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Abstract: Recent advancements in microelectronic and wireless communications introduce a novel 
technology with a wide range of real-time applications called Wireless Sensor Network. Wireless 
sensor network is used in various types of applications such as environmental monitoring, temperature 
measurement, air pressure control and etc. the mentioned network consisting of large number of nodes 
that are distributed in open and dangerous environments. There are two important factors named 
reliability and lifetime in wireless sensor network that can be counted as the main challenges in routing 
issue. So using algorithms which can improve reliability and lifetime parameters in such as networks is 
necessary. In this paper, we proposed a hybrid algorithm which relates to the reliability and network 
lifetime enhancement. Simulation results in MATLAB software demonstrate that the mentioned 
algorithm has a substantial improvement in compare with its previous counterparts.  
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INTRODUCTION 
 

Many wireless sensor networks (WSNs) have been designed in recent years that have concentrated serious 
attention. This fact is originated from the rapid advances in wireless communication and integrated circuits 
(Akyildiz et al., 2002; Ren et al., 2008). Wireless sensor network consists of a large number of tiny sensor 
nodes. The main responsibility of such networks is to collect sensed information from environment and send 
them back to sink to be processed (Hassanein and Luo, 2006). Common applications of wireless sensor 
networks are industrial controlling, target tracking, traffic flow monitoring, environmental monitoring and 
military services (Baoshu and Hui, 2010; Jiang et al.,2009). 

A lot of routing protocols for wireless sensor networks currently exist in the literature. Furthermore, there 
are numerous papers in providing quality of service routing. Up to now, most routing protocols existing in 
wireless sensor networks consider only energy efficiency and few results show real-time requirements (Yuan et 
al., 2007; Al-karaki and Kamal, 2004). Real-time routing protocols have time restriction which is so important 
parameter to be considered in routing modeling (Ahmed and Fisal, 2008). Real-time communication is 
necessary in many mission-critical applications of wireless sensor networks such as target tracking in battlefield 
environments, emergent event triggering in monitoring applications, fire fighting and etc  (Yuan et al., 2007; 
Ahmed and Fisal, 2008; Akkaya and Younis, 2003) .In such applications, reliability and on time delivering of 
sensing information has an important role in succeeding the mission because in such functions delay cause huge 
damages in network (Ahmed and Fisal, 2008; Felemban et al., 2006). 

While some quality of service studies such as (Felemban et al., 2006), (Razzaque et al., 2006) focus on 
several quality of service requirements some other studies like (Lu et al., 2002), (Lim and Gurusamy, 2005), 
(Chang and Tassiulas, 2004) investigate only one quality of service requirement such as reliability, timeliness 
and energy efficiency (Felemban et al., 2006). If single path routing strategies are used, only delay restriction is 
guaranteed, hence, if multipath routing strategies are used, reliability can also be provided (Houngbadji and 
Pierre, 2010).  

In this paper, a hybrid algorithm is proposed where both energy efficiency and reliability restrictions are 
considered in quality of service routing. In presented method energy efficiency relates to the network lifetime 
improvement. The rest of the paper is organized as follow: Section II discusses some of the related works and 
section III describes the main idea of the proposed algorithm. In section IV, the simulation results are illustrated 
and finally section V concludes the paper. 
 
Related Work: 

This section presents a review for the existing quality of service routing protocols which are used in 
wireless sensor networks (Houngbadji and Pierre, 2010).  

Distributed aggregate routing algorithm (DARA) has been presented in (Razzaque et al., 2006) for probable 
quality of service in wireless sensor networks. DARA guarantees reliability, delay and energy efficiency 
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parameters. It introduces two types of packets that may have various qualities: time-critical (TC) and non time-
critical (NTC). For delay estimation, two priority queues are set aside. The highest priority queue is set aside for 
TC packets. TC packets are sent through the shortest path whereas NTC packets are delivered from a longer 
one. For the TC and NTC packets, most adaptable forwarding nodes are selected towards each sink. The main 
purpose is to forward data packet to a downstream node which has the maximum aggregate weight. Aggregate 
weight is defined as the sum of the parameters including higher progress speed, lower delay and higher 
remaining energy (Razzaque et al., 2006; Djenouri and Balasingham, 2010)   

Multi-constrained multipath (MCMP) routing (Huang and Fang, 2007) prepares soft-QoS to various packets 
in sensor networks. Multipath is applied between both source and sink for providing quality of service. MCMP 
formulates the problem of the end-to-end soft-QoS in an analytical technique which relates to the problem 
solving (Razzaque et al., 2006; Houngbadji and Pierre,2010; Huang and Fang, 2007; Yahya and Ben-Othman, 
2009).     

SPEED (He et al., 2005) is a stateless protocol in wireless sensor network that provides soft       real-time end-
to-end guarantee. In this protocol, routing based on one-hop neighbor information (Rezayat et al., 2010). Each 
sensor node keeps information of its neighbor and uses geographic forwarding to detect th e paths. Three kinds 
of real-time communication services named unicast, area-multicast and area-anycast are used. SPEED notes to a 
desired delivering speed in a way that it has less attention to the residual energy of nodes and reliability factor 
(Yuan et al., 2007; Felemban et al., 2006; He et al., 2005 ). 

MMSPEED (Felemban et al., 2006) is a developed SPEED that provides both of timeliness and reliability 
requirements, that the routing is based on the geographic forwarding and sum of end-to-end reaching 
probability. For on time delivery of packets, MMSPEED supports multiple packet delivery speed options. 
Different reliability requirements are used by probabilistic multipath forwarding(Razzaque et al., 2006; 
Houngbadji and Pierre,2010). 
 
Proposed Algorithm: 

Resource constraints and reliability are two important challenges in real-time routing in wireless sensor 
networks. In order to prolong network lifetime, energy consumption must be balanced in all of sensor nodes and 
shouldn’t be a subset of nodes which consume more energy. Therefore network lifetime by balancing energy 
consumption increases.  

In this paper, a hybrid solution for routing process with balanced energy consumption to increase reliability 
is presented. Proposed method is a combination of two algorithms, one of them is based on genetic and the other 
one saves previous routes that have more reliability. We give a weight for each parameter according to its 
importance and iterate the algorithm along various generations which relates to obtaining a route that has little 
energy consumption and more reliability. Then, we maintain the routes with little energy consumption and more 
reliability which will be used in future routings. If the current routes fail in the future routings, we will search 
other routes by means of genetic algorithm. Here, for achieving favorite energy consumption and reliability, we 
should give a weight to these services to gain a route with mentioned conditions to send the aggregated data to 
sink through nodes, and by decreasing energy consumption, increase network lifetime.    

Here, it is assumed that all nodes are static and have unique ID and different chromosomes are used in 
genetic algorithm, here a chromosome would be a route from source to destination and each chromosome 
consists of genes that make up the nodes. Each node's features include reliability and energy consumption. First 
feature shows the reliability of each link and the second feature depends on the distance among nodes, the 
shortest distance relates to least energy consumption which increase real-time network lifetime. 

Genetic algorithm maintains a unique population that shows the effectiveness of solution on the problem. 
This population keeps reproducing until search operation end. In each generation, used operations are unique to 
change generation and all the initial population is randomly generated and we use crossover and mutation as 
genetic operators. As mentioned before, our initial population is randomly generated and then we perform 
crossover and mutation operator on the initial population. For this we use two parent's chromosomes for 
crossover operator and then we perform the operator and 4 chromosomes will be obtained. We get the fitness 
function and use two chromosomes which have the most fitness function as next generation. Also, for mutation 
operator we use two chromosomes. The number of next population will be twice initial population. We should 
decrease the number of new population to be equal of initial population   by calculating the fitness function for 
each chromosome and then sort them in descending order, and we choose the first half of new population for 
next generation. 

If we assign a weight to every service, fitness function will be as follows: 
 

         

 
Where Ws show the assigned weight of each quality of service, energy consumption and reliability are 

values of energy consumption and reliability of sensor nodes respectively. Regular sensor nodes use a fixed 
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transmission power for all transmissions. The probability of successful packet transmission over a path, 
intermediate nodes is given by 

 

.       

 
Where the indices 0 and N correspond to the source and the sink, respectively. 
Sometimes, because of crossover and mutation operators, fitness function may be more than threshold, so 

we must use penalty function. We use 80 nodes as initial population and crossover and mutation rating 8% and 
85%, respectively, and 7% of the initial population is used to avoid the turbulence of generation. To compare 
with the Algorithms )Razzaque et al., 2006), we use 80 nodes as the number of genes from equal nodes that 
increase network lifetime due to energy consumption decreasing. Then, 0.1 of total optimum routes are saved 
for future usages. When there is a demand for route, we can use mentioned saved routes. Saved routes are in 
demand to decrease energy consumption and prolong network lifetime when previous routes have link failure or 
node failure. In this case when data is lost, we use buffer to restore it. Source sends data, if it is true, the receiver 
node stores it in its buffer otherwise if a link failed, other routes are used. In such conditions there is no need for 
data forwarding from source which result to the energy consumption decreasing.  
 
Evaluation The Proposed Algorithm: 

In this section, we evaluate the performance of our proposed algorithm in MATLAB software. The general 
simulation environment is mainly drawn from (Felemban et al., 2006) for fair comparison and summarized in 
Table 1. 

The obtained results are compared with the presented algorithms in )Razzaque et al., 2006). Results 
demonstrate that hybrid algorithm in terms of reliability and network lifetime is more efficient. Figure 1 Graph 
demonstrates the reliability improvement in various iterations. 
 
Tabel 1: Simulation Environment Settings. 

Bandwidth 200Kpbs 
payload 30bytes 
Terrain 200m*200m 
Node number 100 
Node placement random 
Radio Range 40m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 1: Reliability in every iteration of proposed algorithm. 
 

And, figures 2, 3, 4 show network lifetime according to initial value of )Razzaque et al., 2006), we used 
constant values of 5,   10  , 15 Jules. 
 

Compared results with the proposed algorithm in (Razzaque et al., 2006) have been shown in Table 2. 
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Table 2: Comparison of proposed algorithm with the existing algorithms. 

 
Initial node energy in joule 

Reliability 
5 joule 10 joule 15 joule 

MMSPEED 80 90 120 0.82 
MCMP 90 100 150 0.71 
DARA 160 210 400 0.95 
proposed 212 295 465 0.985 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: network lifetime for initial node energy in joule=5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: network lifetime for initial node energy in joule=10. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: network lifetime for initial node energy in joule=15. 
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Conclusion: 
In this paper, we proposed a routing algorithm for real-time wireless sensor networks using a hybrid 

algorithm that can increase reliability and network lifetime criterions. The results are compared with the 
presented algorithm in (Razzaque et al., 2006) applying the same conditions. Results demonstrate that the 
proposed algorithm in terms of reliability and network lifetime is more efficient. 
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