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Abstract. A major challenge for designing a dissemination protocol for 
Wireless Sensor Networks (WSNs) is energy efficiency. Recently, researchers 
have studied this issue, and SPMS, a representative protocol, outperforms the 
well-known protocol SPIN. One of the characteristics of SPMS uses the 
shortest path to minimize energy consumption. However, since it repeatedly 
uses the same shortest path, maximizing network lifetime is impossible, 
although it reduces the energy consumption. In this paper, we propose a 
Hierarchical data dissemination protocol using Probability-based clustering, 
called HiProc. It guarantees energy-efficient data transmission and maximizes 
network lifetime. HiProc solves the network lifetime problem by a novel 
probability function, which is related to the residual energy and the distance to a 
neighbor. The simulation results show that HiProc guarantees energy-efficient 
transmission and moreover increases the network lifetime by approximately 
78% than that of SPMS. 
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1   Introduction 

In a Wireless Sensor Network (WSN) environments, the sensor node performs not 
only data transmission but also relay of data. When some sensor nodes become 
energy-exhausted, the whole network lifetime may be reduced. Hence, an efficient 
low power consumption design is very important not only for the network protocol, 
but also for the operating system, middleware, and security [1]. Data dissemination is 
a fundamental feature of a WSN, since thousands of sensor nodes may collect, 
exchange, and transmit data [2]. Flooding and Sensor Protocols for Information via 
Negotiation (SPIN) [3], two well-known proactive schemes, have been employed for 
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data dissemination. First, in Flooding, each node retransmits the received data from 
all its neighbors. This is a very simple and primitive protocol. It rapidly disseminates 
the data; however, it quickly wastes energy when a data implosion occurs [4][5]. 
Second, SPIN solves this issue by exchanging information and negotiating at each 
node. Even if SPIN exchanges high-level data descriptors called metadata to prevent 
the duplication of data, there is still another energy problem. That is, it transmits all 
data at the same power level and thus does not consider the distance to a neighbor. 
Therefore, SPIN is incapable of energy-efficient transmission.  

Recently, Khanna, et al. proposed a protocol, called the Shortest Path Minded 
SPIN (SPMS) [6], to minimize the energy consumption using the shortest path and 
multi-hop to reach the destination. In order to use the shortest path, each node 
executes the Bellman-Ford algorithm within its zone, which is defined as the area a 
node can reach by transmitting at its maximum power level [7]. Thus, SPMS has to 
maintain a routing table. It can waste minimum energy since it uses the shortest path. 
However, since specific nodes in the shortest path would be used repeatedly, the 
network lifetime may decrease. Moreover, once a node failure occurs, parts of the 
network might not be able to use the shortest path anymore. 

In this paper, we propose a Hierarchical data dissemination protocol using 
Probability-based clustering, called the HiProc, which definitely guarantees an 
energy-efficient data transmission and strongly increases the network lifetime when 
the sensing data is disseminated throughout the entire network. For transmitting data, 
HiProc avoids the network lifetime problem of SPMS by selecting a path according to 
its two attributes. The first attribute is the residual energy for each node. HiProc 
selects a node that has a high energy level in order to prevent a certain node from 
being selected repeatedly. The second attribute is the considering transmission 
distance between nodes. It has to guarantee more efficient energy consumption. 

The remainder of this paper is organized as follows. Section 2 explains previous 
dissemination protocols. Section 3 presents details of the proposed protocol. Section 4 
evaluates our proposal and finally, Section 5 concludes this paper. 

2   Previous Work 

Traditionally, with proactive dissemination protocols, the source node distributes the 
sensed data through the entire network. Flooding and SPIN, two well-known 
proactive schemes, have been previously employed for data dissemination. In 
Flooding, this protocol need not have a special scheme to disseminate the sensed data. 
The data are continuously sent to neighbor nodes until it reaches maximum-hop or 
destination. Flooding is easy to implement but has some problems. Since a node 
transmits data to its neighbors irrespective of whether or not the neighbor already has 
the data in Flooding, SPIN is proposed to solve the data duplication problem. To 
overcome this problem, nodes negotiate with their neighbors before transmitting the 
data in SPIN, therefore it guarantees that only needed data will be transmitted. SPIN 
uses metadata, which describes the information to negotiate successfully. The strength 
of SPIN is simplicity. Nodes make an uncomplicated decision whenever data is 
received, so it wastes little energy due to computation. Furthermore, an advertising 
message is very light as compared to the sensing data, SPIN is able to distribute 50% 
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more data per unit energy than Flooding [3]. However, when SPIN transmits data at 
the same power level, it does not consider the distance to a neighbor. Since the energy 
consumption generally increases exponentially with the distance, SPIN is incapable of 
energy-efficient transmission. 

SPMS employs the metadata concept used in SPIN and uses a multi-hop model for 
data transmission to avoid the exponential increase in energy consumption with 
distance [8]. However, for multi-hop routing, the next hop should be known before 
transmitting data. It is infeasible to maintain a routing table for each node, since 
sensor networks comprise thousands of nodes. Thus, SPMS maintains a routing table 
for a zone, which is defined as the maximum power level of a node, to reduce the cost 
of building the routing table. Each node can build a routing table with the shortest 
path using the Distributed Bellman-Ford (DBF) algorithm. After building the routing 
table, SPMS begins data transmission. SPMS sends data through the shortest path 
except in the case of a node failure. When the predecessor node on the computed 
shortest path fails, current node sends a request message to the node, from which it 
initially received an advertising message instead of using the shortest path. However, 
it may not guarantee energy-efficient transmission when the distance between the 
node that sent the advertising message and the current node is too long. Further, if the 
advertising node fails, there is no way to receive the data. To solve this problem, each 
node in SPMS maintains a Primary Originator Node (PRONE) and a Secondary 
Originator Node (SCONE). PRONE is an energy-efficient source from which data 
can be obtained and SCONE is an alternative node that can be used if PRONE fails. 
As mentioned, SPMS has the mechanism to overcome its weakness because of only 
using the shortest path. However, the network lifetime problem still persists. 

3   The Proposed Dissemination Protocol: HiProc 

3.1   Motivation and Design of HiProc 

Due to weaknesses of previously mentioned proactive protocols, the purposes of the 
proposed protocol in this paper are to guarantee an energy efficient data transmission 
and increase the network lifetime. For energy efficiency, the distance of transmission 
could be considered. For long network lifetime, the energy consumption could be 
distributed evenly by considering the residual energy of each node. SPMS maximizes 
the energy efficiency by transmitting data through the shortest path. However, this 
may result in a specific node being used repeatedly, since the shortest path has already 
been selected. This is inefficient in terms of the network lifetime. Further, SPMS does 
not guarantee maximized energy-efficiency in the case of a node failure, since parts of 
the network cannot use the shortest path anymore. 

In this paper, a clustering scheme is proposed that uses a probability function with 
parameters consisting of the residual energy and the distance to a neighbor. Here, the 
clustering scheme means that some nodes, called the Cluster Heads (CHs), 
disseminate the sensed data. Since each node elects itself to be a CH with the 
probability function, the given appropriate probability function may impact on the 
performance of the clustering scheme. We propose a Hierarchical data dissemination 
protocol using Probability-based clustering, called the HiProc, which definitely 
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guarantees an energy-efficient data transmission and strongly increases the network 
lifetime when the sensed data is disseminated throughout the entire network. First, we 
explain the basic concept of clustering scheme in HiProc. As shown in Fig. 1, the 
source node (src) senses the data and broadcasts the advertising message (ADVold) to 
its neighbor nodes. The node that has received ADVold elects itself to be the CH. The 
src transmits the data only to the CHs and each CH node broadcasts ADVnew to its 
neighbor nodes. If the remaining nodes have received ADVold receive ADVnew, the 
remaining nodes request its CH to receive the data. 
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Fig. 1. The basic concept of cluster-
ing scheme in HiProc 

Fig. 2. The energy metric from Equation (1) according 
to each logarithm base 

Second, we propose a probability function to be used in the HiProc protocol. The 
proposed probability function simultaneously takes into account two properties; the 
level of residual energy and the distance to a neighbor. The energy metric formula is 
as follows. 
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Equation (1) is energy metric function and the value must be between 0 and 1, 
which mean the low and high energy level. Equation (2) is obtained by the condition 
(0,0) and (1,1) from Equation (1). Here, rese  and inie  are defined as the residual 

energy and initial energy, respectively. Fig. 2 shows the graph of Equation (1) 
according to each logarithm base. 
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Equation (3) is a distance metric function. If the distance between two nodes is close 
to the transmission range, then the value is near 1. In Fig. 3, two cases of the elected  
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(a) The elected CHs are located in near 
transmission range 

(b) The elected CHs are located in near the 
nodes sent data 

Fig. 3. Two cases of choosing CH nodes 

 

Fig. 4. The proposed probability function )(NPr  

CH nodes are depicted. There is one relay to send the data in Fig. 3(a), but three relays 
are needed in Fig. 3(b). It means that the unnecessary energy consumption happens in 
mid course of data transmission. 

)1(2)()(
−−

+=
N

ddee ffNPr ωω  (4) 

where, eω , 0≥dω  and 1=+ de ωω . 

Equation (4) is the proposed probability function to be used in HiProc. The 
proposed probability function uses ef  and df  as the main parameters. Each attribute 

can be adjusted by weight factor eω  and dω . )(NPr  is power increasing along with 

the iterative processes N . The power increasing property enables the function having 
the ability to reach 1 within a few iterations as shown in Fig. 4.  

3.2   Operation Overview for HiProc Protocol 

In HiProc, a node may have four possible states. Before describing the proposed 
protocol, we first define the following terms and the detailed pseudo code is as follows. 
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• State of nodes 
• Unclustered Node (UN): A node that has received no message up to now, and 

has no relation with the data. 
• Cluster Head (CH): A node that is elected as a cluster header. 
• Cluster Candidate (CC): A node that has received an advertising message, but 

does not determine its CH. 
• Cluster Member (CM): A node that was CC, has determined its CH, and 

requests the CH to receive the data. 
 

)( de ,ωωHiProc  
01. Data is generated; 
02. The sensing node disseminates the advertising 

message, ADVold, to its neighbor nodes; 
03. 1=N ; 
04. A node that has received the ADVold determines itself 

whether or not it is CH using )(NPr .  

That is, if )()1,0( NPrrandom ≤ , then the node is CH; 
05. If(A node is elected as CH) 
06.  Disseminate the advertising message, ADVnew, 

to its neighbor nodes; 
07.  A node that has received the ADVnew message 

becomes CC; 
08. Else A node becomes UN; 
09. While(1) 
10.  N++ ; 
11.  The UN redetermines itself whether or not it 

is CH using )(NPr  after some waiting time. 
12.  If(A node is elected as CH) 
13.   Disseminate the advertising message, 

ADVnew, to its neighbor nodes; 
14.   A node that has received the ADVnew 

message becomes CC; 
15.  Else A node becomes UN; 
16.  If(All nodes are CH or CC) 
17.   Break; 
18. CC determines its CH by comparing signal strengths 

of the received ADVnew. And CC becomes CM; 
19. CH requests the data from the node sent ADVold; 
20. CM requests the data from its CH; 
 

Fig. 5 shows how CHs are elected and how the sensed data is disseminated. The 
source node (src) first senses the event and broadcasts ADVold to the nodes within its 
transmission range. We assume that the node A is elected as CH in Fig. 5(a). The 
node A also disseminates ADV1

new to its neighbor nodes as shown in dotted line in 
Fig. 5(b). The nodes that have received both ADVold and ADV1

new become CC. If the 
nodes B and C are elected as CH at the next iteration in Fig. 5(c), they also broadcast 
ADV2

new to its neighbor nodes and the nodes that have received both ADVold and 
ADV2

new become CC as well. If all nodes that have received ADVold are CH or CC,  
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Fig. 5. Operation scenario for HiProc  

then each CC determines its CH by comparing signal strengths of the received 
ADVnew and becomes CM. Finally, CH and CM request the data from the src and its 
CH, respectively. Therefore, the sensed data could be shared with all nodes. 

4   Performance Evaluation 

We implemented the proposed HiProc using JAVA to evaluate its performance. The 
main parameters are listed in Table 1. Sensor nodes with m35  transmission range are 
randomly distributed in a network over an area of mm 250250 × . Each node has an 
initial energy level of J5.0 . The control messages – advertising, request – are bytes16  

each, while the sensed data is bytes500 . We use the following energy model [8]. 

2
211  dEt αα +=  (5) 

12α=rE  (6) 

where, tE  and rE  denote the energy consumption for transmitting and receiving a bit 

over a distance d , respectively. Hence, the energy consumption for a relay is tr EE + . 

The energy model has values of 11α , bitnJ /8012 =α  and 2
2 //100 mbitpJ=α .  
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Table 1. Simulation variables 

Network size mm 250250 ×  

Initial energy J5.0  

11α , 12α  bitnJ /80  

2α  2//100 mbitpJ  

ADV, REQ bytes16  
Packet size 

DATA bytes500  

Transmission range m35  

 

  
(a) (b) 

Fig. 6. Average energy consumption for an event per a node 

Here, 11α  is the energy/bit consumed by the transmitter electronics, 2α  is the energy 

dissipated in the transmit op-amp, and 12α  is the energy/bit consumed by the receiver 

electronics. We also set the logarithm base is 10 in Equation (1). 
Fig. 6 shows a graph of each scheme’s average energy consumption according to 

the density. SPIN has the highest energy consumption. SPMS exhibits a better 
performance than SPIN, although its energy consumption increases with density as 
compared to that of HiProc. The energy efficiency enhancement of HiProc is up to 
33% and 13% compared with SPIN and SPMS, respectively. On the other hand, 
HiProc differs with SPIN and SPMS, the energy consumption does not increase 
greatly. Fig. 6(b) illustrates the energy consumption of HiProc for each dω . It is noted 
that the efficiency of the energy consumption increases when dω  is increasing to 1. 

Fig. 7 explains the network lifetime according to the density. Due to HiProc 
distributes a data over the entire network by considering the residual energy, the 
network lifetime might be significantly prolonged rather than the other protocols. 
When eω  is 1 especially, HiProc has the longest network lifetime and the 

enhancement is 71~78% compared with SPMS. Finally, we continuously generate 
400 events. As shown in Fig. 8, the energy distribution of SPIN is very exhaustive; 
however, the energy consumption of HiProc could be distributed evenly.  
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Fig. 7. Network Lifetime 
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Fig. 8. Distribution for energy consumption 

5   Conclusion 

This paper describes proactive protocols, such as Flooding, SPIN, and SPMS for 
WSNs. We proposed a Hierarchical data dissemination protocol using Probability-
based clustering, called the HiProc. HiProc solves the energy consumption and the 
network lifetime problems by a novel probability function, which is related to the 
residual energy and the distance to a neighbor. We have compared SPIN and SPMS 
through simulation experiments and have proved that the performance of HiProc is 
superior to earlier protocols. This proves that HiProc guarantees the energy efficient 
transmission and the longer network lifetime. Furthermore, HiProc provides a more 
flexible dissemination protocol due to it uses two weighted attributes.  
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