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ABSTRACT 

 

 Sleep–wake scheduling is an valuable mechanism to extend the lifetime of these 

energy-controlled wireless sensor networks. Conversely, sleep–wake scheduling might result 

in significant delays because a transmitting node needs to wait for its next-hop relay node to 

wake up. We are paying attention in reducing the delay and maximizing the lifetime of event-

driven wireless sensor networks for which actions take place occasionally. To reduce these 

delays by rising “anycast”-based packet forwarding schemes, where each node 

opportunistically forwards a packet to the first adjacent node that wakes up among multiple 

candidate nodes. In this paper, we study how to optimize the anycast forwarding schemes for 

minimizing the predictable packet-delivery delays from the sensor nodes to the sink. Based 

on this result, how to optimally manage the system parameters of the sleep–wake scheduling 

protocol and the anycast packet-forwarding protocol to maximize the network lifetime, 

focusing to a limitation on the predictable end-to-end packet-delivery delay for provide a 

solution to the joint control problem. Final work results indicate that the proposed solution 

can outperform prior heuristic solutions in the literature, mainly under practical scenarios 

where there are obstructions, e.g., coverage area of the wireless sensor network. 
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INTRODUCTION 

In Modern world, advances technology in wireless sensor networks have resulted in a 

unique capability to remotely sense the environment. These systems are often deployed in 

remote or hard-to reach areas. Hence, it is critical that such networks operate unattended for 

long durations. Therefore, extending network lifetime through the efficient use of energy has 

been a key issue in the development of wireless sensor networks. In this paper, we will focus 

on event-driven asynchronous sensor networks, where events occur once in a blue moon. 

Sensor networks and has many applications such as environmental monitoring, intrusion 

detection, etc. In such systems, there are four main sources of energy consumption: 

 Energy required to keep the communication radios   on 

 Energy required for the transmission and reception of control packets  

  Energy required to keep sensors on  

 Energy required for actual data transmission and reception 

Sleep–wake scheduling becomes an effective mechanism to prolong the lifetime of 

energy-constrained event-driven sensor networks. When there are no events while the nodes 
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to be sleep, the energy consumption of the sensor nodes can be significantly reduced. Various 

kinds of sleep–wake scheduling protocols have been proposed in the literature. Synchronized 

sleep–wake scheduling protocols have been proposed in [1]-[5]. On-demand sleep–wake 

scheduling protocols have been proposed in [6] and [7]. In this paper, we are interested in 

asynchronous sleep–wake scheduling protocols such as those proposed in [8]–[10]. Prior 

work in the literature has proposed the use of anycast packet-forwarding schemes to reduce 

this event reporting delay [11]–[13]. 

In this paper, we address these challenges. We first investigate the delay-minimization 

problem: given the wakeup rates of the sensor nodes, how to optimally choose the anycast 

forwarding policy to minimize the expected end-to-end delay from all sensor nodes to the 

sink. We develop a low-complexity and distributed solution to this problem. We then 

formulate the lifetime maximization problem: given a constraint on the expected end-to-end 

delay, how to maximize the network lifetime by jointly controlling the wake-up rates and the 

anycast packet-forwarding policy.  

We show how to use the solution to the delay-minimization problem to construct an 

optimal solution to the lifetime-maximization problem for a specific definition of network 

lifetime. We can view the lifetime of an event-driven sensor networks as consisting of two 

phases: the configuration phase and the operation phase. When nodes are deployed, the 

configuration phase begins, during which nodes optimize the control parameters of the 

anycast forwarding policy and their wake-up rates. It is during this phase that the 

optimization algorithms discussed above will be executed. In this phase, sensor nodes do not 

even need to follow asynchronous sleep-wake patterns. After the configuration phase, the 

operation phase follows. In the operation phase, each node alternates between two sub-

phases, i.e., the sleeping sub-phase and the event-reporting sub-phase. In the sleeping sub-

phase, each node simply follows the sleep-wake pattern determined in the configuration 

phase, waiting for events to occur. Note that since we are interested in asynchronous sleep-

wake scheduling protocols, the sensor nodes do not exchange synchronization messages in 

this sleeping sub-phase. Finally, when an event occurs, the information needs to be passed on 

to the sink as soon as possible, which becomes the event-reporting sub-phase. It is in this 

event reporting sub-phase when the anycast forwarding protocol is actually applied, using the 

control parameters chosen during the configuration phase. 

The rest of this paper is organized as follows. In Section II, we describe the system model 

and introduce the delay minimization problem and the lifetime-maximization problem that 

we intend to solve. In Section III, we develop a distributed algorithm that solves the delay-

minimization problem. In Section IV, we solve the lifetime-maximization problem using the 

preceding results. In Section V, we provide simulation results that illustrate the performance 

of our proposed algorithm compared to other heuristic algorithms in the literature. 

 

 

 

 

 

 

 

Fig.1: System Model 
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SYSTEM MODEL 

a) Network Module 

Client-server computing or networking is a distributed application architecture that 

partitions tasks or workloads between service providers (servers) and service requesters, 

called clients. Often clients and servers operate over a computer network on separate 

hardware. A server machine is a high-performance host that is running one or more server 

programs which share its resources with clients. A client also shares any of its resources; 

Clients therefore initiate communication sessions with servers which await (listen to) 

incoming requests. 

b) Target Anycast Distribution 

We start by defining the objective of our measurement process. Assume that each user 

spends a random amount of time in the system, where the lifetime of joining users is drawn 

from some distribution. This is similar to the heterogeneous churn model proposed goal of 

the sampling process is to estimate with as much accuracy as possible function. The 

measurement process is assumed to have periodic access to the information about which 

users are currently present in the system. This process allows the sampler to test whether a 

given user is still alive as well as discover the entire population of the system at any time.  

However, due to bandwidth and Connection-delay constraints on obtaining this 

information, the sampling process cannot query the system for longer than or more frequently 

than once per time units, where usually varies from several minutes to several hours 

depending on the speed of the crawler and network size. 

c) Sleep-Wake Scheduling 

In such systems, most of the energy is consumed when the radios are on, waiting for an 

arrival to occur. Sleep-wake scheduling is an effective mechanism to prolong the lifetime of 

these energy-constrained wireless sensor networks. However, sleep-wake scheduling could 

result in substantial delays because a transmitting node needs to wait for its next-hop relay 

node to wake up. An interesting line of work attempts to reduce these delays by developing 

anycast based packet forwarding schemes, where each node opportunistically forwards a 

packet to the first neighboring node that wakes up among multiple candidate nodes.  

Based on this result, we then provide a solution to the joint control problem of how to 

optimally control the system parameters of the sleep-wake scheduling protocol and the 

anycast packet-forwarding protocol to maximize the network lifetime, subject to a constraint 

on the expected end to end packet-delivery delay. We assume that the sensor network 

employs sleep-wake scheduling to improve energy efficiency. We first introduce a basic 

sleep-wake scheduling protocol as follows.  

For ease of exposition, in this basic protocol we assume that there is a single source that 

sends out event-reporting packets to the sink. This is the most likely operating mode because 

when nodes wake up asynchronously and with low duty-cycles, the chance of multiple 

sources generating event-reporting packets simultaneously is small. 

d) Network Lifetime Energy Efficiency  

Optimize the any cast forwarding schemes for minimizing the expected packet-delivery 

delays from the sensor nodes to the sink. Based on this result, we then provide a solution to 

the joint control problem of how to optimally control the system parameters of the sleep-

wake scheduling protocol and the anycast packet-forwarding protocol to maximize the 

network lifetime, subject to a constraint on the expected end to end packet-delivery delay. 
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Now introduce the Network energy efficient, performance metric, the network lifetime, and 

the corresponding lifetime-maximization problem.  

Note that implicitly in this definition of lifetime we have chosen not to account for the 

energy consumption by data transmission. As mentioned in the introduction, this is a 

reasonable approximation for event-driven sensor networks in which events occur very rarely 

because the energy consumption of the sensor nodes is dominated by the energy consumed 

during the sleep-wake scheduling. We study the lifetime-maximization problem to optimally 

control the sleep-wake scheduling policy and the any cast policy, in order to maximize the 

network lifetime subject to a upper limit on the expected end-to-end delay.  

Our numerical results suggest that the proposed solution can substantially outperform prior 

heuristic solutions in the literature under practical scenarios where there are obstructions in 

the coverage area of the wireless sensor network. 

 

ANYCAST POLICY OF END-TO-END DELAYS 

In this section, we consider how each node should choose its anycast policy to minimize 

the delay , with the awake probabilities .The delay-minimization problem is an instance of 

the stochastic shortest path (SSP) problem [14, ch. 2], where the sensor node that holds the 

packet corresponds to the “state,” and the delay corresponds to the “cost” to be minimized. 

The sink then corresponds to the terminal state, where the cost (delay) is not incurred 

anymore. The expected one-hop delay at node under the anycast policy ,the expected delay 

from the time the packet reaches node to the time it is forwarded to the next-hop node.  

In this section, we solve the delay minimization problem using a Dynamic Programming 

approach. Our key contribution is to exploit the inherent structure of the problem to greatly 

reduce the complexity of the solution. We start with the relationship between the delays of 

neighboring nodes. 

 

Algorithm 1 :Sensor nodes 

 

Begin  

Ready to send data 

 If (File Is Attached) 

 Send Data Packet 

 Else 

 Not Send The Data Packet 

 End If 

Transfer Based Packet Without Loss Of Packet 

Improve The Lifetime 

End 

 

Algorithm 2 : Sensor nodes 

 

p←0 

setTimer(T1) 

setTimer(T2) 

loop 

   e ← waitForEvent() 
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   if e = DATA.RECEIVED then 

     pn ← getData Received() 

     if pn > p then 

         p ← update(p, pn) 

     endif 

 else if e = TIMER.EXPIRED then  

    t ← get Timer() 

    if t = T1 then  

       sendBroadcast(p) 

    else {t = T2} 

       p ← max(0, p-1) 

    end if 

 end if 

end loop 

 

IMPROVING THE NETWORK LIFETIME 

In the previous section, we solved the delay-minimization problem. In this section, we use 

the result to develop a solution to the lifetime-maximization problem. The lifetime and the 

awake probability have a one-to-one mapping. We can develop an efficient binary search 

algorithm (see the Binary Search Algorithm that follows) for computing the optimal value. 

In this section, we provide simulation results to compare the performance of the optimal 

anycast algorithm and the following algorithms such that, For comparison, we have 

developed a heuristic hop-counting algorithm that exploits the hop count (the minimum 

number of hops to reach the sink) of neighboring nodes to reduce the end-to-end delay. 

A.   Existing Algorithms Proposed in the Literature 

In this subsection, we review some existing algorithms that we will compare with our 

optimal algorithm. 

1) Normalized-latency Anycast Algorithm: The normalized latency algorithm proposed in 

[15] is an anycast-based heuristic that exploits geographic information to reduce the delay 

from each node. 

 

    2)  Naive Anycast Algorithm: The naive algorithm proposed in [15] is also an anycast-

based  heuristic algorithm that exploits geographic information. Under this algorithm, each 

node includes all neighboring nodes with positive progress in the forwarding set. 

 

3)   Deterministic Routing Algorithm: By deterministic routing, we mean that each node 

has only one designated next-hop forwarding node. Therefore, deterministic routing can be 

viewed as a special case of anycast, in which the size of the forwarding set at each node is 

restricted to one. 
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Fig 2: Data Flow Design 

 

CONCLUSION 

In this paper, we develop an anycast packet-forwarding scheme to reduce the event-

reporting delay and to prolong the lifetime of wireless sensor networks employing 

asynchronous sleep–wake scheduling. Exclusively, we study two optimization problems. 

First, when the wake-up rates of the sensor nodes are given, we develop an efficient and 

distributed algorithm to minimize the expected event-reporting delay from all sensor nodes to 

the sink. Second, using a specific definition of the network lifetime, we study the lifetime-

maximization problem to optimally control the sleep–wake scheduling policy and the anycast 

policy in order to maximize the network lifetime subject to an upper limit on the expected 

end-to-end delay. Our final results advise that the proposed solution can significantly better 

prior heuristic solutions in the literature under practical scenarios where there are obstructions 

in the coverage area of the wireless sensor network. Finally we reducing the delay and 

maximizing lifetime of wireless sensor network. For future work, we plan to generalize our 

solution to take into account distance based shortest path routing algorithm which will 

effectively improve the network lifetime and network performance over sensor network. 
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