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ABSTRACT

In wireless sensor network routing proto
important because most of times nodes are in
work focuses on minimizing energy consumpti

(WSN) are spatially distributed

environmental conditions, such

d to cooperatively pass their data through the network

odern networks are bi-directional, also enabling control of
nt of wireless sensor networks was motivated by military
surveillance; today such networks are used in many industrial

The main contributions of this paper include the following.
We calculate the optimal transmission distance under the ideal scenarios and further
modify the value based on the real conditions.
We define the concept of EEN to conduct energy optimal strategy at the position based
on the optimal transmission distance.

. We introduce the forwarder list based on the distances to EEN and the residual energy
of each node into EEN for the selection of relay nodes.
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L. We propose ENS_OR algorithm to maximize the energy efficiency and increase the
network lifetime.

II. RELATED WORK

In recent years, there are several studies on routing-related parameters, like
connectivity-related parameters and density of the distributed nodes, in 1-D queue networks.
Previous works [8] and [9] studied the connectivity probability of two certain nodes versus the
entire network. Other work in [10], [11] investigated on unifgumly and independently
distribution under the assumption that the transmission rang iong sensor nodes.
Some energy-efficient approaches have been explored @ilire [12]-[14]. As
transmitting data consumes much more energy than g : S8sor nodes, energy

power and long hop lengths and using lo
minimum energy consumption can b

makes routing in wireless networks a challenging
problem, the concept of opportunistic routing was

(ExQG

hic opportunistic routing (EQGOR) [18], take advantage of
ess medium, and allow multiple neighbors that can overhear
In forwarding packets. However, these routing protocols did not
address exploitin selecting the appropriate forwarding list to minimize the energy
consumption, and Imize the design of an energy-efficient OR protocol for wire-less
networks. Howevef, these routing protocols did not address exploiting OR for selecting the
appropriate forwarding list to minimize the energy consumption, and optimize the design of an
energy-efficient OR protocol for wireless networks. Mao et al. [19] introduced an energy-
efficient opportunistic routing strategy called energy-efficient opportunistic routing (EEOR),
which selects a forwarder set and prioritizes them using energy savings optimization solution

of forwarding data to the sink node in WSNs.
While all of these routing methods to improve the energy efficiency of individual node
or the whole network can min-imize energy consumption, it is equally important to focus on
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other objectives such as network lifetime and residual energy of relay nodes. Therefore, it is
reasonable to take residual energy of sensor nodes as a primary metric into consideration.

S o
ource \R e Sink

Fig. 1. Queuing model of relay with maximal transmission range of R and minimal
transmission range dmin

I11. NETWORK AND ENERGY MODELS

In this section, the network model and energy model wil 8
A. Network Model
We consider a multihop WSN in a 1-D i ] gSume
that our scheme is targeted for relatively de node has plenty of
hon of their direct

directed links between
— 1,M} from left to right,

circuitry, and ¢a nergy dissipated in the transmit amplifier. d is the distance between
transmitter and rece@€r, 7 is the channel path-loss exponent of the antenna, which is affected
by the radio frequéncy (RF) environment and satisfies 2 < ¢ < 4. ET denotes the energy
consumption to transmit a B-bit message in a distance d. On the other hand, the energy
consumption of receiver ER can be calculated as follows:

ER = EelecB. (2

In our model, since the noise and environmental factor are constant, only the transmitter can
adjust its transmission power to make ET reach a minimum value.
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IV. OPTIMAL TRANSMISSION SCHEMES

In this section, energy consumption analysis is conducted on the proposed 1-D model,
where data are delivered to sink node through hop-by-hop connected relay nodes. Our
objective is to design an energy-efficient opportunistic routing strategy for each relay node
that ensures minimum power cost and protects the nodes with relatively low residual energy.
Theorem 1 proves the optimal transmission distance dop of sensor node under large-scale 1-D
queue network. In order to minimize Ch, we use the average value mequallty
According to inequality (4), we have L

:amp ]:Z (2:1 - Iﬂ
Cp>(m_NFE. RL i=1

C}rlnin ( ) (2n . 1 elecB 3 Eamp A/I

One way to optimize the overall energy consumptl durln
with respect to hop. We take the first derivative with re

min /0 = 9B jec B — Emp

nt

This global minimum/maximum can be calcul OWs:

(7

Fcond derivative of C;™" with
inimum with respect to the energy

.,L[ — ITh 3 /T
iy = = {(2Betec)/[(T — 1)Eamp]} "
nop (())

Amin < dop LR

eorem 1 is finished. However, Theorem 1 is an ideal model

. However, the distance between optimal next relay node to
source node co t actyally equal to dop. Fig. 3 depicts a realistic environment, where the
optimal next relay node h based on Theorem 1 would possibly be set between two real
relay nodes. To solvg’the problem, we further address Theorem 1 that uses the idea of EEN to
select the optimal next relay nodes.

V. OPPORTUNISTIC ROUTING ALGORITHM FOR RELAY NODE
SELECTION

In this section, we further analyze the energy consumption of large-scale network
under 1-D model.
A. Problem of Optimal Energy Strategy
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In order to acquire the minimum energy consumption during data transmission in
whole network, we introduce the concept of EEN to conduct energy optimal strategy at the
position based on the optimal transmission distance dop. However, the optimal energy strategy
does not explicitly takes care of the residual energy of relay nodes in the network. For
instance, in the case of hop-by-hop transmissions toward the sink node, the relay nodes lying
closer to the EENs tend to deplete their energy faster than the others, since dop is a constant.
As a consequence, this uneven energy depletion dramatically reduces the network lifetime and
quickly exhausts the energy of these relay nodes. Furthermore, such imbalance of energy
consumption eventually results in a network partition, although the

result in (9) and has more ré
candidate, then the networ
candidates rank themselves acc
of each node a

(Ansi = dn) |y + (Brs =)

P(h+i) =
(h+i)eF(h), -R<i<R

(10)

betwfen node h and neighbor node h + i, Eh+i denotes the
{ denotes the value of energy threshold. F(h) (F(h) € N(h))

higher priority

selected as the

corresponding energ¥ saving strategy, which is specifically achieved through the following
opportunistic routing algorithm, called ENS_OR.

C. ENS_OR Algorithm

In this section, we will describe how to select and prioritize the forwarder set using optimal
energy strategy on each node, and how to choose the optimal relay node among potential
forwarders that respond in a priority order. In addition, the transmitted data can be naturally
classified into two categories:1) the former is the collected data of its own; and 2) the latter is
the relay data from other nodes. Obviously, we should distinguish incoming data (the data of
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second category) by tracing the ID of sender. Eventually, we introduce ENS_OR algorithm for
energy saving to select the next relay node which has the highest priority in forwarder set to
forward the incoming ENS_OR algorithm. Algorithm 1 depicts the pseudocode of ENS_OR
algorithm.

V1. PERFORMANCE EVALUATION IN DIFFERENT METRICS

I1. Simulation Scenario Experiments
Simulation Environment: We conduct the simulation experiments using MATLAB with
100 nodes uniformly and independently distributed over a ld ode has the same
frequency B = 1 Mbit/s, and firmware character Eelec and &3 as 50 x 10—9 J/bit
and 100 x 10—12 J/bit/m2, respectively. Path-loss expong : gl 7 is 2. Hence,

changes, dop still will be 31.6 m, without

single hop is 50 m and the initial energy i

Table 1. In this one-source-one-sink to

paper, we ignore the interference among the 2. To fully analyze
the performance of ENS_OR, we compared eRaF and minimum

ality of service (QoS)

1) Average
indic

gtions of residual energy implies the unbalanced energy
r nodes, and lowering SRE is important for the routing

(RPR): RPR is defined as the ratio of the amount of packets
k to the total amount of packets sent by the source. In order to

from the solrce, and eventually results in a good connectivity of the network.

4) First dead node (FDN): We define this metric to evaluate the influence of the network
connectivity. As the first energy exhausted node appears, the probability of network
partition increases, and the connectivity of the network goes bad.

5) Network lifetime (NL): The network lifetime of a 1-D queue network is defined as the
time when the sink is unable to receive packet sent from the source. The network
lifetime is closely related to the energy consumption and network partition. The higher
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the network lifetime is, the more effectively the balance of energy consumption will be
achieved, and the more likely the network partition is going to happen.

41

Packets send via energy saving node

The above fig shows that gackets send from sourc ation ( sink ) via energy
saving relay nodes
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The above fig shows that the throughput comparison between existing method vs
proposed method ( left side shows existing throughput and right side shows proposed
throughput )

X Graph  [Geele o] X Graph
D

Delay x 1003 elay x 108
‘graph/Existing/Defay

B graphiProposediDelay | ., oo

2.2000 ,1 22.0000 n

wasor—| 1] om0 ||}
o [y

') 18.0000 !ll
|
|

1.6000

1.4000

14.0000

|
|

1.2000

10.0000

0.8000

8.0000

0.6000

0.4000

I
|
1.0000 r
J/
|
[

J
#
12.0000 r
|
|
|

[]

0.2000 2.0000:

|
|
|
'\V I ~

0.0000  10.0000  20.0000  30.0000 40.0000 50.0000 0.0000 10,0000 200000 30.0000  40.0000  50.0000

|

|

l 6.0000:
1

\

/

0.0000 [ 0.0000 [

The above fig shows that the d i n exigting od vs proposed
method ( right side shows existing delay and | elay’)
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The above f‘ig shows that the packet loss comparison between existing method vs

proposed method ( right side shows existing packet loss and left side shows proposed packet
loss)

CONCLUSION

In this research focus on minimizing energy consumption and maximizing network
lifetime of 1-D queue network where sensors’ locations are predetermined and unchangeable.
For this matter, knowledge from opportunistic routing theory to optimize the network energy
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efficiency by considering the inferences among sensor nodes in terms of both their distance to
sink and residual energy of each other. This work implement opportunistic routing theory to
virtually realize the relay node when actual relay nodes are predetermined which cannot be
moved to the place according to the optimal transmission distance. This will prolong the
lifetime of the network. Hence, main objective is to design an energy-efficient opportunistic
routing strategy that ensures minimum power is cost and protects the nodes with relatively low
residual energy. Numerous simulation results and real tested results show that the proposed
solution ENS_OR makes significant improvements in energy saving and network partition as
compared with other existing routing algorithms.

In the proposed routing algorithm will be extended
longer network lifetime can be achieved. Apart from th
new energy model include sleep mode will be performegfa
entire network
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