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Introduction 
The recent technological developments of WSNs enable many 

applications in system monitoring and surveillance. However, WSNs 
equipped with non-rechargeable sensors pose significant technical 
challenges [3]. One of the major technical limitations is how to save 
energy while maximizing information throughput, in terms of sending 
packets to the BS with a given success rate and low energy to maximize 
the lifespan. As far as energy awareness is concerned, there are some 
well-known traditional routing protocols as Directed Diffusion [4], 
LEACH, PEGASIS and PEDAP. Although these algorithms increase 
the lifetime of network, but none of them focused on reliable packet 
forwarding, in terms of not giving any guarantee about the packet 
reaching the BS. Thus, in this paper, we propose a new algorithm under 
name HQRA (High Quality of service Routing Algorithm), which is 
able to find minimum energy paths in WSNs by minimizing the energy 
but guaranteeing a given level of reliability, as well. First we briefly 
describe some current routing protocols for the sake of comparing 
them with the proposed HQRA. One of the well spread WSNs 
protocols is LEACH (Low-Energy Adaptive Clustering Hierarchy) [5], 
which a clustering-based protocol that randomly chooses some sensor 
nodes as cluster heads, and other sensor nodes forward packets to the 
nearest cluster head. In this way, LEACH will reduce the number of 
those sensor nodes which communicate directly to the BS, and thus 
reduces the energy consumption. Another protocol called PEGASIS 
was proposed by [6]. In this case, each sensor node has information 
about all sensor nodes so it can send and receive data from neighboring 
nodes [7]. Huseyin Ozgur Tan, Ibrahim Korpeo et al. [8] described data 
routing algorithm named as PEDAP. In PEDAP, all the sensor nodes 
are connected into a minimum spanning tree. The base station can “see” 
any sensor nodes in the network. After some rounds, the BS removes 
dead sensor nodes and recomputed the routing information for the 
network. Thus, compared to LEACH and PEGASIS, PEDAP algorithm 
will reduce the energy consumption by minimizing the transmission 
distance and extend the lifetime of WSNs. Besides the relatively high 
efficiency, these algorithms still have many drawbacks. For example, 
LEACH randomly choose cluster heads, which is very good if the 
cluster heads are close to the BS, but the energy consumption will 
increase if they are far from the BS [9]. While PEDAP focused on using 
Prim’s minimum spanning tree algorithm [10] and it failed to achieve 
high bandwidth utilization [11]. Many authors selected the shortest 
path algorithms for routing [4,12] in order to decrease the cost from 

the source node to the destination but no reliability criteria have been 
met. Thus, our concern is to develop an algorithm to find optimal paths 
with the maximum probability of successful packet reception at the 
BS and to prolong the longevity of the network at the same time. The 
results of the paper are given in the following structure: The model of 
HQRA algorithm is explained in Section 2. The Novel reliable routing 
algorithm to maximize the lifespan is described in Section 3.  A detail 
performance analysis of HQRA is described in Section 4. Finally, we 
provide conclusions and outline the future works in Section 5.

The Model
A possible topology of wireless sensor network is depicted by 

(Figure 1). We assume that a single-source node transfers data to the 
BS through some sensor nodes, which are placed randomly with 2D 
uniform distribution. We assume network has the following properties 
[1,17,18]:

• There is only one BS with a fixed location.

• The energy of BS can be recharged by being connected to an
energy supply network and the BS is able to communicate in
a single-hop with every sensor node in the WSN (even the
furthest ones) by radio.

• The number of sensor nodes is N and they are also stationary
in location;

• Some nodes may do not have enough power to reach the
BS directly, hence multi-hop packet transmission is in use,
where packet forwarding is determined by a routing and an
addressing mechanism

• If necessary, the nodes can organize themselves into a hierarchy 
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where a node at a given level of the hierarchy receive packets 
from nodes at a lower level of the hierarchy.

•	 The direction of communication is Node -  to - BS (the data 
acquired by the sensor nodes must be collected by the BS).

•	 Let us assume that there is a Wireless Sensor Network (WSN) 
perceived as a 2D graph G(V,E) with V represents the set of 
wireless sensor nodes and E set of edges in the network [2].

•	 The probability of successful packet between node i and node j 
is determined by the Rayleigh fading model, given as:
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where ( )nmθ −  is the sensitivity threshold.

( )2 Wzσ  denotes the noise power.

di,j (m) is distance between node i and neighbor node j.

gi(W)is a transmission power on sensor node i, and this 
transmission power can adaptively be changed.

If the energy in sensor nodes is g={g1,….g|V|} the energy distributions 
in the network will be calculated by:
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Novel reliable Routing Algorithm to Maximize the 
Lifespan

In this section we first characterize the network energy state and 
then introduce a new routing algorithm

Characterization of the energy state of the network

The energy state of the network is characterized by introducing an 
entropy-like quantity defined as follows:

	 The energy state of the nodes are denoted by  Gi, i=1,….|V|

   The normalized energies are 

1

,...: ;  1 ,i
i V

j
j

G i V
G

ρ

=

= =

∑
 

  And the corresponding entropy is 

1
( l) g 1o

V

i
i i

H ρ
ρ=

 
 
 

= ∑g  				                   (5)

It is clear that the larger 
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= ∑g   the more evenly the 

energy state is distributed over the sensors. If the lifespan of WSN 
is defined as the time till the first node goes flat, then more uniform 
energy state will maximize the lifespan. As a result, when choosing 
new paths we want to increase H(g) in order to obtain a more evenly 
distributed energy state [13-15].

New routing algorithms

In order to develop a routing algorithm which is energy efficient 
and reliable at the same token, let us firstly recall that the reliability of 
a path (defined as the probability of reaching the BS over the path) is 
given as

1=
∏

M

ij
i

P  					                      (6)

Where M is the number of sensor nodes in the optimal path ( )optℜ . 

Theorem 1: Assuming that WSN perceived as a 2D graph of G (V, 
E)  with a  given transmission vector g then  maximum reliability can 
be achieved by performing the Bellman- Ford algorithm with the link 

measure 
2θσ
−
z

n
i ijg d

.

Proof: When searching for the most reliable path one can write 

.

With the Rayleigh fading model was proposed in Equation (3) we 
have:

        (7)

Note that this optimization function is additive, as a result, the 
optimum can be reached by performing the Bellman-Ford algorithm 
(BF) Q.E.D. It is clear that with the maximum of transmission energy 
(gi) we will get the most reliable path. However, the energy in each 
sensor node is limited, thus our objective is to choose a path which 
provides a pre-defined reliability parameter ( )1 ε− . On the other 
hand, we would like to achieve this pre-defined reliability with smallest 
possible transmission energies needed from the nodes participating in 
the packet transfer from the source node to BS, in order to maximize the 
lifespan of the network. This casts routing as a constrained optimization 
problem by searching for a path when the sum of transmission energies 
are minimal but the given reliability parameter can be achieved. In 
order to solve this problem, we propose the following algorithm:

Figure 1: Multihop communication between sensor nodes and the BS in 
WSNs.
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Energy aware reliable routing algorithm

Assumptions: The energy state of the WSN is represented by vector 
G where components Gi, i=1,….|V| indicate the available energy on 
node i. The transmission energies of the nodes are taken form a discrete 
set { }1,..., , 1,...,∈ ∆ ∆ =i Lg i V  .

Procedure:

1. Let each node select the smallest transmission energy ∆1.

2. Calculate the most reliable path by running the BF algorithm 

with link measure 
2θσ
−
z

n
i ijg d  by

2

( , )
: min θσ

−ℜ
∈ℜ

ℜ ∑ z
opt n

i j i ijg d
.

3.  Check condition
1

1 ε
=

≥ −∏
M

ij
i

P . If it holds the procedure has been 

finished as a reliable path has been found with minimum transmission 
energies. 

4. If not then select Gmin : min
i=1,..,V

Gi   and select the transmission energies 
as 

gi:= Gi - Gmin (in this way each node has the same remaining energy) 

and perform the BF algorithm with 
2θσ
−
z

n
i ijg d  link measures again.

5. Check condition
1

1 ε
=

≥ −∏
M

ij
i

P . If it holds the procedure has 

been finished as a reliable path has been found with uniform remaining 
energies. 

6. If not go back to Step 1.

The optimality of the procedure above lies in the fact that in the 
first step we use minimum transmission energies and then in the later 
iteration of the algorithm we balance the remaining battery power 
on the nodes by always selecting transmission energies which makes 
the remaining energies uniform. Therefore, the “energy-entropy”, 
introduced by (5) and reflecting upon the energy balancing, will 
increase in each step of the algorithm. In this way, the lifetime of the 
network can be maximized. Furthermore, by repeating the steps until 
the given reliability parameter has been reached, we also solve the 
constrained optimization.

The steps of  this algorithm has been demonstrated by the following 
figure. Here the node energies Gi, i=1,….,|V| are indicated near the nodes 
and the reliability parameter (1 - )ε have been chosen as 0.92 (Figure 2) 

Choose the smallest transmission energy by HQRA. By performing the 

BF algorithm with the measure 
2θσ
−
z

n
i ijg d  and using the smallest transmission 

energies, the optimal path is ( )1,5,3,ℜopt BS . Unfortunately, the reliability 

of this path 15 53 3 1
opt

BSP P P ε
ℜ

≤ −∏ . Thus, we needed to increase the 

transmission energy and found the optimal path given in Figure 3 
until fulfill the condition, resulting the path ( )1,2,4,ℜopt BS and we 
will get the new distribution of energy in network were described by 
(Figures 3 and 4). One must note that in this case HQRA algorithm is 
working with the smallest transmission energy in the sensor node and 
this energy saving mode will increase the lifespan (Figure 3). Increase 
the transmission energy when the reliability of optimal path has not yet 
been reached (Figure 4). 

Complexity analysis

 Since the Bellman- Ford algorithm needs O N 3( ) steps and 
the maximum number of times when it iteratively has to run is the 
maximum number of energy levels ∆L, thus the overall complexity in 
terms of the number of steps the algorithm requires for execution is

( )3*∆LO N .   

Numerical Results
In this section we investigate the lifespan of WSN by using the 

proposed routing algorithm. This investigation involves both the 
dynamics of energy consumption and the longevity of WSN according 
to different criteria. To get a deeper insight about the performance we 
compare the results with the PEDAP algorithm.

Performance analysis and numerical results for HQRA 
algorithm

The simulation parameters used in the experiments are indicated 
by Table 1. The aim is to evaluate the lifespan of WSNs containing 
N=30 sensor nodes placed subject to random localization. The fading 

 
Figure 2: Choose the smallest transmission energy by HQRA.

Figure 3: Increase the transmission energy when the reliability 
of optimal path has not yet been reached.

 
Figure 4:The new energy distribution when the reliability of the path has 
been reached.
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parameters were set as 210θ −= ; noise energy 0.1σ = ; propagation 
parameter 2α = . The smallest energy step to increase the transmission 
energy in each sensor node 10( )g Jµ∆ = . Each time there is a randomly 
selected source node to transmit packet to the BS. The distance from 
SN to the BS may be too far so the SN cannot transfer directly to the 
BS, but it will transmit data from SN to the BS in a multi-hop manner, 
through M sensor nodes (1<M<N). 

A sensor node is considered to be dead if its energy is smaller than 
the smallest transmission energy. In this case the threshold of energy 
we set n=100(µJ).  The lifetime is defined as the time from the network 
starting information transmission to the first sensor node died (Figure 
5 and Table 1). The graphs in (Figures 5 and 6) depicted the optimal 
paths by PEDAP and HQRA algorithm. The results of these algorithms 
can be seen very clearly in Table 2. With the same source node and the 
smallest transmission energy, HQRA algorithm gives higher values of 
the probability of successful packet transfers than PEDAP (Figure 7) 
describes the residual energy in each sensor node in the case of running 
the PEDAP and HQRA algorithms. One can see that HQRA algorithm 
achieves the same level of energy in each sensor node. It implies that 
all sensor nodes died at approximately the same time and there were 

no more residual energy in the network when this network stopped 
working. This also means that HQRA algorithm used most of energy 
in each sensor node in order to maximize the lifetime of the network 
and after the death of the network there is no remaining latent energy. 
In Figure 7, the number of working rounds in “hot spot” (sensor node 
1) is depicted. One can see that PEDAP provides an approximate 1.74 
times smaller working rounds than HQRA. The results indicated that 
sensor node 1 lost its energy at a higher rate and died much faster than 

Figure 5: The optimal path obtained by PEDAP algorithm.

 

Figure 6: The optimal path obtained by HQRA algorithm with the source 
node is sensor node 1.

 
Figure 7: The energy consumption in each sensor node by PEDAP and 
HQRA algorithm.

Parameters name Value
Network size 100 m × 100 m
Number of sensor nodes N 30
Node distribution Uniform distribution
Threshold  Reliability of Networks 1 0.92ε− =
Threshold 210θ −=
Noise energy 0.1σ =
The smallest transmission energy 10( )g Jµ∆ =
Initial energy in each sensor node

0 10000( )iG G Jµ= =

Energy threshold for a dead node 100( )Jη µ=

elecE  
50 (nJ/bit)

The transmit amplifier ampE 100 (pJ/bit/m2)

Packet size k 5000 (bits)

Table 1: The simulation parameters.

Source
Node

PEDAP Algorithm HQRA Algorithm
Weight Probability Weight Probability

1 139.16 0.850 130.42 0.863
2 121.68 0.877 118.45 0.879
3 51.57 0.940 50.02 0.942
… … … … …
27 136.42 0.871 132.75 0.897
28 57.44 0.944 52.46 0.950
29 82.78 0.906 80.06 0.915

Table 2: The Results of PEDAP and HQRA Alogorithm.
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others. One of the most important methods to prolong the lifetime of 
the network is balancing the energy consumption in each sensor node 
[16]. As seen, by the PEDAP algorithm, after 681 rounds of working, 
the energy in sensor node 1 ran out of energy while the levels of energy 
in other sensor nodes (node 2, node 3…) were still very high. Entropy 
maximization method overcomes this limitation, HQRA algorithm has 
better energy balancing in each sensor node. In the Figure 8, we can see 
the comparison of energy balancing among sensor nodes. All the sensor 
node in HQRA algorithm used up almost all their energies in order to 
prolong the lifespan, while in PEDAP algorithm, there were just one 
or two sensor nodes which ran out of energy before the WSNs went 
dead. In Figure 9, the number of rounds until the first node is shown 
in the case of PEDAP vs. HQRA under the same reliability condition. 
One more time we can see that HQRA algorithm got the maximum 
lifespan of the network in all the cases. In this case, we measured 
reliability as the ratio of the number of successful packets received 
at the BS vs. the total number of packets sent from source nodes. In 
Figure 10, we increased the number of sensor nodes (N=30, 50, 75, 
100) in the same network area (100 m × 100 m) and measured the 
network reliability of all algorithms which is also increased. Along all 
the paths the probability of successful packet transfers were calculated 
by the Equation 3. And the optimal paths were selected on the basis 
of their probability are higher than ( )1 ε− . It is clear that the network 
reliabilities achieved by the HQRA algorithm is higher than the ones 
achieved by PEDAP, in all cases (Figure 10).  To test the effectiveness 
of the HQRA algorithm, we run the simulation when increasing the 
reliability threshold 1 0.6 0.99ε− = →  and then checked the change 
of lifespan of networks. Naturally, we found that the higher the 

reliability threshold, the higher the energy consumption will become 
that reduces the lifetime of networks. The results are shown in Figure 
11 in details. However, the HQRA algorithm proves to be superior in 
terms of having the longest lifetime. 

Conclusions
In this paper we proposed a new High Quality of Service Routing 

Algorithm for WSNs, which finds the minimum energy path from the 
source node to the BS and achieves a predefined level of reliability. The 
proposed method can run in polynomial complexity with respect to 
the number of nodes, by recursively using the Bellman-Ford algorithm. 
The new algorithm proved to be far more energy efficient, and thus 
improving the lifetime of WSNs, than other algorithms. Our numerical 
results also demonstrated that in the case of other algorithms, when 
the first sensor node dies the network structure does not remain stable 
and the network energy consumption increases dramatically. As a 
result, the network quickly ceased to operate any longer because all the 
nodes became dysfunctional and run out of energy. The new algorithm 
can solve this problem by balancing the energy consumption on each 
sensor node.

 
Figure 9: Comparisons of lifetime between PEDAP and HQRA algorithm.

 
Figure 10: The Network reliability with different of network size.

 
Figure 11: The Network reliability when changing the threshold reliability of 
networks.

 
Figure 8: Comparing the energy consumption in all sensor nodes separately.



Volume 4 • Issue 2 • 1000133J Inform Tech Softw Eng
ISSN: 2165-7866 JITSE, an open access journal

Citation: Levendovszky J, Thai HN (2015) Quality-of-Service Routing Protocol for Wireless Sensor Networks. J Inform Tech Softw Eng 4: 133. 
doi:10.4172/2165-7866.1000133

Page 6 of 6

References

1. Levendovszky J, Olah A, Treplan G, Thanh LT  (2011) Reliability-Based 
Routing Algorithms for Energy-Aware Communication in Wireless Sensor
Networks. Performance Models and Risk Management in Communications
Systems. - Springer Optimization and Its Applications 93-126.

2. Zhou H, Wu H, Xia S, Jin M, Ding N (2011) A Distributed Triangulation Algorithm 
for Wireless Sensor Networks on 2D and 3D Surface. - National Science Foun-
dation under Award Number CNS-1018306.

3. Hu Z, LI (2004) Fundamental performance limits of wireless sensor networks.
Ad Hoc and Sensor Networks 81-101.

4. Intanagonwiwat C, Govindan R, Estrin D, Heidemann J, Silva F (2003) Directed 
diffusion for wireless sensor networking. IEEE/ACM Trans. Netw 11: 2-16.

5.  Heinzelman WR, Ch A, Balakrishnan H (2000) Energy-efficient communication 
protocol for wireless microsensor networks.  Proceedings of the 33rd Hawaii
International Conference on System Sciences.

6. Cauligi CA, Lindsey S, Raghavendra CS, Raghavendra CS (2002) Pegasis:
Power-efficient gathering in sensor information systems. Journal IEEE 
Transactions on Parallel and Distributed Systems archive 13: 924-935. 

7. Kalpakis K, Dasgupta K, Namjoshi P (2003) “Efficient algorithms for maximum 
lifetime data gathering and aggregation in wireless sensor networks”. Computer 
Networks 42: 697-716. 

8. Tan HO,   Gcaron lu IK (2003) Power efficient data gathering and aggregation 
in wireless sensor networks-SIGMOD Rec. 32: 66-71. 

9. Liu X, Wang Q, Jin X (2008) An Energy-efficient Routing Protocol for Wireless 
Sensor Networks. Proceedings of the 7th World Congress on Intelligent Control 
and Automation June 25-27, Chongqing, China 1728-1733.

10.	John JT, Jino Ramson SR (2013) Energy-Aware Duty Cycle Scheduling for
Efficient Data Collection in Wireless Sensor Networks.  International Journal of 
Advanced Research in Computer Engineering and Technology (IJARCET)- 2

11. Priyadharshini N, Subasree S (2011) Performance anylysis of routing protocols 
in wireless sensor. Journal of Theoretical and Applied Information Technology
32:179-188

12.	Hosseingholizadeh A, Abhari A (2009) A neural network approach for wireless
sensor network power management Proc. 28th IEEE Inter. Symp. on Reliable
Distributed Systems, Niagara Falls, NY, USA.

13.	Tariq Ab, Arefin MDS (2012) Developing a mathematical model for cooperative 
MIMO communication at wireless sensor network.

14.	Ahmed I, Peng M, Wang W (2008) Exploiting Geometric Advantages of 
Cooperative  Communications for Energy Efficient Wireless sensor networks. I. 
J Communications, Network and System Sciences 1: 55-61.

15.	Arfken G (1985) Mathematical Methods for Physicists, 3rd ed- Orlando, FL: 
Academic Press 33-37 and 47-51.

16.	Yu Y, Govindan R, Estrin D (2001) Geographical and Energy Aware Routing: 
a recursive data dissemination protocol for wireless sensor networks. UCLA
Computer Science Department Technical Report UCLA/CSD-TR-01-0023

17.	Levendovszky J, Treplan G, Thanh LT (2010) Energy Efficient Reliable 
Cooperative Multipath Routing in Wireless Sensor Network .World Academy of 
Science, Engineering and Technology 44.

18.	Levendovszky J, Thanh LT, Treplan G, Gabor Kiss (2010) Fading-aware 
reliable and energy efficient routing in wireless sensor networks, Computer 
communications 33: 102-109.

http://realtime.springer.com/doi/10.1007/978-1-4419-0534-5_5
http://realtime.springer.com/doi/10.1007/978-1-4419-0534-5_5
http://realtime.springer.com/doi/10.1007/978-1-4419-0534-5_5
http://realtime.springer.com/doi/10.1007/978-1-4419-0534-5_5
http://www.cacs.louisiana.edu/~wu/paper/triangulation-infocom11.pdf
http://www.cacs.louisiana.edu/~wu/paper/triangulation-infocom11.pdf
http://www.cacs.louisiana.edu/~wu/paper/triangulation-infocom11.pdf
http://iqua.ece.toronto.edu/~bli/papers/limits.pdf
http://iqua.ece.toronto.edu/~bli/papers/limits.pdf
http://www.isi.edu/~johnh/PAPERS/Intanagonwiwat02b.pdf
http://www.isi.edu/~johnh/PAPERS/Intanagonwiwat02b.pdf
http://pdos.csail.mit.edu/decouto/papers/heinzelman00.pdf
http://pdos.csail.mit.edu/decouto/papers/heinzelman00.pdf
http://pdos.csail.mit.edu/decouto/papers/heinzelman00.pdf
http://ceng.usc.edu/~raghu/pegasisrev.pdf
http://ceng.usc.edu/~raghu/pegasisrev.pdf
http://ceng.usc.edu/~raghu/pegasisrev.pdf
http://www.sciencedirect.com/science/article/pii/S1389128603002123
http://www.sciencedirect.com/science/article/pii/S1389128603002123
http://www.sciencedirect.com/science/article/pii/S1389128603002123
http://dl.acm.org/citation.cfm?id=959072
http://dl.acm.org/citation.cfm?id=959072
http://ijarcet.org/wp-content/uploads/IJARCET-VOL-2-ISSUE-2-777-783.pdf
http://ijarcet.org/wp-content/uploads/IJARCET-VOL-2-ISSUE-2-777-783.pdf
http://ijarcet.org/wp-content/uploads/IJARCET-VOL-2-ISSUE-2-777-783.pdf
http://www.jatit.org/volumes/Vol32No2/10Vol32No2.pdf
http://www.jatit.org/volumes/Vol32No2/10Vol32No2.pdf
http://www.jatit.org/volumes/Vol32No2/10Vol32No2.pdf
https://www.cse.buffalo.edu/srds2009/dncms2009_submission_Hosseingholizadeh.pdf
https://www.cse.buffalo.edu/srds2009/dncms2009_submission_Hosseingholizadeh.pdf
https://www.cse.buffalo.edu/srds2009/dncms2009_submission_Hosseingholizadeh.pdf
http://www.cyberjournals.com/Papers/Nov2012/03.pdf
http://www.cyberjournals.com/Papers/Nov2012/03.pdf
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=15#.VOXW3G2971U
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=15#.VOXW3G2971U
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=15#.VOXW3G2971U
http://abaconi.com/library/a/arfken-mathematical-methods-for-physicists-pdf-manual.pdf
http://abaconi.com/library/a/arfken-mathematical-methods-for-physicists-pdf-manual.pdf
http://www.sciencedirect.com/science/article/pii/S0140366410003130
http://www.sciencedirect.com/science/article/pii/S0140366410003130
http://www.sciencedirect.com/science/article/pii/S0140366410003130

	Corresponding author
	Abstract 
	Keywords
	Introduction
	The Model 
	Novel reliable Routing Algorithm to Maximize the Lifespan 
	Characterization of the energy state of the network 
	New routing algorithms 
	Energy aware reliable routing algorithm 
	Complexity analysis 

	Numerical Results 
	Performance analysis and numerical results for HQRA algorithm 

	Conclusions 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Table 1
	Table 2
	References 

