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 In wireless sensors the data can be sending through network without any data 

collusions. Here, we are transmitting the data in the form of encrypted packets through 

network to destination without any misplacement of data packets .To fulfilling that, 

data aggregation is used. Data aggregation has been widely recognized as an efficient 

method to reduce energy consumption in wireless sensor networks, which can support a 

wide range of applications such as monitoring temperature, humidity, level, speed etc. 
The data sampled by the same kind of sensors have much redundancy since the sensor 

nodes are usually quite dense in wireless sensor networks. To make data aggregation 

more efficient, the packets with the same attribute, defined as the identifier of different 
data sampled by different sensors such as temperature sensors, humidity sensors, etc., 

should be gathered together. However, to recognize that the present data aggregation 

mechanisms did not take packet attribute into consideration. In this paper, we take the 
lead in introducing packet attribute into data aggregation and propose an Attribute-

aware Data Aggregation mechanism using Dynamic Routing (ADADR) which was 

combined with the adaptive time control scheme which can make packets with the same 
attribute convergent as much as possible. The result shows the comparison status of 

ADA with EIGRP and with the dynamic protocol DSDV and therefore there will be an 

efficient improvement in data aggregation within a minimum time. 
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: S. Lavanya and Dr. V. Murali Bhaskaran, Effective Data Aggregation using EIGRP with adaptive time control 

scheme in WSN. Adv. in Nat. Appl. Sci., 9(12): 32-39, 2015 

 

INTRODUCTION 

 

 Wireless Sensor Networks (WSNs) can be 

readily deployed in various environments to collect 

information in an autonomous manner. It can support 

various applications such as habitat monitoring 

(Szewczyk, 2004), fire detection (Hefeeda, 2009), 

identifying data fusion (Fang, 2003) and moving 

target tracking (Hall, 1997). The collaborative signal 

processing algorithms can be designed in WSN 

applications to improve the sensing - performance.  

 A data fusion technique, which can merge raw 

data from multiple sources to achieve improved 

accuracies and more specific inferences than could 

be achieved by use of a single sensor alone (Hall, 

1997), has been employed in sensor network systems 

for target detection (Li, 2002; Clouqueur, 2004) 

localization (Sheng, 2003) and classification 

[8].Generally, data fusion involves hierarchical 

transformation between sensory raw data and 

decision, which constitutes statistical and sequential 

estimations, or weighted decision problems (Hall, 

1997). Thus, data fusion often requires intensive 

computing, which may be unaffordable for the nodes 

in WSN with the limited resources including 

computing, storage and especially energy, which is 

usually difficult to be supplemented due to 

unattended operation in remote or even hostile 

locations. Hence, it is a key research issue to design 

energy efficient protocol for WSNs. The phenomena 

or events in most that are spatially and temporally 

correlated, which imply data from adjacent sensors 

are often redundant and highly correlated.  

 To exploit both spatial and temporal 

correlations, the data aggregation, which can be 

regarded as simple data fusion, is introduced by 

Heidemann et al. (2003) to conduct some simple 

operation on raw data at intermediate nodes, such as 

MAX, MIN, AVG, SUM, etc., and then only the 

abstracted data are transmitted to the sink, and thus 

save energy consumption by avoiding redundant 

transmissions. Following this paradigm, numerous 

data aggregation schemes (Ding, 2003; Tan, 2003; 

Li, 2010). Proposed to save the limited energy on 

sensor nodes in WSNs.  

 In wireless sensor network community, the 

investigations mostly on data aggregation schemes 

focus on designing proper strategies to drive the 

packets carrying redundant and correlated data 

converge spatially and temporally, which will 
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provide more chances and more sufficient conditions 

for actual aggregation operations. Accordingly, the 

data aggregation schemes can broadly classified into 

temporal and spatial solutions. 

 The work in (Ding, 2003; Tan, 2003; Li, 2010), 

focus on efficient routing mechanism for data 

aggregation. Although the existing data aggregation 

schemes can make packets more spatially and 

temporally convergent to improve aggregation 

efficiency, most of them assume that there are 

homogeneous sensors and only one application in 

WSNs, and ignore considering whether the packets 

really carry redundant and correlated information or 

not. Actually, nodes are equipped with various 

sensors (i.e., pressure, temperature, humidity, light 

intensity, etc.) and different applications can also run 

in the same WSN simultaneously. It is impossible to 

conduct simple aggregation operations on the packets 

from heterogeneous sensors even if all packets can 

be transmitted along the same reconstructed 

aggregation trees and timing control schemes can 

also ensure packets have a high probability to meet 

with each other. Even data fusion can merge multiple 

heterogeneous raw data to produce new data. 

 In this work, we introduce the concept of packet 

attribute, which is used to identify the packets from 

different applications or heterogeneous sensors 

according to specific requirements, then design an 

attribute-aware data aggregation using dynamic 

routing scheme (ADADR) scheme, which can make 

the packets with the same attribute convergent as 

much as possible to improve the efficiency of data 

aggregation. The routing protocols employed by 

most of existing data aggregation schemes are static. 

They properly support data aggregation in the 

network with homogeneous sensors and a single 

application, but cannot conduct effective data 

aggregation when the data from heterogenous 

sensors or various applications are forwarded along 

the same static path. Events always occur randomly 

in time and space, the information of packet attribute 

at each node is hardly predicted. It is costly to 

predetermine the proper routing path for each packet 

attribute. Therefore, a distributed and dynamic 

routing protocol is expected to adapt to the frequent 

variation of packet attribute distribution at each node. 

By the concept of pheromone, which will be left 

along the path where ants pass and evaporate with 

time, in ant colony we draw an analogy between 

pheromone and packet attribute.  

 A packet will leave attribute-dependent 

pheromone when passing a node to attract the 

afterward packets with the same attribute, which will 

make the packets generated by the same applications 

more spatially convergent. With respect to routing 

decisions, we borrow the concept of potential in 

physics and follow the potential-based routing 

paradigm in the context of traditional networks to 

develop a dynamic routing algorithm. The packets 

are driven by a hybrid virtual potential field to move 

toward the sink, at the same time the packets with 

identical attribute are attracted by attribute-dependent 

pheromone to move along the same path, which will 

provide more chances to conduct data aggregation 

effectively. In addition, the potential-based routing is 

scalable and easy to be implemented since only local 

information are required and can be easily obtained. 

To further improve the performance of data 

aggregation scheme, the packets should also be 

temporally convergent so as to meet with each other 

at the same node as well as at the same time. Thus, 

we also design an adaptive packet driven timing 

control algorithm to improve temporal convergence. 

In summary, the main contributions in this work are 

threefold: 

 An ADA scheme is proposed to intentionally 

drive the packets with the same attribute convergent 

as much as possible in the WSNs with heterogenous 

sensors or various applications. 

 Inspired by the concepts of both potential field 

in physics and pheromone in ant colony, a dynamic 

routing protocol is elaborately designed to support 

the ADA scheme. 

 An adaptive packet-driven timing control 

algorithm is proposed to provide more chances for 

data aggregation on nodes. 

 The remainder of the paper is organized as 

follows: Related work and motivation are introduced 

in next section. In Section 3, the details of ADA, 

including the potential based dynamic routing 

(PBDR) and the packet-driven timing scheme, are 

presented. In Section 4.2, the simulations are 

conducted to evaluate the performance of our ADA 

mechanism. 

 

Related Work: 

 With an importance on lifetime, reliability, and 

the static and dynamic aspects of single and multi-

hop networks. They compared the results collected to 

expectations set during the design phase: they were 

able to accurately predict lifetime of the single-hop 

network, but they underestimated the impact of 

multichip traffic overhearing and the nuances of 

power source selection. While initial packet loss data 

was commensurate with lab experiments, over the 

duration of the deployment, reliability of the backend 

infrastructure and the transit network had a dominant 

impact on overall network performance. Finally, they 

evaluated the physical design of the sensor node 

based on deployment experience and a post mortem 

analysis. The results shed light on a number of 

design issues from network deployment, through 

selection of power sources to optimizations of 

routing decisions. 

 They proposed approximation algorithms for the 

node k-coverage problem which is shown to be NP-

hard. We present a constant-factor centralized 

algorithm, and a fully distributed version which does 

not require sensors know their locations. Their 

simulation study demonstrates that our algorithms: 
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activate near-optimal number of sensors, converge 

much faster than other algorithms, significantly 

prolong (almost double) the network lifetime, and 

can achieve unequal monitoring of different zones in 

the forest. 

 Q. Fang, etal., (2003) This paper makes minimal 

assumptions about node onboard processing and 

communication capabilities so as to allow possible 

implementations on resource-constrained hardware. 

Factors affecting protocol performance are discussed. 

The paper presents simulation results showing how 

the protocol performance varies as key network and 

task parameters are varied. It also provides 

probabilistic analyses of network behavior consistent 

with the simulation results. The protocols have been 

experimentally validated on a sensor network testbed 

comprising 25 Berkeley MICA sensor motes. 

 D.L. Hall, et al., (1997) In this paper, the Multi 

sensor data fusion is an emerging technology applied 

to Department of Defense (DoD) areas such as 

automated target recognition, battlefield surveillance, 

and guidance and control of autonomous vehicles, 

and to non-DoD applications such as monitoring of 

complex machinery, medical diagnosis, and smart 

buildings. Techniques for multi sensor data fusion 

are drawn from a wide range of areas including 

artificial intelligence, pattern recognition, statistical 

estimation, and other areas. This paper provides a 

tutorial on data fusion, introducing data fusion 

applications, process models, and identification of 

applicable techniques. Comments are made on the 

state-of-the-art in data fusion. 

 D. Li, K.,et al, (2002) In this reference paper, 

the Wong Power consumption is a critical 

consideration in a wireless sensor network. The 

limited amount of energy stored at each node must 

support multiple functions, including sensor 

operations, on-board signal processing, and 

communication with neighboring nodes. Thus, one 

must consider power-efficient sensing modalities, 

low sampling rates, low-power signal processing 

algorithms, and efficient communication protocols to 

exchange information among nodes. To facilitate 

monitoring of a sensor field, including detection, 

classification, identification, and tracking of targets, 

global information in both space and time must be 

collected and analyzed over a specified space-time 

region. Individual nodes, however, only provide 

spatially local information. Furthermore, due to 

power limitation, temporal processing is feasible 

only over limited time periods. This necessitates 

CSP, collaboration between nodes to process the 

space-time signal. 

 T. Clouqueur,et al, (2004) This paper focuses on 

finding algorithms for collaborative target detection 

that are efficient in terms of communication cost, 

precision, accuracy, and number of faulty sensors 

tolerable in the network. Two algorithms, namely, 

value fusion and decision fusion, are identified first. 

When comparing their performance and 

communication overhead, decision fusion is found to 

become superior to value fusion as the ratio of faulty 

sensors to fault free sensors increases. As robust data 

fusion requires agreement among nodes in the 

network, an analysis of fully distributed and 

hierarchical agreement is also presented. The impact 

of hierarchical agreement on communication cost 

and system failure probability is evaluated and a 

method for determining the number of tolerable 

faults is identified. 

 X. Sheng, et al, (2003) In this paper, the 

approach is power efficient and needs low 

communication bandwidth and therefore, is suitable 

for the source localization in the distributed sensor 

network system. Maximum Likelihood (ML) 

estimation with Expectation Maximization (EM ) 

solution and projection solution are proposed to solve 

this energy based source location (EBL) problem. 

Cramer-Rao Bound (CRB) is derived and used for 

the sensor deployment analysis. Experiments and 

simulations are conducted to evaluate ML algorithm 

with different solutions and to compare it with the 

Nonlinear Least Square (NLS) algorithm using 

energy ratio function that they proposed. 

 M. Ding,et al, (2003) In this paper, they 

proposed an efficient energy-aware distributed 

heuristic to generate the aggregation tree, which we 

refer to as EADAT. Our EADAT algorithm makes 

no assumption on local network topology, and is 

based on residual power. It makes use of neighboring 

broadcast scheduling and distributed competition 

among neighbors. 

 H.O. Tan,et al, (2003) they proposed two new 

algorithms under name PEDAP (Power Efficient 

Data gathering and Aggregation Protocol), which are 

near optimal minimum spanning tree based routing 

schemes, where one of them is the power-aware 

version of the other. Their simulation results show 

that our algorithms perform well both in systems 

where base station is far away from and where it is in 

the center of the field. PEDAP achieves between 4x 

to 20x improvement in network lifetime compared 

with LEACH, and about three times improvement 

compared with PEGASIS. 

 J. Li, et al, (2010) In this paper, they focused on 

broadcast communication model in this paper, but 

their results are more generally applicable to a 

unicast communication model as well. They drew 

connections between the data collection problem and 

a previously studied graph concept called weakly 

connected dominating sets, and we use this to 

develop novel approximation algorithms for the 

problem. They presented a comparative results on 

several synthetic and real-world datasets showing 

that our algorithms construct near-optimal 

compression trees that yield a significant reduction in 

the data collection cost. 

 W. Zhang, et al, In this paper, they proposed an 

optimal solution which achieves 100% coverage and 

minimizes the energy consumption under certain 
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ideal situations. Considering the real constraints of a 

sensor network, we propose several practical 

implementations: the conservative scheme and the 

prediction-based scheme for tree expansion and 

pruning; the sequential and the localized 

reconfiguration schemes for tree reconfiguration. 

Extensive experiments are conducted to compare the 

practical implementations and the optimal solution. 

The results show that the prediction-based scheme 

outperforms the conservative scheme and it can 

achieve similar coverage and energy consumption to 

the optimal solution. The experiments also show that 

the localized reconfiguration scheme outperforms the 

sequential reconfiguration scheme when the node 

density is high, and the trend is reversed when the 

node density is low. 

 

Designing ADADR: 

 In this section, the PBDR protocol will be 

presented, followed with some analysis of key 

parameters, then a packet-driven timing scheme 

which cooperates with the dynamic routing will be 

developed. For a legible description, we first 

introduce some definitions. 

 

Definition: 

 Depth: The depth of a node is the number of 

hops that it is away from the sink. Neighbor: The 

neighbor of node i is all nodes in the radio coverage 

disk of node i except for i itself, denoted by sigma. 

 Attribute: The attribute of data packet is its 

identification. The heterogenous sensors and nodes 

involved in different applications may generate data 

packets with different attributes. The identical 

sensors on the nodes involved in the same 

applications will generate the packets with identical 

attribute. We use different natural numbers to 

identify different attributes, and extend the packet 

header to carry this value. 

 

PBDR: 

 Intuitively, it is just like the valleys in the 

surface of the bowl .The more intense are the odor, 

the deeper is the valley. Each packet will select the 

deepest valley with the same odor as that of itself as 

the path to the sink rather than flow along a fixed 

path such as the shortest path to the sink. In Potential 

based dynamic routing (PBDR), the heterogeneous 

sensors and nodes involved in different applications 

may generate data packets with different attribute. 

The more intense is the odor, the deeper is the valley. 

Each packet is transmitted to the deepest valley with 

the same odor as that of itself, rather than be sent 

along a fixed path such as the shortest tree. In this 

way, the packets with the same attribute can 

intentionally follow the same path and converge as 

much as possible. 

 PBDR must accomplish the following three 

tasks in order to handle the contour problem.  

1) Assign potentials to all sensor nodes for 

identifying them  

2) Inform the sink nodes of the potentials  

3) Route data to a destination node by using its 

potential as an identifier. 

 In a following PBDR algorithm, we suppose that 

all sinks can communicate with each other via the 

local area networks or the Internet. A. Overview of 

PBDR For realizing PBDR, it is first necessary to 

assign potentials to all sensor nodes in order to 

identify them. We denote such a potential as Pid, and 

we give an overview of PBDR with Pid below.  

1) Each sensor node calculates its own Pid.  

2) When a sensor node generates an upstream data 

packet, it includes its Pid in the packet header, and a 

sink node records the Pid when it receives the 

upstream data.  

3) We define a function Distp(n1, n2) which is a 

virtual distance between nodes n1 and n2 and is 

calculated from their Pids.  

4) A sensor node with downstream data to be 

transmitted forwards data to the neighbor node 

whose distance to the destination node is smallest, as 

shown by the value of function Distp(n1, n2).  

 In this way, the data ultimately reaches the 

destination node. B. Node Identification In protocols 

based on existing methods for constructing a 

potential field, downstream data will not always 

arrive at the destination node because of the contour 

problem. Thus, we assign a virtual coordinate to all 

sensor nodes in order to identify them. This method 

is based on the idea of the trilateration. N sink nodes 

individually construct potential fields, and all nodes 

have a set of potentials as a virtual coordinate. Here, 

as in reference (2010), the diffusion equation is used 

by sink node i to construct the potential field Fi (i = 

1, · · · , N). Now, we can define that Pid is a set of N 

potentials. If there are three sink nodes and three 

potential fields, PBDR can be realized. However, in 

Section V, we use four sink nodes and four potential 

fields in order to acquire the redundancy when a sink 

node fails. 

 

Ant colony mechanism: 

 An ant is a simple computational agent in the ant 

colony optimization algorithm. It iteratively 

constructs a solution for the problem at hand. The 

intermediate solutions are referred to as solution 

states. At each iteration of the algorithm, each ant 

moves from a state X to state Y, corresponding to a 

more complete intermediate solution. Thus, each 

ant K computes a set AK(X) of feasible expansions to 

its current state in each iteration, and moves to one of 

these in probability. For ant K, the probability p
k
XY 

of moving from state X to state Y depends on the 

combination of two values, viz., 

the attractiveness ηXY of the move, as computed by 

some heuristic indicating the a priori desirability of 

that move and the trail level τXY of the move, 
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indicating how proficient it has been in the past to 

make that particular move. 

 The trail level represents a posteriori indication 

of the desirability of that move. Trails are updated 

usually when all ants have completed their solution, 

increasing or decreasing the level of trails 

corresponding to moves that were part of "good" or 

"bad" solutions, respectively. 

 In general, the K
th

 ant moves from state X to 

state Y with probability 

 
 Where τXY is the amount of pheromone 

deposited for transition from state X to Y, 0 ≤ α is a 

parameter to control the influence of τXY, ηXY is the 

desirability of state transition XY (a 

priori knowledge, typically 1/dXY, where d is the 

distance) and β ≥ 1 is a parameter to control the 

influence of τXY . ηXY and ηXY represent the 

attractiveness and trail level for the other possible 

state transitions. 

 

Experimental Setup: 

 We implement the ADA scheme in C and use 

the TOSSIM simulator integrated in Tiny OS to 

evaluate its performance. Assume that an aggregation 

function can merge the packets with correlated 

information into one packet regardless of its actual 

operators. This assumption can be held for some 

common aggregation operators, such as MAX, MIN, 

SUM, AVG, STD, and VAR.  

 The other particular parameters in different 

scenarios will be introduced in the related sections. A 

randomly deployed network with three circular 

monitoring areas. With regard to the setting of 

parameters α, ρ, and S, we set S=32, ρ = 0.9, and α 

=0.78. A relatively large ρ indicates that the 

pheromone evaporates more slowly, which is 

propitious to make the packets with identical 

attribute be transmitted along the same path to the 

sink. Otherwise, in our simulations, three different 

scenarios where node density and scale vary, 

respectively, and a mobile event is introduced, are 

designed to conduct a comprehensive performance 

evaluation and comparison with the following typical 

schemes: SPT: Packets are forwarded to the sink 

along the shortest path. Aggregation is opportunistic 

and happens only if two packets with the same 

attribute encounter at the identical node as well as at 

the same instant. . CT: The shortest path tree with CT 

scheme proposed 

 

 
 

Fig. 1: Snapshot of normalized queue length in ADA. 

 

 DDS: A special dominating set is constructed 

first and then a connected dominating set is 

constructed to connect dominators and the other 

nodes, and the resultant tree can act as the 

aggregation tree.  WCDS: A directed tree over the 

sensor network nodes is constructed to compress the 

value of a node using the value of its parent. To the 

best of our knowledge, little work focuses on the data 

aggregation in WSN with heterogenous sensor and 

various applications. Actually, in the homogeneous 

environment, our ADA scheme should have 

advantage over the existing data aggregation scheme 

employing the static routing protocol.  

 To verify this prediction, the above four schemes 

are chosen to make comparison with the ADA 

scheme. It is noted that the DDS only provides an 

aggregation tree. To make proper comparison, the 

adaptive timing control scheme presented in this 

work is combined with the aggregation tree of DDS 

in simulation experiments. 

 

RESULTS AND DISCUSSION 

 

 To evaluate the performance of ADA in mobile 

scenario, we configure an event moving at the speed 

of 0.1m/sec in a 100 mx100 m WSN with 100 

sensors as shown in Fig. 2a. The radius of the circle 

is 4 m. The event starts to move from (30m,50m) and 

stops at (50m,46m), and the moving trajectory is also 

depicted in Fig. 2a. The experiment is repeated 10 

times and the statistical results are calculated. Both 

ANTRP and AR are presented in Fig. 2b. 

 



37                                                     S. Lavanya and Dr. V. Murali Bhaskaran, 2015 

Advances in Natural and Applied Sciences, 9(12) August 2015, Pages: 32-39 

 
 

Fig. 2: Mobile scenarios. 

 

 The average number of transmissions per 

received packet and AR of ADA is the smallest 

among all schemes. The obvious advantage of the 

dynamic routing protocol and adaptive timing control 

scheme in ADA implies that it is critical to 

dynamically forward packets in response to the state 

of both network and event in mobile scenario.  

 

 
 

Fig. 3: Different parameter α. 

 

 Specifically, in Fig. 2a, the event moves along a 

curve. ADA can dynamically send packets along the 

curve to make packets more convergent in space. 

However, the static routing protocol employed by 

most existing data aggregation schemes only send 

packets along the predetermined route path. 

Although the AR of ADA is nearly same as that of 

CT, the average number of transmissions per 

received packet in CT is much larger. The reason is 

that although most of packets are aggregated in CT, 

they are aggregated much later than that in ADA. 

Hence, ANTRP is relatively large. The obvious 

advantage is obtained by our ADA scheme; 

moreover, it does not need any extra mechanisms to 

monitor or maintain necessary information for 

dynamic routing, such as event locations required by 

the dynamic routing in. In addition, the small 

standard deviation presented by bars in Fig. 2a shows 

that our proposed scheme is stable. 

 

Energy Consumption: 

 The threshold parameter has the hard threshold 

(HT) and soft threshold (ST). HT is a particular value 

of an attribute beyond which a node can be triggered 

to broadcasts the data from source to destination 

node. Software Threshold is a slight vary in the value 

of an attribute which can trigger a node to convey the 

data again. 

 
Table. 1: Network parameters 

Parameters Value 

Protocols ADA with EIGRP, DSDV 

Network size 180*180m 

Sensor Nodes 100 to 250 

Distance of Threshold, d0 52m 

Initial Energy, E0 1.5J 

Sink location 70,225m 

Packet size 2500bits 

Range of transmission 75m 

 

 The energy consumption can be calculated 

through the parameters that are shown in above table. 

Energy efficiency of each protocol is evaluated by 

throughput of transmission in Wireless Sensor 

Networks (WSN). The ADA with EIGRP dynamic 

protocol can provide the Low energy consumption 

for data aggregation in WSN compared to static 

protocol because it is decide the efficient route 

automatically on the network and also it can give 

efficient data aggregation.  
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Table 2: Energy Consumption of protocols. 

 

Number of nodes 

ADA with EIGRP  

DSDV 

100 18J 20.1J 

150 19.5J 22.3J 

200 17.8J 20.3J 

250 20.6J 22.5J 

 

 
 

Fig. 4: Energy Consumption. 

 

 The fig.4 shows that the energy consumption of 

dynamic and static protocols. The energy 

consumption of each protocol can be measured in 

Joules. The application sends a counter through the 

network and it consumes specific Joules in 60 

seconds. In our analysis, ADA with EIGRP 

(Enhanced Interior Gateway Routing Protocol) 

dynamic protocol has the minimum energy 

consumption than the DSDV static protocol, so the 

ADA with dynamic protocol can provide the better 

performance to aggregate the data in Wireless Sensor 

Networks. The ADA with dynamic protocol will 

select the route automatically for the demand of data 

transmission but the DSDV contains the table driven 

process, therefore, their route selection in stable. 

Energy is conserved by reducing the energy 

consumption, therefore the ADA with EIGRP 

conserve the energy for data transmission with data 

aggregation in WSNs. The network lifetime can be 

increased through the energy conservation. 

Therefore, Attribute-aware Data Aggregation 

mechanism using Dynamic Routing (ADADR) can 

give the better data aggregation compared to the 

static protocol. 

 

Conclusion: 

 The data aggregation is an effective mechanism 

to save limited energy in WSNs. Heterogeneous 

sensors and various applications likely run in the 

same network. To handle this heterogeneity, in this 

paper, we introduce the concept of packet attribute to 

identify different packets generated by heterogeneous 

sensors and different applications, and then propose 

an attribute-ware data aggregation scheme consisting 

of PBDR protocol and packet-driven timing control 

algorithm. Packets are treated as ants, and then the 

basic mechanism for finding paths based on 

pheromone in ant colony is borrowed to attract the 

packets with the same attribute to gather together. 

Enlightened by the concept of potential in physics, a 

PBDR protocol is developed. 
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