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ABSTRACT 
A Wireless Sensor Network (WSN) is a distributed network with a large number of distributed, self-directed, low powered, tiny 
devices called sensor nodes.Wireless sensor networks (WSNs) has an advantage to operate unattended in harsh environments in 
which contemporary human in-the-loop monitoring schemes are risky, inefficient and sometimes infeasible. In many application 
scenarios, replacement of energy resources might be impossible, and therefore the lifetime of sensor node strongly depends on 
battery lifetime. So an important concern in sensor networks is power scarcity, which depends on the size of battery and weight 
limitations of sensor node. To extend the lifetime of wireless sensor network, the design of Energy-Efficient scheduling algorithm 
is an important factor. In order to optimize the energy of sensors different mechanisms can be used and they have a great impact 
on prolonging the network lifetime. Various algorithms have been propounded to minimize the energy by scheduling sensor nodes 
activity. In this paper various sensor nodes sleep scheduling algorithms are compared and analyzed. 
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INTRODUCTION 

 

Wireless sensor network is a network that comprise of number of nodes that cooperatively monitors an 

environment. Each network consists a sensor node with sensor, memory and communicating device. The sensor 

senses the environment and sends those data to the base station or sink node. These networks are widely used in 

military for tracking trespassers, health care, climatic changes, home safety, etc., In many applications, a 

wireless network needs to detect and track mobile targets, and disseminate the sensing data to mobile sinks. In 

Military it used for Tracking enemy vehicles and detecting illegal border crossings. For Civilian it is used for 

tracking the movement of wild animals in wildlife. The information of interests is location, speed, direction, 

size, and shape. In recent years there has been an increased importance in rechargeable sensors [5], [4], [6], [7]. 

Instead of battery powered sensors, which become useless once they run out of battery, the battery of 

rechargeable sensors may be replenished. So the lifetime of a rechargeable sensor networks is infinite. However, 

in most scenarios recharging process is slow and the time in which a sensor discharges may be much smaller 

than the time it takes to recharge it. So even in the case of rechargeable sensor networks, there is a need to 

cautiously schedule the sensors between active, sleep and recharge states ([1], [2]). If all the sensors are allowed 

to be in active state at the same time then they may all get discharged simultaneously, leaving the sensor field to 

be uncovered for a long period of time. Therefore, energy efficient design for extending the network lifetime 

without collapsing the network original performances is an important challenge in the design of a large wireless 

sensor network. 
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Fig. 1: Wireless Sensor Network 

 

All nodes share common sensing activity, which suggests that not all sensors are required to perform the 

sensing activity during the whole system lifetime in wireless sensor networks [3]. Some nodes sleep condition 

will not affect the overall system function providing there are enough number of working nodes to assure it. 

Therefore, if we firstly deploy a large number of sensor nodes and schedule those to work simultaneously the 

system lifetime can be extended constantly. It means redundancy is used to increase system lifetime. Many node 

scheduling algorithms are used to solve this problem. In this paper we are going to different methods of sleep 

scheduling which continually work for WSN to improve the life of network. 

 

Background:  

2.1.    Scheduling: 

Scheduling is a basic time-management tool, consists of a list of times at which possible tasks, events, or 

actions are intended to take place, or of a sequence of events in the chronological order in which such things are 

intended to take place. 

 

2.2   Scheduling in Wireless Sensor Networks: 

A Scheduling in Wireless Sensor Networks is called as the packet scheduling, which is used for managing 

the sequencing of packets in wireless sensor network of the transmitting and receiving queues, which uses 

circular data buffer. Different types of schedulers are available for different operating system. The Wireless 

Sensor Network is developed for sensing a certain physical variable, gathering data and forwarding them to the 

base station where the information is processed for various applications. In order to increase the validity of the 

network, WSN uses different scheduling techniques.       

 

2.3. Sleep Scheduling: 

Sleep scheduling is a widely used mechanism in wireless sensor networks (WSNs) that can save the energy 

wastage caused by the idle listening state by reducing the energy consumption.In sleep scheduling, sender nodes 

should wait until the receiver nodes are in active state and ready to receive the message. Sleep scheduling 

increases the network lifetime but it could cause transmission delay. Increase in network scale increases the 

broadcasting delays. So in order to provide low broadcasting delay from any node in the WSN, a delay aware 

sleep scheduling method needs to be designed. Most of the sleep scheduling methods is introduced to minimize 

the energy consumption. The destination node should wake up immediately when the source nodes obtain the 

broadcasting packets. Whenever a critical event occurs, it is detected by the nearby sensor nodes and 

immediately it should have sent to its neighbor nodes [8]. 

 

2.4 Components of sleep scheduling protocol:   

a) Target prediction: 

Target prediction scheme propose three steps: current state calculation, kinematics- based prediction and 

probability based prediction. After the current state calculation, the kinematics based prediction step is used to 

calculate the expected displacement from the current location within the next sleep delay, and the probability 

models for scalar displacement and the derivation.  

 

b) Awakened node reduction: 

The number of awakened nodes can be minimized by two efforts: controlling the scope of awakened 

regions, and by choosing a subset of nodes in an awakened region.   

 

c) Active time control: 

Based on the probabilistic models the prediction scheduling can be done to make the particular node to be 

active, so that the probability that it detects to target is close to 1. 
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Fig. 2: Sleep Scheduling in WSN 

 

Types Of Sleep Scheduling Algorithms: 

3.1 Energy Efficient TDMA Sleep Scheduling: 

In a traditional sleep scheduling, sensors have to start up numerous times in a period, and thus   consume 

extra energy due to the state transitions. In energy efficient sleep scheduling, sensors not only consume various 

amounts of energy in various states (transmit, receive, idle and sleep), but also consume energy for state 

transitions.TDMA as the MAC layer protocol is used so that it has the advantages of avoiding collisions, idle 

listening and overhearing. The energy efficient TDMA protocols allocate time slots to sensor nodes. These slots 

are assigned to switch off the radio when not transmitting or receiving in the sleep scheduling and switch on the 

radio during the assigned time slots. In order to be interference free, the number of time slots should be equal to 

the number of communication links of the network. To achieve this a simple approach is to assign each 

communication link a time slot. This method requires much more time slots than necessary, which reduces the 

channel utilization and increases the delay significantly. This is because multi-hop networks are able to make 

multiple transmissions that can be scheduled in one-time slot without any interference and space reuse in the 

shared channel. To minimize the number of time slots TDMA link scheduling is used while producing an 

interference-free link scheduling, and it has been shown that the problem is NP-complete. Several algorithms 

have been proposed in the link scheduling problem. However, if the TDMA link scheduling is used as the start 

of mechanism in the scheduling with sleep mode, a node may start up numerous times to communicate with its 

neighbors. The Important factor to be noticed is that the startup time here is in the order of milliseconds, while 

the transmission time if the packets are small may be less than transmission time. Consequently, the transitory 

energy consumption during the startup process can be higher than the energy during the actual transmission. 

Due to frequent starting up of sensor node, it not only takes extra time, but also costs extra energy for the state 

transition. Therefore, the state transformation, for instance from the sleep mode to the active mode, should be 

considered for an energy efficient TDMA sleep scheduling in WSNs [9]. 

 

Merits:  

1) Maximizes the life of wireless sensor network.  

2) Reduces packet loss during Sleep Scheduling. 

3) Avoids collisions, idle listening and overhearing 

 

Demerits:  

1) This method requires much more time slots, which significantly increases the delay and   reduces the 

channel utilization.  

2) Overlapping of data may occur in this technique 

 

3.2. Balanced-energy Sleep Scheduling: 

The sleeping techniques are widely used to conserve energy of battery powered sensors. Rotating active and 

inactive modes of the sensors in the cluster, some of which provide redundant data, is one way that sensors can 

be efficiently managed to extend network lifetime. In order to extend the network lifetime some researchers 

suggest putting redundant sensor nodes into the network and allowing the extra sensors to sleep. This is possible 

made due to the low cost of individual sensors. When the sensor node is in a sleep state, it completely shuts 

itself down, leaving only one extremely low power timer to be on to wake itself up at a later time. The energy 
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costs of both computation and communication activities were considered in the task allocation problems for 

wireless networked embedded systems with homogeneous elements. However, determining which of the sensor 

nodes should be put into the sleep state is essential. This can be achieved by analyzing a Balanced-energy 

Scheduling (BS) scheme in the context of cluster-based sensor networks. In BS scheme, it evenly distributes the 

energy load of the sensing and communication tasks among all the sensor nodes in the cluster, thereby extending 

the time until the cluster can no longer provide enough sensing coverage. The BS scheme extends the cluster's 

overall network lifetime significantly by maintaining a similar sensing coverage compared with the DS and the 

RS schemes for sensor clusters [10] [11]. 

 

Merits: 

1) Extends the network Lifetime by using redundant sensors. 

2) Balances the load in network thereby improving the efficiency of the WSN Network.  

 

Demerits:  

1) While balancing the load in network, passing data to   long distance become difficult because some route 

requires more energy and some route require less energy.  

 

3.3. Optimal Sleep Scheduling: 

A wireless sensor network nodes sleep periodically to maintain the energy level; however, rather than 

analyzing the system with a given sleep control policy; we impose a cost structure and search for an optimal 

policy among a class of policies. In order to approach the problem in this manner, it is necessary to consider a 

far simpler system than those used in the already mentioned studies. Here only a single sensor node is 

considered and focused on the tradeoffs between energy consumption and packet delay. As such, quality of 

service measures such as connectivity or coverage is not taken in account. The single node that is focused has 

the option of turning its transmitter and receiver off for fixed durations of time in order to conserve energy. 

Doing so certainly results in additional packet delay. It is experimented to identify the manner in which the 

optimal sleep schedule differs with the length of the sleeping period, the arriving packets statistics, the charges 

calculated for energy consumption and packet delay [12]. The final result is a flexible framework in which 

application designers can trade-off energy versus latency of event detection [13]. 

 

Merits: 

1) This technique is used to minimize the Communication delay. 

2) Optimal sleep scheduling improves the lifetime of the WSN. 

 

Demerits:  

1) This technique does not maintain the quality of service such as connectivity or coverage.  

 

3.4. Dynamic Sleep Scheduling:  

The dynamic sleep energy conservation is important during the periods of no activity and also during the 

occurrence of events. Since the transceiver consumes similar energy for idle listening as transmission, it is 

critical to reduce traffic overhearing. The overhearing can be minimized if nodes can determine when they are 

expected to send and receive packets. In order to facilitate energy savings during event occurrence, smart 

sleeping schedule can make the nodes to sleep for short periods when a node is neither transmitting nor 

receiving. The method maintains the total sensing coverage achieved by the initially deployed sensor nodes. 

Periodically it reconfigures the network and distributes the energy consumption load more evenly to the sensor 

nodes.  Although sleep-scheduling in wireless sensor networks has been an active area of research, scheduling to 

reduce the energy conservation for nodes carrying traffic has not received much attention. MAC layer protocols 

usually lead to low throughput and high event reporting latency by putting nodes to low duty-cycle. While for 

some applications like event tracking, besides energy saving throughput and latency are also important metrics. 

To save energy on nodes carrying traffic, TDMA based link scheduling is widely used to put nodes to sleep 

when they are idle while it is in the way of traffic. Based on information collected from all links the per-packet 

scheduling is performed. Excessive messaging is necessary for the global coordination which cause delays in 

link scheduling.TRAMA is traffic adaptive medium access protocol which proposes distributed scheduling at 

each node based on information collected within a fixed number of hops. This minimizes the limitation of 

centralized scheduling. Although TRAMA can reduce energy conservation, the conservative local coordination 

results in exceed of latencies 100 times the latency of CSMA based approaches. Therefore, TRAMA is not 

useful in scenarios where latency and throughput are the critical metrics of performance, which is hardly the 

case in most wireless sensor networks [14] [15]. 

 

 



639   Karthihadevi. M and Pavalarajan. S., 2017/Advances in Natural and Applied Sciences. 11(7) May 2017, Pages: 635-641 

 

Merits:  

1) Avoids the packet loss. 

2) Dynamic sleep scheduling used with the MAC layer improves the high throughput.  

 

Demerits:  

1) Controlling the traffic is very difficult. 

2) Data loss in large network. 

 

3.5 Delay Efficient Sleep Scheduling:  

Wireless sensor networks (WSN) are expected to work for months if not years with limited lifetimes on 

small inexpensive batteries. Typically, the primary goal of these networks is energy efficiency. Previous studies 

have identified that idle listening conserves more energy. A measurement on existing sensor device shows that 

the idle listening consumes nearly the same energy as receiving. In sensor network applications where the traffic 

load is very light most of the time, it is desirable to turn off the radio when a node does not participate in any 

data delivery. In order to reduce the idle listening energy, cost the S-MAC medium access protocol is used to 

introduce synchronized periodic duty cycles of nodes. In S-MAC each node undergoes a periodic active/sleep 

state, synchronized with its neighboring nodes. During sleep state, the radios are completely turned off, and they 

are turned back on during active periods to transmit and receive messages [16] [10]. Although the synchronized 

low duty cycle process of a sensor network is energy efficient; it has one major deficiency of increase in packet 

delivery latency. At a source node, during the sleep period a sampling reading may occur and until the active 

period it has to be queued. Until the receiver wakes up an intermediate node may have to wait to forward a 

packet received. This approach provides some reduction in sleep latency at the expense of greater energy due to 

extended overhearing and activation, but not for long paths. An alternate approach designed particularly for 

wireless sensor networks where the communication pattern is restricted to an established unidirectional data 

gathering tree is the delay-efficient sleep scheduling. In this case, the sleep latency can be essentially eliminated 

by having a periodic receive-transmit-sleep cycle with level-by-level offset schedules, where the data cascades 

in step by step from the leaves of the tree towards the sink. The nodes go to sleep as soon as they transmit their 

packets to the next level, and wakes up just in time to receive the next round of packets. [10] 

 

Merits:  

1) Avoids collision during broadcasting in WSN. 

2) Reduces the Energy Consumption and delay in   communication. 

 

Demerits:  

1) Difficult to minimize the Delay in communication while broadcasting the message.  

2) Difficult to maintain latency parameter. 

 
Table I: Comparative Study of Sleep Scheduling Algorithms 

 

S.No 

 

Title 

 

Key Issues 

 

Objective 

 

 
1 

 

A modified differential evolution-

based combined routing and sleep 
scheduling scheme for lifetime 

maximization of wireless sensor 
networks[17] 

The two fields called energy efficient 

routing and sleep scheduling have 
remained more or less disjoint leading 

to designs where to optimize one 
component, the other one must be pre-

assumed. 

To design a single optimization 

framework, where both the 
components energy efficient routing 

and sleep scheduling get optimized 
simultaneously to provide a better 

network lifetime for practical WSN. 

2 Collaborative Location-Based 

Sleep scheduling for Wireless 
Sensor Networks Integrated with 

Mobile Cloud Computing [14] 

 

 1) the specific data mobile users 

request usually depend on the current 
locations of mobile users 2) most 

sensors are usually equipped with non-

rechargeable batteries with limited 
energy 

To design an integrated mobile 

cloud computing (MCC) with 
wireless sensor networks (WSNs) 

3 Energy saving with node sleep and 

power control mechanisms for 
wireless sensor networks [15] 

 

controlling the power of the sensor 

node and extending the lifetime of the 
whole network become a very 

important issue 

Designed to effectively reduce the 

frequency of the transmission of the 
sensor nodes more close to the sink 

and reach the loading balance of the 

whole network. 

4 Improving the Network Lifetime 
using the Integration of Progressive 

Sleep Scheduling Algorithm with 

Opportunistic Routing Protocol[5] 

Minimizing the Routing power and 
maximizing the Network lifetime 

To improve the energy efficiency of 
a WSN by integrating Progressive 

Sleep Scheduling (PSS) Algorithm 

with Opportunistic Routing 
Protocol. 

5 Cost-Aware Activity Scheduling for 

Compressive Sleeping Wireless 
Sensor Networks[8] 

WSNs have significant variability in 

sampling cost owing to the different 
physical conditions at particular sensor 

nodes. To exploit this sampling cost 

aims to improve the performance 

trade-off between the reconstruction 
accuracy and the sampling cost in 

view of the non-uniform sampling 
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non-uniformity, cost-aware activity 

scheduling approach that minimizes 

the sampling cost with constraints on 

the regularized mutual coherence of 

the equivalent sensing matrix is 
proposed 

cost often experienced in 

compressive sleeping WSNs. 

 

Conclusion: 

Different sleep scheduling algorithms are surveyed in this paper. All the methods have different ability to 

solve different problems. The wireless sensor networks biggest issue is network lifetime which is solved by this 

sleep scheduling algorithm. From the entire algorithm the Delay efficient sleep scheduling efficiently reduces 

energy consumption and delay in network. Further research is also essential to rectify some of the drawbacks of 

this algorithm. From the results we can say that using sleep scheduling is an effective way to get more lifetime 

of the network. 
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