Sink node send 

out its query whenever it wants to obtain some information from sensor nodes. This query 

is carried by interest packet. When a node receives an interest packet, the packet is cached 

and broadcast to other neighbors to ensure every node in the network will receive it. 

Propagation of interest packets also setup the gradient in the network for delivering data 

to the sink. Gradient is a reply link to a neighbor form which the interest was received. 

When a node matches an interest, it generates a sample sensed data, which is called 

exploratory data and sends individually to the neighbors from which the gradient 
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established before. As these exploratory data reach the sink from some neighbors, several 

paths are established between sink and source. 

 

                                                                                                                 
 

                                              (a)                                                    (b)   

                                          

                                                                    (c) 

Fig. 1.  Directed Diffusion. (a) Interest Propagation. (b) Initial gradients setup. (c) Data 

delivery reinforced path. 

 

The sink reinforces one of these paths by increasing the data rate in the interest packet. 

Usually this path is the one which has the least delay. Eventually only one path remains 

while other paths are torn down. Finally the real data will send from the source, following 

the selected path. 

2.2 limitations 

When the sink starts selecting one particular neighbor in order to reinforce the path, it 

chooses the neighbor from whom it first received the latest event matching the interest. In 

this  way, each node/sink has limited information about its neighbors to choose them, for 

example a node can only know which neighbor is nearest with it based on the sequence of 

interest it receives, without considering the neighbor queue is full or not, energy level and 

neighbor ability to transmit the data to the base station. This will result in some limitations 

in term of the amount of traffic generated and hence energy inefficiency. Moreover, if 
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there are multiple sources and one sink, the sink only selects the path based on which 

neighbor send back exploratory data sooner [2].So in- network aggregation will not 

effectively be done. If the   selected   node   covers   more sources, in network aggregation 

can do more effectively as shown in Fig. 2 [2]. 

     

 

 

 

 
 

 

 

 

 

 

 

  

                                                            Fig.2. inefficient data aggregation 

3 The proposed algorithm 

Unlike location centric algorithm each sensor node in Directed Diffusion needs not to 

know its position information, all its decisions about data transmission are based on its 

knowledge about the neighbor nodes. The main reason of limitations mentioned, is that 

this knowledge of nodes about their neighbors is insufficient. Each node chooses that 

neighbor from whom it first received the last event matching the interest, without 

considering other parameters, such as energy level, traffic load and neighbor ability to 

aggregate data more efficiently. To solve such problems, we enhance this knowledge 

based on credit of nodes. Computation of nodes’ credit is done by using five factors; at 

each node. This credit is computed according to Eq.1.Each node selects one of its 

neighbors which have a higher credit. 
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Each of the parameters of above formula has specific coefficient (�) that is amount 

between [0,1].Different alternatives have been considered for finding the best value of 

coefficients in order to provide desired result. 

The first parameter (Vs) is the number of successful or unsuccessful transmission and 

how nodes succeeded to deliver packets in the past. A low amount of this parameter of a 

node means that the node failed to route message in the past. This parameter is increased 

with each successfully routed packet and decrease with each failing in routing packets. 

The second parameter (VE) is the residual energy in candidate node’s battery. Eq.2 is 

used for calculating this parameter. This parameter has an important effect on increasing 

the network lifetime. 
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The third parameter (VB) is traffic load at each node (Figure 3).This parameter is 

computed according to Eq.3 
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Fig.3. .Scheme of traffic load in buffer 

 

If there would be high traffic load in candidate node end to end delay will increase in 

sink node, in addition this high traffic load will cause more spending energy in candidate 

node.  

The forth parameter (VR) is the distance of candidate node to destination (sink). 

Interest message of sink node is able to count and record the number of hops that passes 

through it. This allows nodes to discover the neighbor with minimum number of hops to 

the sink. 

The fifth factor (VC) is how many sources can cover by each node. When the 

exploratory data pass through a node the node will record such source ID’s. The number 

of these sources ID represents how many sources are covered by this node. This factor let 

us to do better in-network aggregation and as a result increasing lifetime of network. 
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Each node computes its credit based on these factors according to Eq.1. In our 

proposal, there is also an additional field in the exploratory data that identifies nodes 

credit. Since each node has computed the credit, it utilizes exploratory message to inform 

its neighbor about its own credit, by adding a field in the message to denote it. After each 

neighbor receives this credit, it will record it. When the sink receives the exploratory data, 

it will respond with the reinforcement message. Since each node has recorded its 

neighbor’s credit, selects higher credit between them. So the sink will select the best path 

according to this credit to the source. Once a source receives the reinforcement message, 

it sends out the actual data. 

4   Performance evaluation 

In this section, we compare our proposed algorithm with Directed Diffusion. we 

implement algorithm in NS-2 simulator and use the following model for our simulation 

study. 

− The number of nodes which are distributed randomly over a rectangular area of 

900m×900m is 100. 

− The radio transmission rang R is 50 m. 

− a sensor node’s transmitting, receiving and idle listening power consumption rate are 

0.660W, 0.395W and 0.035W respectively. 

− Initial power is 5000 joules. 

− The size of data packet is 64 byte. 

The value of �1, �2, �3, �4, and �5 are set to 0.2, 0.3, 0.15, 0.25, and 0.1 respectively. 

Three metrics are chosen for evaluating and comparing the performance of our 

algorithm with DD: system lifetime, reliability of path and load distribution. 

System lifetime is used as the measure of energy consumption. The system lifetime is 

the total time which a wireless sensor network experiences. Fig. 4 shows the system 

lifetime in terms of nodes’ failures. As simulation result shows, using suggested policy 

causes to increase system lifetime under variant nodes’ failure. 

Next we analyze our algorithm for finding reliable paths. For this purpose data delivery 

percentage is selected to delegate reliability of paths. Data delivery is defined as the ratio 

of the number of data packets successfully received by the sink to the number of data 

packets send by the data source.   Fig. 5 shows that, as the unreliable nodes increase, DD’s 

performance decreases faster than our proposal. This is because of giving higher priority 

to the reliable nodes in our proposed algorithm. 
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        Fig.4. System lifetime 
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       Fig.5. Reliability 

 

 

Finally, the traffic load distribution on surface of network is one of the metrics of our 

simulation, Fig. 6 shows the simulation result and its ability to distribute traffic load in 

terms of increasing source nodes. 
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Fig.6. Traffic load distribution 

5   Conclusion 

In this paper, a new mechanism is presented for selecting intermediate nodes for 

transferring data. The aim of this paper is making the directed diffusion of data centric 

algorithm of sensor networks in a good order. For this purpose, desired parameters in this 

policy include number of successful or unsuccessful transmissions, number of existence 

processing loads in candidate node, amount of energy in selective node’s battery, location 

and the distance between selective candidate node and destination node (sink) and number 

of sources that candidate node covers. Each of these parameters has specific coefficient 

which has influence on selecting node. Finally, between several candidate nodes, nodes 

with higher preference will choose. The proposed approach is deduced an energy efficient 

and reliable algorithm with supporting traffic load distribution. 
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