
 
 

  

Abstract—To act an appropriate response for intelligent 
system, it is necessary to obtain sufficient information as 
possible. Wireless sensor networks technology is one of possible 
solutions that can provide intelligent system with sensing 
information of specific task. However, a large number of data 
transmissions for a long period of time might cause sensor node 
to lose its functionality. This is because sensor nodes have the 
restriction of energy, computing capability, and communication 
bandwidth. Therefore, data aggregation mechanism is one of 
possible solutions to prolong the life time of sensor nodes. In this 
paper, we present an automatic routing scheme for data 
aggregation using geographic information. Clustering the entire 
interesting field and chaining interesting nodes with “virtual 
link” of which “virtual path” is composed are proposed. The 
simulation results show that the proposed method can effective 
save transmission energy and bandwidth utilization. 

I. INTRODUCTION 
ITH the rapid progress of intelligent system, it is 

convenient for people to improve the quality of life. 
According to the input data that involves useful information, 
intelligent system learns how to act a feasible output. 
However, how to gather useful information and transfer it to 
control center is important. Wireless sensor network is one of 
the technologies that can provide a feasible solution for 
intelligent system.  

Wireless sensor networks integrate the wireless 
communication, sensing and data process modules into a 
small device that is called as sensor node. The wireless 
communication module is convenient to communicate with 
one another any time in any where. Without the restriction of 
wired communication, users can move around in the coverage 
field of wireless signal and keep receiving information via a 
wireless connection. The property of mobility incurs lots of 
services and applications in wireless sensor networks 
improving our daily life such as tour guide [1], car navigation, 
location tracking, emergency rescue [2] and so on. The 
sensing module monitors the specific environment and passes 
sensed data to the data process module to perform a feasible 
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reaction such as packing sensed data, transmission packing 
data, notifying warning message and so on via wireless 
communication module. According to the collaboration of 
these modules, wireless sensor networks can provide a simple, 
fast, and low cost data integration system for intelligent 
system. 

 In recent years, many researchers give lots of effort for 
wireless sensor networks that include the topics of routing, 
power-saving, bandwidth, radio coverage, security 
transmission, data aggregation and so on. Because of the 
design philosophy of wireless sensor networks, sensor node 
has the restriction of size, energy, computing capability and 
communication bandwidth. Therefore, a large number of data 
transmissions for a long period of time will cause sensor node 
to lose its functionality such as energy exhaustion, packet 
collision or congestion. In order to prolong the lifetime and 
capability of sensor nodes, data aggregation methods are 
presented in this paper for the goal of power-saving and 
efficient bandwidth utilization.  

Typically, data aggregation considers the following issues. 
First, related data that is sensed in the neighboring sensor 
nodes should be aggregated as soon as possible and some 
appropriate sensor nodes to perform data aggregation should 
be found. Second, a routing mechanism for appropriate 
aggregate sensor nodes should be well designed. In this paper, 
we use the geographic information of sensor nodes to cluster 
related sensor nodes together for the first issue. The 
geographic information can be obtained in deployment stage 
of sensor nodes or by some existing positioning algorithms [3, 
4, 5]. A concept of “virtual path” is proposed to simplify the 
end-to-end routing for aggregate sensor nodes. The proposed 
method is based on location-centric routing mechanism that 
can be automatic operated when sink node announce sensing 
task to sensor nodes. This is presented for the second issue.   

We aim at the scenario that there are lots of stationary 
sensor nodes in ad hoc mode. All sensor nodes are response 
for forwarding data that is sent from neighboring nodes. If 
sink node announce a trigger message for some specific 
sensor nodes, these specific sensor nodes are called as source 
nodes and they perform the specific task (e.g. sensing 
temperature, pressure, light or others) and forward the sensed 
data to the sink node. Sink node is a special node that sends 
requests to sensor nodes and receives data collected by 
sensors. We can think of sink node as the data collection 
center or the network management center. 

The remainder of this paper is organized as follows. The 
next section summarizes previous efforts in wireless ad hoc 
routing and data aggregation. Section 3 presents a routing 
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mechanism that is suitable for data aggregation in wireless 
sensor networks. Simulation results are presented in Section 
4. Finally, a conclusion is given in Section 5. 

II. RELATED WORKS 
Wireless sensor network is different from traditional wired 

network in routing mechanism. Ad hoc routing mechanism is 
used in wireless sensor network that data will be sent from 
source node to target node via neighboring nodes. That is 
neighboring nodes receives data that from others and relays it 
to another. This is called as ad hoc routing. However, routing 
mechanism for traditional wired network is not suitable for ad 
hoc network, because the router or switch that is responsible 
for data routing is not present. Therefore, ad hoc routing for 
wireless sensor network should be considered.  

In this section, we only mention a popular classical 
wireless routing method, ad hoc on-demand vector (AODV) 
[6, 7] that had become a Request for Comments (RFC) that is 
released by Internet Engineering Task Force (IETF) in July, 
2003. The detail of other wireless routing methods such as 
DSDV [8], DSR [9, 10], and so on are omitted in this paper. 
AODV is a reactive routing protocol. The basic concept is 
that when a necessary routing path occurs, it will be 
established utilizing the Route Requests (RREQs) and Route 
Replies (RREPs) control packets. The method can save 
bandwidth capacity but incur high packet delay. The detail 
operation and frame format of AODV can be found in [7].  

In the research topic of data aggregation, it tries to merge 
relative data and establish a special purpose routing path from 
source to destination for consideration of power-saving, 
bandwidth utilization or others. There are two types of data 
aggregation in general. One is data-centric scheme [11, 12] 
and the other is location-centric [13, 14, 15, 16] scheme.  

In data-centric scheme, routing path was established by 
designated data that is sensed by source nodes. Typical 
data-centric scheme is directed diffusion method [11]. Every 
link of adjacent nodes establishes a gradient toward each 
other. The routing path is created by minimizing the gradient 
that specifies both a data rate of communication link and a 
direction in which to send events. In [12], a hierarchical 
aggregation technique was proposed that enhance the directed 
diffusion method.  

In location-centric scheme, routing path was established by 
geographic information of nodes. The Low-Energy Adaptive 
Clustering Hierarchy (LEACH) [13] method utilizes 
cluster-based approach that is formed by geographic 
information to perform energy-efficient routing protocol. In 
[14] and [15], they presented an enhanced LEACH scheme to 
reduce power consumption. Location-aided flooding (LAF) 
scheme [16] uses node identifications to identify nodes, sends 
control packet that including node list, and divides monitored 
area into virtual grids to achieve energy saving by reducing 
redundant transmissions link. 

Because of the fast progress of micro-electro-mechanical 
systems (MEMS) technology and wireless communications, 
it is possible to develop a powerful sensor node with Global 

Positioning System (GPS) receiver that can provide 
geographic information immediately. Therefore, the research 
of data aggregation using location-centric scheme becomes a 
popular trend. In this paper, we proposed a location-centric 
based data aggregation for wireless sensor networks. 

III. ROUTING SCHEME FOR DATA AGGREGATION 
In this section, we proposed a wireless routing method that 

is based on location-centric scheme for data aggregation. As 
shown in Fig. 1, interesting field is divided into eight triangles 
area T1, T2, …, T7, and T8 by geographic information of sensor 
nodes and sink node S is placed in the center. There are N 
sensor nodes n1, n2, ..., nN in the interesting field. We define 
that ij Tn ∈ , if  nj is located within Ti (e.g. 1921 ∈,...,, Tnnn  ). 

For simply, we assume that all sensor nodes are stationary 
with stable wireless link and the entire interesting field can be 
covered by the union of sensing coverage region of sensor 
nodes. Although, sensor nodes could move around in the 
interesting area for real case, the proposed method can still 
work well with geographic information. This is because that 
the routing scheme from source node to aggregate node (or 
from one to other aggregate node) is modified by AODV in 
this paper. Note that aggregate node is a sensor node that 
collects sensing data from its neighboring nodes and itself. It 
is obvious that AODV is suitable for mobile sensor nodes. For 
flexibility, the proposed method can apply other suitable 
wireless routing method to achieve the routing from source 
node to aggregate node. 

There are two states of sensor nodes: forwarding state and 
sensing state. The state of sensor nodes is transited by 
receiving control message that contains trigger or release 
message. The state transition diagram is shown in Fig. 2. In 
forwarding state, sensor node only forwards received packet. 
If a sensor node receives a control packet (includes trigger 
message) from sink node, the sensing function is triggered 
and the state of sensor node is transferred from forwarding 
state to sensing state. In sensing state, sensor node collects 
and transmits sensed data to sink node via neighboring nodes. 
If sensor node receives forwarding packet in sensing state, it 

Fig. 1. A layout of routing scheme for data aggregation using 
geographic information and virtual links. 
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will aggregate the sensed and received data together and then 
transmit it to the sink node. The state of sensor node defines 
as mi = j for i=1,.., N and j= 0 (forwarding state) or 1 (sensing 
state). After finishing the sensing task, sink node will send a 
release control message to set the specific sensor nodes to 
transfer its state from the sensing state to the forwarding state. 

The proposed routing algorithm is shown in follows. 
Step 1: Initial setup  
(a) The state of all sensor nodes set to the forwarding state. 

 mi=0, for i=1,…,N.  
(b) Sensor nodes that located in triangle area Ti assign to 

cluster Ci. 
},...,1=∀,∈|{= NjTnnC ijji , for i=1, 2, …, 8.  

For example, C1={ n1, n2, n3, n4, n5, n6, n7, n8, n9}. 
Step 2: Sink node transmits control message M to inform 
some specific interesting sensor nodes to trigger their sensing 
function. This message can be transmitted by uni-cast, 
multi-cast or broadcast according to the number of specific 
sensor nodes.  

}∈∧,...,1=|1={: ηnNkmM kk ,  
where η is a set of interesting nodes that will be triggered.  
Step 3: In cluster Ci, a “virtual path” VPi is established from 
far interesting node to near one. Note that the virtual path VPi 
is a routing path that must pass through all interesting nodes 
in cluster Ci according to the distance between two adjacent 
interesting nodes. The topology of virtual path might be a link 
list or tree structure. Each interesting node aggregates the 
sensed and the received data and then transmits it to sink node 
via virtual path.  

)}1(,,|{ ===∧∈∧<∀= lkjilkjnnnnnni mmmTnnnddLVP
ljkjkj

, 

where 
kjnnd  presents the distance between nj and nk. 

kj nnL  

presents the “virtual link” from nj to nk using an existing (such 
as AODV) or novel routing mechanism. Take Fig. 3 for 
example, the virtual link Lij has the physical routing path 
ni→nk1→nk2→nk3→nk4→nj. In Fig. 4, the virtual path VP1 
contains virtual links L25, L65, L58, and L89. 
Step 4:  
(a) For each cluster Ci, find the closest interesting node Ei to 

sink node.  
}∈∧)1==(∧∈,∧<∀|{= SnmmTnnddnE skjikjnnnnji sksj

, 

where ns presents the sink node. (e.g. 91 = nE ) 
(b) Create a virtual link 

si nEL from Ei to sink node and merge 
it to the virtual path VPi.  

}8,...,1=∀|∪{= iLVPVP
sinEii . 

For example, }∪)∪∪∪{(= 9895865251 sLLLLLVP . 
(c) Merge all virtual paths }8,...,1∀, == iVPVP i∪ . 

According the distance between Ei and nj, Step 4 (b) and (c) 
can be improved by selecting shortest virtual link between 
two interesting node in adjacent cluster. Take Fig. 4 for 
example, the virtual link 

81EEL instead of the virtual link SEL
1

. 

Note that in Step 3, we use AODV protocol to achieve 
routing process for each virtual link in this paper. The AODV 
method that we used can be replaced by other routing 
mechanism such as DSDV, DSR, or other novel routing 
methods. The proposed routing mechanism has high 
flexibility to use an existing or novel suitable routing method.  

IV. SIMULATION 
In this section, we evaluate the proposed method by using 

ns2 network simulator [17]. It consists of 100 sensor nodes 
that have 10m transmission range distributed randomly in a 
100m×100m square field. Sink node is placed in the center of 
the area. We consider the situation that 10, 20,…, 90 and 100 
sensor nodes will be triggered by sink node to be source nodes 
and they generate four 512 bits data packet with constant bit 
rate per second. Transmission energy consumption, message 
delivery latency and the number of communication links will 
be considered in our simulation. Assume that the received 
power dissipation is 395mW, the transmitted power 
dissipation is 660mW and the duration of simulation is 100 
second. 

 

 Fig. 2. The state transition diagram of sensor nodes. 

 
Fig. 3. An example of virtual link Lij. 

 Fig. 4. A layout of routing scheme that is merged by shortest virtual 
link between adjacent clusters. 
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 Energy consumption: The communication 
dissipated energy that includes the receiving and 
transmitting process for all sensor nodes is measured. 
In Fig. 5, we can see that the proposed method can 
effectively reduce the energy consumption 
comparing with AODV. In the case of 10, 50 and 100 
source nodes, our method can reduce the energy 
about 25.5W, 178.6W and 433W, respectively. The 
energy consumption of our method in all simulation 
cases is less than 94.1W. According to the simulation 
result, it shows that our method has low energy 
consumption. 

 Latency: Delivery latency measures the time when 
sink node receive the data from all source nodes after 
sensing the interests. This measurement will show 
the total response time of all source nodes. As shown 
in Fig. 6, our method has short latency if the number 
of source nodes is less than 80. In the case of 10, 50 
and 80 source nodes, our method can reduce the 
latency about 4.76 second, 0.2 second and 1.41 
second, respectively. However, in the case of 100 
source nodes, our method is worse than AODV about 
5.58 second. This is because all sensor nodes are 
triggered as source nodes. Each source nodes should 
find a shortest path from one to another to be the 
virtual link. At this time, the virtual link is the same 
as the physical link. The data transmission of inner 
source nodes should wait for the receiving data from 
outer source nodes. Although, a possible solution is 
that inner source nodes transmit their data without 
waiting mechanism. However, this solution will 
increase the number of data transmission and incur 
high power-consumption. The defect will be 
considered and solved in our future work. 

 Number of communication links: The hidden node 
problem of wireless network causes the transmission 
failure. Although this problem can be solved by the 
Requst To Send (RTS) and Clear To Send (CTS) 
control frames. Under this solution, neighboring 
nodes cannot transmit its data if one node starts to 

transmit. The number of communication links 
between two nodes affects the rate of successful 
transmission. Therefore, we measure the 
communication links to show the performance on 
both of the power-consumption and bandwidth 
utilization. In Fig. 7, the number of communication 
links in our method is better than AODV for all cases.  
In the case of 10, 50, and 100 source nodes, our 
method can reduce the number of communication 
links from 52, 254 and 537 to 26, 72, and 100, 
respectively. The simulation result shows that our 
method can effective save transmission energy and 
bandwidth utilization. 

V. CONCLUSION 
We present an automatic routing approach for data 

aggregation in wireless sensor networks. The proposed 
method utilizes the geographic information to divide the 
interesting area into eight clusters. Using the concept of 
virtual path and shortest distance between two adjacent 

Fig. 5. Energy consumption. 

Fig. 6. Delivery latency 

Fig. 7. Communication links 
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source nodes, the proposed method provides a routing path 
for data aggregation. For consideration of system flexibility, 
the proposed method can apply other suitable wireless routing 
method to achieve the routing of virtual link. With 
combination of virtual links, we can find a virtual path for 
data aggregation. This is a simple, modular, low bandwidth 
utilization and energy-efficient scheme that is suitable for 
wireless sensor networks to be applied in intelligent system.  

The following directions might be interesting for possible 
future work: 

 Find a novel routing mechanism for virtual link to 
improve the routing efficiency that includes the 
effect of power-saving and bandwidth utilization. 

 Develop a distributed self-clustering mechanism 
without the assistant of geographical information. 

 Investigate an optimization of virtual path according 
to the establishment of virtual links. 
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