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요   약

센서 노드들의 기에 지 양은 극히 제한 이고, 밧데리 교체는 무선 센서 망에서는 매우 어

렵다. 본 논문은 다른 라우터에서 에 지 손질에 한 수학  모델을 제안하며, 직  Diffusion 

기반에 에 지 소비를 근거로 하여 해석한다.
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ABSTRACT

Electric quantity of sensor nodes is extremely limited, and the battery replacement is very difficult 

in wireless sensor networks. This paper proposes analytic model on energy loss in different route 

structure, which it is based upon the data-centric storage and the directed diffusion is energy 

consumption in the wireless sensor network.
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1. Introduction

Sensor network applications require wireless 

ad hoc networking techniques. Although many 

protocols and algorithms have been proposed for 

traditional wireless ad hoc networks, they are not 

well suited to the unique features and application 

requirements of sensor networks. To illustrate 

this point, the differences between sensor net-

works and ad hoc networks are [5, 6, 10]：① The 

number of sensor nodes in a sensor network can 

be several orders of magnitude higher than the 

nodes in an ad hoc network. ② Sensor nodes are 

densely deployed. ③ Sensor nodes are prone to 

failures. ④ The topology of a sensor network 

changes very frequently. ⑤ Sensor nodes mainly 

use a broadcast communication paradigm, whe-

reas most ad hoc networks are based on point- 

to-point communications. ⑥ Sensor nodes are 

limited in power, computational capacities, and 

memory. ⑦ Sensor nodes may not have global 

identification because of the large amount of 

overhead and large number of sensors.

The protocol stack [7, 9] used by the sink and 

sensor nodes. This protocol stack combines pow-

er and routing awareness, integrates data with 

networking protocols, communicates power effi-

ciently through the wireless medium, and pro-

motes cooperative efforts of sensor nodes. The 

protocol stack consists of the physical layer, data 

link layer, network layer, transport layer, appli-

cation layer, power management plane, mobility 

management plane, and task management plane.

The network layer takes care of routing the 

data supplied by the transport layer. The trans-

port layer helps to maintain the flow of data if 

the sensor networks application requires it. De-

pending on the sensing tasks, different types of 

application software can be built and used on the 

application layer. In addition, the power, mobility, 

and task management planes monitor the power, 

movement, and task distribution among the sen-

sor nodes. These planes help the sensor nodes 

coordinate the sensing task and lower overall 

power consumption.

The power management [3, 4, 7] plane manages 

how a sensor node uses its power. For example, 

the sensor node may turn off its receiver after 

receiving a message from one of its neighbors. 

This is to avoid getting duplicated messages. 

When the power level of the sensor node is low, 

the sensor node broadcasts to its neighbors that 

it is low in power and cannot participate in rout-

ing messages. The remaining power is reserved 

for sensing. The mobility management plane de-

tects and registers the movement of sensor no-

des, so a route back to the user is always main-

tained, and the sensor nodes can keep track of 

who their neighbor sensor nodes are. By knowing 

who the neighbor sensor nodes are, the sensor 

nodes can balance their power and task usage. 

The task management plane balances and sched-

ules the sensing tasks given to a specific region. 

Not all sensor nodes in that region are required 

to perform the sensing task at the same time. As 

a result, some sensor nodes perform the task 

more than others depending on their power level. 

These management planes are needed so that 

sensor nodes can work together in a power effi-

cient way, route data in a mobile sensor network, 

and share resources between sensor nodes.

The wireless sensor node can only be equipped 
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with a limited power source. In some application 

scenarios, replacement of power resources might 

be impossible. Lifetime of sensor node shows a 

strong dependence on battery lifetime. Each node 

in a multi-hop ad hoc sensor network plays the 

dual role of data originator and data router. The 

malfunction of a few nodes can cause significant 

topological changes and might require rerouting 

of packets and reorganization of the network. 

Hence, power conservation and power manage-

ment take on additional importance.

The data transmission is the sensor nodes en-

ergy consumption is biggest and so effective, and 

the energy consumption smaller routing estab-

lishment is the sensor nods energy conservation 

key. The good route agreement regarding the 

sensor network is the very important. Sensor no-

des are scattered densely in a field either close 

to or inside the phenomenon. As discussed in the 

first section, special multihop wireless routing 

protocols between the sensor nodes and the sink 

node are needed. Traditional ad hoc routing tech-

niques do not usually fit the requirements of the 

sensor networks due to the reasons explained 

earlier. The network layer of sensor networks is 

usually designed according to principle：① Power 

efficiency is always an important consideration. 

② Sensor networks are mostly data-centric. ③ 

Data aggregation and storage is useful only when 

it does not hinder the collaborative effort of the 

sensor nodes. ④ An ideal sensor network has at-

tribute-based addressing and location aware-

ness.

Data aggregation and storage is useful only 

when it does not hinder the collaborative effort 

of the sensor nodes. A sensor network is usually 

perceived as a reverse multicast tree, where the 

sink asks the sensor nodes to report the ambient 

condition of the phenomena. Data coming from 

multiple sensor nodes are aggregated as if they 

are about the same attribute of the phenomenon 

and storage when they reach the same routing 

node on the way back to the sink. Since battery 

supply of sensors is limited, so a highly effective 

data aggregation and storage algorithm regard-

ing the sensor nodes energy consumption is a 

very important. It is not feasible to assign global 

identifiers to each node due to the sheer number 

of nodes deployed. Such lack of global identi-

fication along with random deployment of sensor 

nodes makes it hard to select a specific set of 

sensor nodes to be queried. Therefore, data is 

usually transmitted from every sensor node wi-

thin the deployment region with significant re-

dundancy. Since this is very inefficient in terms 

of energy consumption and routing protocols that 

will be able to select a set of sensor nodes and 

utilize data aggregation during the relaying of 

data have considered. 

   2. Analytic Model of Energy of 

Router 

We present an analytic model of the data de-

livery cost for directed diffusion and two schemes 

(i.e., Flooding and Omniscient multicast). This 

analytic model serves to sanity check the in-

tuition behind directed diffusion, and highlights 

some of the differences between diffusion and the 

other methods. For analytic model, we analyze 

these three schemes in a very simple and ideal-
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ized setting. We assume that a square grid model 

consist of N nodes. If node equally divides into 

certain small regions this region in idealization, 

each small region sensor nodes number is homol-

ogy in certain scope. It is based upon the da-

ta-centric storage. Centric node is this region 

storage node and we can look the region upon 

a node. This model is shown in (Figure 1). All 

n sources are placed along nodes on the left edge 

of the grid, whereas all m sinks are placed along 

the right edge. The first source is at the center 

of the left border. The i
th source is ⌊

⌋  hops 
above (i.e., i is even) or below (i.e., i is odd) the 

first source. This placement scheme is also used 

for sinks except that the distance between 2 ad-

jacent sinks is dm hops rather than dn hops. Given 

that sources and sinks are vertically placed only, 

  can not be less than max (ndn, mdm).

Source 4

Source 2

Source 1

Source 5

Source 3

Sink 3

Sink 1

Sink 2

n = 3n = 5

Square root of N=5 nodes

d  = 1 hop

d  = 2 hopm

n

(Figure 1) Square sensor node model

In Flooding, each sensor receiving a data pac-

ket broadcasts it to all of its neighbors and this 

process continues until the packet arrives at the 

destination or the maximum number of hops for 

the packet is reached. Such drawbacks include 

implosion caused by duplicated messages sent to 

same node, overlap when two nodes sensing the 

same region send similar packets to the same 

neighbor and resource blindness by consuming 

large amount of energy without consideration for 

the energy constraints. In this analytic model 

measurement of performance is the total cost of 

transmission and reception of one event from 

each source to all the sinks. We define cost as 

one unit for message transmission and one unit 

for message reception.

These assumptions are clearly idealized in two 

ways. Transmission and reception costs may not 

be identical, and there might be other metrics of 

interest. By this measure, the cost of Flooding 

denoted by         or simply Cf is giv-

en by：

    


        

The transmission cost for Flooding n events 

(one event from each source) is nM because each 

node sends only one MAC broadcast per event. 

Each node can receive the same event from all 

neighbors. Thus, the reception cost for those n 

events is determined by 2n times the number of 

links in the network   . The 

data delivery cost for flooding is O(nN) which 

is asymptotically higher than the cost of other 

schemes.

In the Omniscient multicast, each source tran-

smits its events along a shortest-path multicast 

tree to all sinks. In analytic model, we do not ac-

count for the cost of tree construction. Omnisci-

ent multicast instead indicates the best possible 

performance achievable in an IP-based sensor 
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network without considering overhead. For Om-

niscient multicast, the data delivery cost is de-

termined by twice the number of links on its 

source-specific shortest path trees. However, even 

in this simple grid topology, there are several shor-

test paths for each source-sink pair. We choose 

the shortest path using the following simple, de-

terministic rule. From a sink to a source, a diago-

nal link is always the next hop as long as it leads 

to a shortest path. Otherwise, a horizontal link 

is selected. This path-selection rule is repeated 

until the source is reached. Thus, no shortest 

path includes vertical links. For example, if we 

denote a shortest path tree rooted at source j by 

Tj, then the number of links on T1 has two com-

ponents：the number of horizontal links  

and diagonal links ⌊
⌋⌊

⌋⌊
⌋

 . Other choices could result in a dif-

ferent cost, since the number of shared links on 

the tree could be different.

The cost of Omniscient multicast C0 is the sum 

of the costs of n trees. If we denote by    the 

cost to transmit an event from source j, we can 

express this cost in terms of T1 as：    

      .      is cost of 

transmission and reception along the tree formed 

by removing, from Tj, those links that are com-

mon to Tj and Tk. C(Tj) can be expressed as the 

sum of two costs：the cost of transmission and 

reception along the horizontal links H(Tj), and 

the analogous cost along the diagonal links 

D(Tj). We can then write C0 as follows：
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The data delivery cost of Omniscient multicast 

  is  
   for ≪ .

Directed diffusion is an important milestone in 

the data-centric routing research of sensor net-

works. The idea aims at diffusing data through 

sensor nodes by using a naming scheme for the 

data. The main reason of the scheme is to get 

rid of unnecessary operations of network layer 

routing in order to save energy. Direct diffusion 

suggests the use of attribute-value pairs for the 

data and queries the sensors in an on demand 

basis by using those pairs. In order to create a 

query, an interest is defined using a list of attrib-

ute-value pairs such as interval, duration, geo-

graphical area, etc. The interesting is broadcast 

by a sink through its neighbors. Each node re-

ceiving the interest can do caching for later use. 

The nodes also have the ability to do in-network 

data aggregation, which is modeled as a mini-

mum Steiner tree problem. The interests in the 

caches are then used to compare the received da-

ta with the values in the interests. The interest 

entry also contains several gradient fields. A 

gradient is a reply link to a neighbor from which 

the interesting was received. It is characterized 
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by the data rate, duration and expiration time de-

rived from the received interest’s fields. Hence, 

by utilizing interest and gradients, paths are es-

tablished between sink and sources. Several paths 

can be established so that one of them is selected 

by reinforcement. The sink resends the original 

interest message through the selected path with 

a smaller interval hence reinforces the source 

node on that path to send data more frequently. 

Path repairs are also possible in directed diffu-

sion. When a path between a source and the sink 

fails, a new or alternative path should be iden-

tified. For this case, directed diffusion basically 

reinitiates reinforcement by searching among oth-

er paths, which are sending data in lower rates. 

Suggest employing multiple paths in advance so 

that in case of a failure of a path, one of the alter-

native paths is chosen without any cost for se-

arching for another one. There is of course extra 

overhead of keeping these alternative paths alive 

by using low data rate, which will definitely use 

extra energy but more energy can be saved when 

a path fails and a new path should be chosen.

Despite using the same path-selection scheme, 

the cost of directed diffusion Cd differs from that 

of omniscient multicast, primarily because of ap-

plication-level data processing. Specifically, if all 

sources send identical target location estimates, 

the data delivery cost of diffusion is twice the 

number of links in the union of all shortest path 

trees rooted at the source. 

  →    
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where C0 and Cd are     for  ≪ .

The data delivery cost of Flooding Cf is several 

orders of magnitude higher than that of Omnisci-

ent multicast C0. However, C0 is still higher than 

the directed diffusion cost Cd because    

 ≥  and   ≥ →  . 

3. Simulation Model

For simulation evaluation of energy of router, 

we assume to vehicle tracking instance of di-

rected diffusion in the ns-2 simulator which sim-

ulation parameters are shown in <Table 1>. 

<Table 1> Simulation parameters 

Parameters Values 

Radio range (m) 30

Sleeping power in watts (W) 0.040

Transmitting power in watts (W) 0.76

Initial energy per node in joules (J) 10,000

Receiving power in watts (W) 0.5

Number of bit vector saved by node 400

Simulation experiment compares directed dif-

fusion to Omniscient multicast and Flooding sche-

me for data dissemination in networks. (Figure 

3) shows the average dissipated energy per pac-

ket as a function of network size. The analysis 

of diffusion proceeds along the same lines as that 



Analytic Model of Energy of Router in Wireless Sensor Networks  49

of omniscient multicast. To simplify the analysis, 

we assume that the tree that diffusion’s localized 

algorithms construct is the “union” of the short-

est path tree rooted at each source. This assump-

tion is approximately valid when the network op-

erates at low load levels. Furthermore, of the 

many available shortest paths, diffusion chooses 

one according to the following rule：from a sink 

to a source, a diagonal link is always the next 

hop as long as it is along the shortest path to 

a source；otherwise, a horizontal link is selected. 

This rule is the same one we used for omniscient 

multicast.
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  (Figure 3) Average dissipated energy 

analysis

Omniscient multicast dissipates a little less 

than half as much energy per packet per node 

than Flooding. It achieves such energy efficiency 

by delivering events along a single path from 

each source to every sink. Directed diffusion has 

noticeably better energy efficiency than Omni-

scient multicast. For some sensor fields, its dis-

sipated energy is only 60% that of Omniscient 

multicast. As with Omniscient multicast, it also 

achieves significant energy savings by reducing 

the number of paths over which redundant data 

is delivered. In addition, directed diffusion bene-

fits significantly from inter-network aggregat-

ion. In our simulation experiments, the sources 

deliver identical location estimates, and inter-

mediate nodes suppress duplicate location esti-

mates. This corresponds to the situation where 

there is a single vehicle in the specified region.

4. Conclusion 

We analyzed influence energy of sensor nodes 

with network layer under data transmission, and 

also analyzed data transmission by route struc-

ture through idealized schemes algorithm and 

simulation experiment which is based upon the 

data-centric storage. The directed diffusion had 

the best suit about energy consumption in wire-

less sensor network.
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