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Abstract: In order to optimize the total energy consumption, this paper proposes a routing algorithm based on 
data-aggregation and dual-sinks. The algorithm can cluster nodes within event areas in a distributed manner and 
build a data aggregation tree with good aggregation ratio rooted at the primary sink in the help of a routing 
aggregation center with low control overhead. The aided sink moves to the proximity of nodes with heavier load 
to intercept aggregated data, balancing and decreasing network load further. Algorithm analysis and experiments 
show that the algorithm leads to less control overhead associated with routing construction and maintenance, 
better data aggregation and more balanced load, promoting network performance. Copyright © 2014 IFSA 
Publishing, S. L. 
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1. Introduction 

 

Data transmission is one of the main resources of 
energy consumption in Wireless Sensor Networks 
(WSNs). In-network data aggregation can decrease 
the amount of in-network data transmission 
effectively. Clustering technology [1-3] is convenient 
for data aggregation. How to optimize routing 
structure through the combination of clustering and 
data aggregation is a popular topic in WSNs. 

The optimization of network routing structure 
often equals to finding a Steiner Tree which connects 
all nodes in event areas [4]. Available researches 
show that searching a Steiner Tree connecting all 
nodes in a subset of a graph is an NP-hard problem 
which can be solved approximately only by means of 
heuristic methods [5]. Several algorithms for 

building an approximate Steiner Tree based on 
clusters for event-driven WSNs have been proposed 
recently [6-8], but all of them consume heavy control 
overhead. In practice, if full-aggregation is not 
employed, the nodes transmitting aggregated data 
will bear heavier loads and die prematurely, and the 
network structure will be unstable. Moreover, in 
multi-hop WSNs, the one-hop neighbors around the 
sink must be responsible for transmitting aggregated 
data. So, the network lifetime depends on the  
lifetime of those nodes, which is known as “hot  
spot” problem. 

During data collection, moving the sink to the 
proper positions to decrease and balance loads is an 
effective method for solving the “hot spot” problem 
[9-16]. A mobile sink can visit every node in network 
and collect data directly [9-11], while it can also visit 
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some special positions and collect data through 
multi-hop routing structure [12-16]. From the profile 
of routing data, collecting sensed data by a mobile 
sink can be seen as the data interception on routing: 
the mobile sink moves to some paths and  
intercepts data. 

In order to lower control overhead while 
maintaining better data aggregation, reduce the load 
on overlapping paths and relieve the “hot spot” 
problem, we propose a novel routing algorithm based 
on Data-Aggregation and Dual-Sinks (DADS). 
DADS utilizes dual sinks: a primary sink (immobile) 
and an aided sink (mobile). It can cluster nodes 
within event areas in a distributed manner with low 
control overhead, build a data aggregation tree rooted 
at the primary sink with good aggregation ratio, and 
let the aided sink intercept aggregated data by 
moving it to the proximity of nodes with heavier load. 
Algorithm analysis and experiments show that 
DADS leads to lower control overhead for routing 
construction and maintenance, better data 
aggregation and more balanced load distribution, 
which can prolong the network lifetime effectively.  

The rest of this paper is organized as follows. 
Section 2 presents some related works and gives  
our research motivation. Section 3 details our 
algorithm-DADS. Section 4 analyzes DADS  
and shows some experiment results. Section 5 
concludes the paper. 

 
 

2. Related Work 
 
Some typical routing algorithms about data 

aggregation and mobile sink are introduced, and our 
research motivation is also presented here. 

A. Data aggregation based routing algorithms. 
LEACH [1] is one of early clustering algorithms. 

It chooses different p% nodes as cluster heads, gets 
remaining nodes join the clusters according to the 
signal strength, and makes cluster heads send 
aggregated data to the sink directly. DACP [2] is an 
energy-efficient data aggregation protocol based on 
data prediction and clustering. According to the 
predicted data, cluster heads decide when to send 
aggregated data for better data aggregation ratio. 
Jung W. S., et al. [3] proposed a state based 
clustering technique which can promote the data 
aggregation ratio effectively. SPT and CNS [4] are 
typical routing protocols for WSNs. By SPT, any 
node reports data to the sink along the shortest path 
with opportunistic data aggregation. Among the 
nodes detected the event, CNS just chooses the 
nearest one to the sink as the aggregation node. 
DRINA [6] can find an approximate Steiner Tree 
based on clusters with better data aggregation ratio. 
DST [7] can build a routing tree regardless of the 
sequence of events, and decrease the number of 
working nodes according to the requirement of 
correlation. It can overlap paths as much as possible 
to improve data aggregation. 

B. Mobile sink based algorithms. 
Data mule scheme [9] rules that data is cached on 

nodes and a node transmits data to a data mule when 
the mule appears in its vicinity. Data mules unload 
their data when they reach the sink. Wang. Z. M.,  
et al. [10] proposed a linear programming based 
algorithm for mobile sink. It calculates the 
reasonable time for the sink staying at each node in a 
network with nodes deployed regularly. 
Chatzigiannakis I., et al. [11] proposed four mobility 
patterns for the sink: random walk, partial random 
walk, biased random walk and deterministic walk. 
Like data mules, a node transmits its data directly to 
the sink when the sink moves near it. Akkaya K.,  
et al. proposed two algorithms of repositioning 
mobile sink autonomously for non-real-time and real-
time applications respectively [12]. CME [13] makes 
a mobile element move with proper speed along a 
determined path instead of random cruising. The 
nodes nearby the determined path send data to the 
mobile element directly, and other nodes send data 
through routing trees which are rooted at the nodes 
nearby the determined path. MADG [14] sets a 
buffer ring in the sensor field and the sink travels in 
the buffer area to collect data. Rao J., et al. designed 
a modeling framework for characterizing the 
feasibility and impacts of multi-hop packet routing in 
WSNs with mobile sinks [15]. They characterized 
some competing effects and developed a 
methodology for determining the extent of multi-hop 
routing. Konstantopoulos C., et al. proposed a mobile 
sink protocol based on RNs (Rendezvous Nodes), 
aiming to the WSNs for isolate urbans [16]. The 
protocol can form clusters in different size according 
to the distance from the trajectory of the mobile sink, 
and select some proper RNs to cache data for not 
only balancing energy consumption but also avoiding 
data overflow. Shi Y., et al. [17] investigated how to 
find the optimal sink stops and the corresponding 
stay at each stop, and proposed an approximation 
algorithm for this problem.  

C. Research motivation. 
InFRA [7] can cluster nodes within event areas in 

a distributed manner and build an approximate 
Steiner Tree on clusters with good approximation 
ratio. It leads to good data aggregation and can 
improve routing efficiency significantly. However, it 
has the following disadvantages: 

1) The overhead for cluster head election is large. 
2) Each cluster head should flood its information 

throughout the whole network in order to enable all 
nodes to obtain distance information about it. 

3) Full-aggregation is a style that a node produces 
aggregated data with fixed size no matter how much 
data it receives from its neighbors. Under the case of 
non-full-aggregation, the nodes which are 
responsible for transmitting aggregated data bear 
heavier load and suffer premature death leading to 
unstable network structure. In addition, it is through 
one-hop neighbors around the sink that aggregated 
data is transmitted to the sink, so the promotion of 
network performance is severely restricted.  
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For the above shortcomings, we propose a novel 
Data-Aggregation and Dual-Sinks (DADS) based 
routing algorithm. DADS:  

1) Can cluster event nodes in a distributed 
manner and make the shortest paths from clusters to 
the primary sink overlap as soon as possible to gain a 
good data aggregation tree by a simple heuristic 
strategy,  

2) Can move the aided sink to the path with 
heavier load according to the current route structure,  

3) Can complete (1) and (2) with low overhead 
and lead to good network scalability.  

It has better data aggregation ratio with low 
overhead for routing structure building and 
maintaining and can reduce and balance network 
load, relieving the “hot spot” problem and prolonging 
network lifetime. 
 
 

3. Data-Aggregation and Dual-Sinks 
Based Routing Algorithm  

 

The ratio of data aggregation is correlated with 
the correlation among data. The more correlated the 
data is, the less the amount of aggregated data is. In 
event-driven WSNs, if full-aggregation is adopted, 
constructing an energy-efficient routing structure will 
be equal to finding an approximate Steiner Tree. If 
not so, though a routing structure based on an 
approximate Steiner Tree will aggregate data as soon 
as possible, the nodes which are responsible for 
transmitting aggregated data will bear heavier load 
and die prematurely, leading to unstable structure, 
which offsets the benefit brought by data aggregation. 
But no matter how much the data correlation is, the 
total amount of data transmission will be smaller 
often if the data aggregation occurs as soon as 
possible. Our algorithm DADS can make full use of 
data aggregation and avoid the load imbalance due to 
non-full-aggregation. Dual-sinks consist of a primary 
sink (immobile) and an aided sink (mobile). DADS 
builds a data aggregation tree rooted at the primary 
sink based on event clusters with low overhead and 
good data aggregation ratio, and moves the aided 
sink to proper position to intercept aggregated data to 
relieve the imbalance of network load and further 
decrease the amount of data transmission. It consists 
of 5 parts: network initialization, clustering, routing 
update, aided sink moving and data transmission. 

 
 

3.1. Network Initialization 
 

After deploying sensor nodes randomly in the 
monitoring field, a shortest path tree measured by 
hops (we call it hop-tree) is built by the primary sink 
flooding a Hop Configuration Message (HCM). An 
HCM is a 3-tuple as < Type, ID, HTPS >, where 
Type specifies message type-HCM, ID is the identi-
fier of the forwarder, and HTPS (Hop-To-Primary 
Sink) is the number of hops that the HCM has passed. 

The process of hop-tree building is shown in 
Algorithm 1. Initially, the HTPS of primary sink is 0 
and others ∞. Once receiving an HCM, any node 
compares its HTPS with the HTPS in the HCM. If 
there is a shorter path to the primary sink, the node 
will update the relevant information and retransmit 
the HCM, as shown in Lines 3-6. Otherwise, the 
received HCM will be discarded. The time spent on 
network initialization can be estimated according to 
the size of the monitoring area and the node 
communication radius, so each node knows when the 
hop-tree is built completely. 

 
 

Algorithm 1. Hop-Tree Building. 
 

1.The primary sink sends an HCM message out with 
HTPS=0; 
2. For each node u that received an HCM message 
3.    If HTPS (u)> HTPS (HCM)+1  
4.        NH (u)=ID(HCM);   %NH(u) is the next hop of u in 
                                     the whole network routing structure.
5.        HTPS(u) =HTPS(HCM)+1; ID(HCM)=ID(u); HTPS 
(HCM)=HTPS(u); 
6.        u retransmits the HCM message to its neighbors;

 
 

3.2. Clustering 
 
When an event occurs, a cluster based on nodes 

detected the event is formed in a distributed manner. 
Cluster head is responsible for cluster members and 
aggregates intra-cluster data. How to elect a proper 
cluster head is the key process in the clustering phase. 
There are several metrics for head election, such as 
maximum node degree, maximum residual energy, 
minimum node identifier (ID), and etc. For ease of 
comparison, the paper adopts the head election 
metric used by InFRA: the node with the minimum 
ID should be the cluster head. The process of 
clustering is depicted in Algorithm 2. 

In this phase, each node exchanges Detecting 
Messages (DMs) with its neighbors to figure out the 
event detection situation and the candidate cluster 
heads campaign for the formal cluster head by means 
of Cluster-head Announcement messages (CAs). DM 
and CA are 3-tuples as <Type, ID, E_ID> and <Type, 
CH_ID, S_ID> respectively, where Type specifies 
DM/CA message, ID is the identifier of the sender, 
E_ID identifies the event, CH_ID specifies the 
cluster head, and S_ID is the identifier of the CA 
forwarder. Correspondingly, each node holds 4 fields: 
Role (Cluster Head<CH> or Cluster Member<CM>), 
CH_ID1 (the ID of formal cluster head), CH_ID2 
(the ID of temporary cluster head), and NH_C (the 
next hop in cluster). 

On monitoring an event, a node can figure out the 
situation of event monitoring and IDs of its neighbors 
by exchanging DMs. If its ID is the smallest, it will 
become a candidate cluster head. Otherwise, it 
should be cluster member and set its temporary 
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cluster head the neighbor with the smallest ID, as 
shown in Lines 3-7. 

 
 

Algorithm 2. Clustering. 
 

1.  For each node u that has detected the event 
2.      u sends a DM to its neighbors and waits for a proper 
time to receive DMs; 
3.      If ID(u) is smaller than any ID(v)     
% v is a neighbor of u and has detected the same event. 
4.          Role(u)=CH; CH_ID1(u)=ID(u); 
CH_ID2(u)=NULL; 
5.      Else                             
6.          w = the neighbor of u detected the event with the 
smallest ID; 
7.          Role(u)=CM; CH_ID1(u)=NULL; CH_ID2(u)=w; 
8.      If Role(u)==CH 
9.          u calculates the delay of CA according to the 
formula (1) and sets a timer; 
10.         If timeout happens and no CA is received 
11.             u sends its CA out within the event; 
12.         Else 
13.             u drops its CA; 
14.  While u receives a CA 
15.     If CH_ID1(u)==NULL 
16.         If CH_ID2(u)<CH_ID(CA) 
17.             u discards the CA; 
18.         Else 
19.             CH_ID1(u)=CH_ID(CA); 
20.             NH_C(u)=S_ID(CA); 
21.             S_ID(CA)=u; 
22.             u retransmits the CA; 
23.     else  
24.         If CH_ID1(u)>CH_ID(CA) 
25.             Do the same operations as Lines 19-22; 
26.         Else 
27.             u discards the CA; 

 
 

Then, any node whose Role is CH calculates its 
delay according to Formula (1). 

 

( )
max

X
t T

X
τ= − × , (1) 

 

where T is the duration of cluster head election phase, 
τ  is the duration derived from experience within 
which a CA can be transmitted throughout the cluster, 
X is the ID of the node, and Xmax is the maximum ID 
of nodes (X and Xmax can be other parameters). 

By sending CAs with delay calculated by 
Formula (1), the node with the smallest ID becomes 
the cluster head and a intra-cluster routing structure 
is built at the same time, which is detailed in  
Lines 14-27. The purpose of delaying CAs is to make 
candidate cluster heads with smaller IDs send their 
CAs out earlier, decreasing the amount of CA 
transmission originated from candidate cluster heads 
with larger IDs. 
 
 
3.3 Routing Update 

 
Assume each node knows its own location. A 

cluster head should report its information to the 

primary sink when clustering finishes or an event 
ends. The primary sink calculates the geometric 
center based on cluster head positions according to 
formula (2) as Routing Aggregation Center (RAC) 
and sends it out along the hop-tree reversely. 
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where CHSet is the set of cluster heads, Centerx


, 

PrimarySinkx


 and i CHSetx ∈


 are the position of RAC, the 

primary sink and the cluster head respectively. 
After gaining the position information of RAC, 

each node chooses its neighbor which has lower 
HTPS level and smallest distance to RAC as its next 
hop, detailed in Algorithm 3.  

 
 

Algorithm 3. Routing Update. 
 

1.  If an event occurs or finishes 
2.      The cluster head of the event reports its case to the 
primary sink; 
3.      If CHSet ≠ Φ  
4.          The primary sink calculates the Routing Aggrega- 
tion Center (RAC) according to the formula (2) and sends 
it out; 
5.          Each node u finds a neighbor v that satisfies: a) the 
HTPS level is lower than that of u, b) the distance to the 
RAC is the smallest. 
6.          NH(u)=v;     
 
 
3.4. Aided Sink Moving 

 
The aided sink has enough power and large 

memory. The actions related to the aided sink are 
shown in Algorithm 4. After receiving the 
information of RAC, the aided sink moves to the 
RAC. At RAC, if there are no neighbors sending data, 
the aided sink will keep moving along the line from 
the RAC to the primary sink by δ until discovering 
nodes sending data and then move to the geometric 
center of those nodes, which is shown in Lines 3-6. 
The aided sink notifies its neighbors to modify their 
next hops by Data Packet Interception (DPI) message. 
DPI is a 2-tuple as <Type, Position>, where Position 
is the position of the aided sink. When a node 
receives a DPI, it will just modify its NH and NH_C 
(Lines 8-10). 

When an event occurs or ends, the primary sink 
calculates a new RAC and sends it out. Once 
receiving the information of RAC, each node updates 
its route information to form a new routing structure. 
The aided sink repeats the operations described 
above and moves to a proper position to intercept 
information. When there is only one event, the 
position is the location of the cluster head according 
to Formula (2), presenting the best data interception. 
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Algorithm 4. Actions Related to Aided Sink. 
 

% Aided sink moving action 
1.  If a RAC is received 
2.      Move to the position of RAC; 
3.      While no neighbors sending data packets 
4.          Move along L by δ to the primary sink;  
% L is the line connecting the primary sink with the 
aided sink; 
5.      Finding the neighbors sending data packets {vi | 
i=1,2,…,K}; 

6.      Move to the position 
1

K

i
i

p x K
=

=  ; 

% ix


 is the position of iv ;

7.      Send a DPI to its neighbors; 
% Routing update algorithm for the nodes around the 
aided sink 
8.  If node u receives a DPI  
9.      NH(u)=Aided Sink; 
10.    NH_C(u)=Aided Sink; 

 
 

The aided sink sets a memory threshold. If the 
amount of intercepted data exceeds the memory 
threshold, the aided sink should inform its neighbors 
to recover their former next hop and then move to the 
area where it can communicate with the primary sink 
directly. The aided sink unloads its data once it is 
within the communication range of the primary sink. 

 
 

3.5. Data Transmission 
 

The data transmission of DADS includes intra- 
and inter-cluster data transmission. Intra-cluster data 
transmission occurs within a cluster and data is 
transmitted according to NH_C. Inter-cluster data 
transmission is for transmitting data from cluster 
heads to the primary or aided sink with the help of 
NH. Due to the cluster head election based on ID, 
data back propagation might occur. To avoid data 
back propagation, we adopt a role migration strategy 
similar to the one used by InFRA. When such case 
occurs, any related node just updates its NH_C with 
NH and modifies the Role accordingly, and the new 
cluster head notifies its neighbors to modify their 
NH_Cs, making sure that data can be transmitted 
within the cluster and routed out of the cluster 
correctly while avoiding data back propagation.  

In data transmission phase, intra-cluster data is 
aggregated on the cluster head with high aggregation 
ratio, and inter-cluster data aggregation happens on 
the intersection nodes of paths with proper 
aggregation ratio determined by the correlation  
of events. 

 
 

4. Analysis and Experiments 
 
DADS performs well and its improvement over 

InFRA consists of two parts:  
1) it improves the clustering and routing update 

strategies,  

2) it relieves the imbalanced load problem and 
further decreases the energy consumption by the 
aided sink. 

 
 

4.1. Algorithm Analysis 
 

Since DADS is an improved algorithm based on 
InFRA, we analyze DADS compared with InFRA. 

1) The clustering mechanism of DADS  
(DADS_C) leads to lower control overhead 
compared with that of InFRA(InFRA_C) 

Both of InFRA_C and DADS_C are two-stage 
mechanisms. They are different at the second stage. 
Suppose the number of nodes in the event area is NC, 
the number of candidate cluster heads after the first 
stage is NCH, and the average number of neighbors 
within the cluster is NN. For InFRA_C, the amount of 
CAs sent and received is NCNCH and NCNNNCH 
respectively. For DADS_C, because it employs CA 
delay strategy, the amount of CAs sent and received 
is NCNCH and NCNNNCH respectively under the worst 
case and NC and NCNN respectively under the best 
case. The average amount of CAs sent and received 
for DADS_C is (NCH+1)NC/2 and (NCH+1)NCNN/2 
respectively. ∵NCH ∴≥1, (NCH+1) NC/2≤NCNCH and 
(NCH+1)NCNN/2≤NCNNNCH. So, DADS_C gains lower 
control overhead compared with InFRA_C usually. 

2) The routing update mechanism of DADS 
(DADS_R) is more energy-efficient than that of 
InFRA(InFRA_R) as two or more events  
occur concurrently. 

Suppose the total number of nodes is N, the hops 
of the farthest node to the primary sink is D (D<<N), 
the number of concurrent events is NE, the size of 
network is A, and the node communication radius is r. 
Then the average number of neighbors is πr2N/A. For 
InFRA_R, the amount of control packets sent and 
received is NNE and πr2N2NE/A at least respectively. 
The overhead of DADS_R includes cluster 
information report and RAC informing. For cluster 
information report, the amount of control packets 
sent and received is DNE and (D-1)NE at most 
respectively. For RAC informing, the amount of 
control packets sent and received is N and πr2N2/A at 
most respectively. So, the total amount of control 
packets sent and received is DNE+N and  
(D-1)NE+ πr2N2/A at most respectively. For NE≥2 and 
D<<N, we could have DNE+N<NNE. For D<<N, there 
is D-1<<N. Then D-1<2N(1-1/NE) is hold. In order to 
ensure the network connectivity, there should be 
πr2N/A>2. Eventually, (D-1)NE+πr2N2/A<πr2N2NE/A 
is hold. 

In a word, DADS_R is more energy-efficient than 
InFRA_R as two or more events occur concurrently. 

3) In terms of the amount of data transmission, 
DADS is better than InFRA. 

Denote the algorithm which is the simplified 
version of DADS removed the aided sink as DASS 
(Data-Aggregation and Single-Sink based algorithm). 

First, prove the routing structure constructed by 
DASS has good data aggregation ratio. 
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In routing update phase, both InFRA and DASS 
rule that each node should choose the neighbor near 
to the (primary) sink as the next hop. If there are 
several candidates, the node with the minimum sum 
of hops to cluster heads will win under InFRA while 
DASS chooses the node nearest to the RAC as the 
next hop. The route structure performance of DASS 
is similar to that of InFRA. In dense network, the 
number of possible next hops of a node is many. Due 
to strategy, DASS performs less randomly than 
InFRA for a node choosing its next hop, which 
results in greater path overlap. Under high density, 
DASS performs better than InFRA. 

Then, prove DADS performs better than DASS. 
DADS is the advanced version of DASS which is 

in the help of the aided sink. The aided sink moves to 
paths with heavier load and intercepts aggregated 
data. So, the amount of data transmission of DADS is 
less than that of DASS.  

In summary, DADS performs better than InFRA 
in data transmission. 

 
 

4.2. Experiments 
 
First, to show energy efficiency of our clustering 

strategy, DADS_C is compared with InFRA_C. Then, 
to verify the outperformance of our routing update 
strategy clearly, we compare the simplified version 
of DADS that is DASS, with InFRA, SPT and CNS. 
Finally, DADS is compared with DASS. The results 
show the benefit brought by the aided sink, fully 
demonstrating the effectiveness of DADS. 

Suppose each event area is circular, and the 
position, time and duration of an event is random.  
The default experimental parameters are shown  
in Table 1. 

 
 

Table 1. Default Experimental Parameters. 
 

Parameter Value 

Network size 1000 m×1000 m 

# of nodes 5184 

Communication radius 35 m 

Data packet size 4000 bits 

Control packet size 200 bits 

Notification rate 40 s 

Event radius 60 m 

Event duration 
2 h-4 h, 
uniform distribution 

# of simultaneous events 2-4 

Inactivity time 0.5 h 

Network running time 12 h 

Ratio of intra-cluster aggregation Full-aggregation 

Ratio of inter-cluster aggregation 80 % 

Velocity of the aided sink 3 m/s 
 
 

We evaluate the algorithms by the following 
network performance metrics:  

1) CAs Sent/Received (CAs-S/R): The number of 
CAs sent/received in clustering phase. 

2) Data Packets (DPs): The amount of data 
packets transmitted through the whole network. 

3) Data Packets-Primary Sink(DPs-PS): the 
amount of data packets received by the primary sink. 

4) Data Packets-Aided Sink (DPs-AS): the 
amount of data packets received by the aided sink. 

5) Energy Consumption (EC): The total energy 
consumed by the network. 

6) Control Overhead (CO): the amount of control 
packets transmitted for building and maintaining 
network structure. 

7) Routing Efficiency (RE): the ratio of the 
amount of data generated by source nodes to the 
amount of data transmitted throughout the  
whole network. 

8) Average Energy (AE): the average energy con-
sumption of the one-hop neighbors around the 
(primary) sink. 

 
 

4.2.1. Clustering Performance 
 

To illustrate the energy efficiency of DADS_C, 
we compare it with InFRA_C by increasing event 
radius from 40 m to 80 m, counting CAs-S/R. The 
amount of CAs-S/R needed by DADS_C is smaller 
and it increases slowly with increasing event radius, 
shown in Fig. 1 (a)-(b). 

 
 

 
 

Fig. 1. Clustering Overhead (a) CAs-S, (b) CAs-R. 
 
 

4.2.2. DASS Performance 
 

A. Event size 
Shown in Fig. 2(a), the amount of in-network 

data grows as event size increases due to the number 
of event nodes growing. Since DASS and InFRA can 
aggregate data within an event area and increase the 
degree of path overlap, their amount of data 
transmission is less than that of SPT and CNS. 
DASS_R makes nodes choose their next hops less 
randomly than InFRA_R. So, the amount of data 
transmission of DASS is slightly less than that  
of InFRA. 

The control overhead for route maintenance of 
InFRA is much higher than that of DASS, CNS and 
SPT, due to cluster head information flooding. The 
clustering overhead of both DASS and InFRA grows 
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as event radius increases and DASS has more 
moderate increasing rate. So, the total control 
overhead is just shown as Fig. 2(b). Because DASS 
has better data aggregation, combined with the above 
results, its routing efficiency and total energy 
consumption is the best, shown in Fig. 2 (c)-(d). 
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Fig. 2. Event Radius Varying (a) DPs, (b) CO,  
(c) RE, (d) EC. 

 
 

B. Density 
Here, the number of nodes varies from 3575 to 

6400, and we collect results on density varying 
shown in Fig. 3. Because the number of nodes in 
event areas increases as density grows, the data 
transmission and control overhead increase, shown in 
Fig. 3 (a)-(b). From Fig. 3 (c)-(d), the routing 
efficiency and energy consumption for the four 
algorithms increases when density grows and DASS 
works best. 
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Fig. 3. Density Varying (a) DPs, (b) CO,  
(c) RE, (d) EC. 

 
 

C. Network size 
We change the number of nodes from 1600 to 

7744 and resize the network from about  

555 m×555 m to 1220 m×1220 m correspondingly, 
keeping the network density constant as 20. The 
results are shown in Fig. 4. The nodes which are 
responsible for information transmission increase as 
the network size increases, leading to the data and 
control packet transmission growing, routing 
efficiency decreasing and energy consumption 
increasing for all the four algorithms, shown in 
Fig. 4 (a)-(d) respectively. DASS works the best still 
as network size varies. 
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Fig. 4. Network Size Varying (a) DPs, (b) CO,  
(c) RE, (d) EC. 

 
 

4.2.3. DADS Performance 
 
A. Event size 
Because DADS takes advantage of the aided sink 

moving to intercept information, its routing efficien-
cy is higher than DASS, shown in Fig. 5 (a).  
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Fig. 5. Event Radius Varying (a) RE, (b) AE,  
(c) DPs-PS, (d) DPs-AS. 



Sensors & Transducers, Vol. 182, Issue 11, November 2014, pp. 77-85 

 84 

DADS can further reduce the load on the one-hop 
nodes around the primary sink by the aided sink, so 
the AE and DPs-PS of DADS is lower than those of 
DASS respectively by 34 % and 40 % averagely, as 
shown in Fig. 5 (b)-(c). The experiments here run 
under the constant number of events, so the amount 
of data received by the aided sink does not vary 
severely under different event sizes, shown  
in Fig. 5 (d). 

B. Density 
For different density, we change the number of 

nodes from 3575 to 6400, with results shown in 
Fig. 6 (a)-(d). As density increases, the number of 
nodes within event areas and the one-hop sink 
neighbors increase. Moreover, the increasing density 
strengthens the ability for data interception of the 
aided sink. So, for DADS, its RE increases, AE and 
DPs-PS decreases and DPs-AS increases with 
increasing density, and its performance is better than 
DASS due to the aided sink. 
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Fig. 6. Density Varying (a) RE, (b) AE, (c) DPs-PS, (d) 
DPs-AS.  

 
 
C. Network size 
Here, we increase the network size from 1600 to 

7744 nodes, resize the sensor field to keep a constant 
network density of 20, and fix the number of events 
and event radius, with results shown in Fig. 7. Due to 
the aided sink, DADS outperforms DASS. The 
routing efficiency of DADS is higher than that of 
DASS, and its AE and DPs-PS are lower by 29 % 
and 34 % respectively in average, shown in  
Fig. 7 (a), (b) and (c). From Fig. 7 (d), we can see 
that the ability of the aided sink intercepting data 
does not vary severely with increasing network size. 

 
 

5. Conclusions 
 
For the problem of efficient data aggregation 

based routing for WSNs, we propose the Data-

Aggregation and Dual-Sinks based routing algorithm 
(DADS). DADS can cluster nodes within event areas 
in a distributed manner and maintain a hop-tree with 
good data aggregation by small control overhead. 
Moreover, it can relieve imbalanced load problem by 
the aided sink moving and intercepting data. 
Algorithm analysis and experiments prove the 
advantages of DADS.  
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Fig. 7. Network Size Varying (a) RE, (b) AE,  
(c) DPs-PS, (d) DPs-AS. 

 
 
If wireless links are unreliable, DADS can also 

work but with much worse energy efficiency. How to 
ensure the energy efficiency of DADS in unreliable 
event-driven WSNs is one of our future works. 
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