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An efficient energy management scheme is crucial factor for design and 

implementation of any sensor network. Almost all sensor networks are 

structured with numerous small sized, low cost sensor devices which are 

scattered over the large area. To improvise the network performance by high 

throughput with minimum energy consumption, an energy efficient radio 

scheduling MAC protocol is effective solution, since MAC layer has the 

capability to collaborate with distributed wireless networks.  The present 

survey study provides relevant research work towards radio scheduling 

mechanism in the design of energy efficient wireless sensor networks 

(WSNs).  The various radio scheduling protocols are exist in the literature, 

which has some limitations. Therefore, it is require developing a new energy 

efficient radio scheduling protocol to perform multi tasks with minimum 

energy consumption (e.g. data transmission). The most of research studies 

paying more attention towards to enhance the overall network lifetime with 

the aim of using energy efficient scheduling protocol. In that context, this 

survey study overviews the different categories of MAC based  radio 

scheduling protocols and those protocols are measured by evaluating their 

data transmission capability, energy efficiency, and network performance. 

With the extensive analysis of existing works, many research challenges are 

stated. Also provides future directions for new WSN design at the end of this 

survey. 
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1. INTRODUCTION 

The Wireless Sensor Network (WSN) significance is not only limited to the design of a stand-alone 

application, whereas today it is a sub-system of the internet of things (IoT) [1]. The IoT brings scalability into 

the WSN by connecting WSN nodes through gateways [2, 3]. The issue of enhancing network lifetime is 

always a critical requirement, whether the application is standalone WSN or an IoT application [4]. In order 

to improvise the network overhead, various energy management approaches are proposed at different layers 

of WSN [5]. The energy efficient congestion control and routing protocols are designed at the transport and 

network layer respectively [6, 7]. At the physical layer, radio schedules, duty cycle, used of directional 

antenna, etc. are the approaches towards optimizing the consumption of energy [8]. The traditional approach 

of managing duty cycle using IEEE 802.15.4 standard is well accepted for IoT also due to its low energy 

consumption [9]. The energy conservation scheduling algorithms are broadly classified into two categories 

namely centralized and de-centralized [10]. In a long duration transmission, the signal experiences 

a degraded channel condition that causes excessive use of energy. The use of time division multiple access 

(TDMA) protocol ensures optimal use of energy [11]. The parameters while designing scheduling schemes 

need to consider the type of sensors, network topology, deployment policy, sensing area, transmission range, 
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time synchronization, localization, etc. [12]. The optimal goal of designing energy efficient scheduling 

schemes is to enhance the network lifetime.  

The radio in the communication module of a sensor node has three different states: 1) Active-State, 

2) Idle-State, and 3) Sleep-State. The radio scheduling scheme requires designing time synchronization 

among these states [13]. The highest amount of energy is consumed while the active state of radio because 

during this state both transmission and receiving of the signal takes place, whereas in idle state the radio is 

on, but the communication process doesn't take place, so the energy consumed during this state is waste.  

The automation of switchover between idles to sleep and sleep to active as well active to sleep is the core 

requirement of radio scheduling [14]. The radio energy consumption (REnergy) can be formulated as [15]. 

 

  TbPcR txEnergy ..   

 

Where C  coefficient of energy transmission, b energy constant, Ptx  energy exploit in signal 

transmission and T  total transmission time.  

The radio scheduling mechanism for sensor networks is the key factor for energy conservation after 

the network is deployed. The all the sensor nodes are in sleep mode, the node cannot perform sensing and 

communication task and consumes very low energy. Consequently, the key goal of energy scheduling 

management scheme is to keep  minimum number of sensor devices into active-mode for the necessary task 

and put other sensor nodes in the sleeping mode to conserve the energy. The advantage of scheduling a radio 

to sleep stage, it saves energy significantly as it operates at a low duty cycle, in turn, enhances the overall 

lifetime of the network and other quality of service parameters. In addition, the existing research on radio 

scheduling schemes mainly focused on single node sensor module, while few studies given attention towards 

the sensed module scheduling for multisensory nodes. The prior research considers the radio of each node as 

the module which consumes the most energy.  

However, with the development of wireless sensor technology, sensors in the networks are 

integrated with number of sensor nodes, and those can bring different sensing capabilities, for example; 

temperature measurement, distance prediction, and so on. Through the sensing observations, active sensor 

nodes can coordinate with each other and track the targeting task. The multi-sensory approach achieves good 

tracking results than single sensor sensing observation. Thus, sensor scheduling management scheme is taken 

into the account which balance the energy consumption rate as well as transmission and storage related 

problems. As an example; video sensory nodes consumes high energy with more bandwidth while 

multimedia transmission, that is the major factor in the network performance. Therefore, low energy 

consumption during scheduling management is the higher priority in designing a WSNs. To prolong 

the network lifespan, sensor nodes are often scheduled at sleeping mode. While neighboring nodes performs 

the common sensing task and all other nodes are not required to perform the same task in the entire network 

lifetime. In order to improve the sensor energy utilization and prolong the network lifetime, a distributed 

cluster-based scheduling algorithm is introduced by Kannan et al. [16]. This approach significantly achieved 

the 7.5 to 12 percent accuracy in the overall energy saving as compared to existing hierarchical protocols.  

Furthermore, a sleep scheduling mechanism is broadly adopted technique to balance the network 

performance by consuming minimum energy. A distributed sleep scheduling scheme allows the sensor node 

to completely covers the sensing areas and turn off the node if the communication doesn't take place or else 

do not have enough energy [17]. Lui et al. [18] have proposed a joint energy efficient routing and scheduling 

protocol which provided possibilities for evaluating the performance of the existing protocol and serves as 

a benchmark to evaluated real-time heuristics which endeavor to enhance the WSN lifetime. In traditional 

sleep scheduling, the sensor nodes perform numerous tasks with an unspecified time and consume external 

energy. Therefore, to overcome this problem, an interference-free TDMS sleep-scheduling mechanism is 

introduced which avoids passive listening, collision, and overhearing [19]. 

The present survey study is mainly focusing on the significance of radio scheduling mechanism 

which improves the network lifetime by minimum energy consumption. However, the maximum energy 

saving can be attained at physical layer, whereas Medium Access Control (MAC) layer responsible to 

manage the radio activities, in the result more energy can be saved. An efficient MAC protocol uses the radio 

scheduling scheme as a result saves the more amount of energy at every level. Hence the MAC protocol 

significantly fulfill the requirement of designing an energy efficient scheduling scheme for wireless 

networks.  

Therefore, the survey study takes advantages of prior research works of energy efficient radio 

scheduling for WSN deployment and mainly focused on maximizing the overall network lifetime. 

The purpose of this survey study is to investigate the efficiency of radio scheduling for energy conservation 

with respect to existing research work. Also, overviews on different MAC protocols with respect to 

scheduling mechanisms help to enhance the sensor networks lifetime. The structure of the comprehensive 
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survey study can be organized as; Section-II illustrates the different energy efficient radio scheduling 

schemes for WSNs. Section-III briefly studies on related work. Section-IV provides Research challenges 

towards designing an energy efficient WSNs using radio scheduling. Section-V ends with the conclusion of 

the survey study. 

 

 

2. MECHANISM OF RADIO SCHEDULING FOR ENERGY CONSERVATION OVER WSN 

The superiority of MAC protocol is directly related to the performance of WSNs because MAC can 

control the sensor nodes accessing the medium. The various existing radio scheduling mechanism has been 

introduced to manage the scheduling operation for energy conservation. However, different MAC protocols 

are broadly classified as; i) Contention-based protocols and ii) Contention free protocols. The detail 

description about these protocols are given as follows. 

 

2.1.    Contention-based" MAC protocols  

2.1.1. Sensor-MAC 

Sensor-MAC protocol is introduced by Ye et al. [20, 21]. It is energy efficient MAC protocol 

specifically designed for sensor networks. The core objective is more energy saving by maintaining 

scalability. The Sensor-MAC protocol introduces a cyclic active approach and sleep-scheduling scheme to 

setup the low-duty cycle operation at every sensor. According to this operation every sensor node is timely 

moved into sleep-state and then wake-up and enters into active-state for communication with other sensors if 

it is needed. In sleep-state, the radio is completely turned off, and the timer is set up to awake the sensor at 

a later time. The periodic cycle of sleep and active-state is referred as a frame. The following Figure 1 

illustrates scheduling mechanism of sleep and an active state in S-MAC protocol. 
 

 

 
 

Figure 1. Active and sleep scheduling in S-MAC protocol 
 

 

A duty-cycle is a ratio between the predefined active time and total time of that period [21].  

The active state is divided into time intervals for sending or receiving the packets e.g. SYNC, RTC,CTC 

packets. The active time is predefined on the basis of physical-layer & MAC-layer parameters (e.g., 

bandwidth and frame-size). While the sleep-mode timing is updated as per the requirement of different 

applications, that changes the actual duty cycle. S-MAC protocol is more energy efficient than 802.11. 

It is simple to implement; long term communication can be performed using a message passing approach. 

Nevertheless, due to the specified active or sleeping time ratio, some amount of bandwidth is  

un-usable, and delay is very high. The major drawback is high volume of data delivery because Sensor-MAC 

is developed to optimize the latency with more energy conservation. 

 

2.1.2. Demand sleep-MAC protocol: DS-MAC:  

It performs a dynamic duty cycle with the aim of high tradeoff among minimum latency and more 

energy conservation with less overhead. It introduced a mechanism like demand sleep mechanism, which 

responsible to manage the sensors sleeping-time based on total receive packets. When the scheduled time 

period is beyond the threshold value, DS-MAC shortens the sensor sleeping time, because switching of 

the sleep state to active state consumes much energy [22]. If the amount of received packets are lesser than 

the threshold value, sensors increases its sleep mode time to save the maximum energy which is wasted in 

idle-state. In this protocol, every sensor node exploits SYNC packets to setup and handle the clock-

synchronization as similar as Sensor-MAC. Though, DS-MAC protocol adopts duty-cycle mechanism for 

reducing the noise problems. In this protocol duty, cycling is dynamic; it is not fixed. Asynchronous MAC 

protocols example; Berkeley-MAC, Cross-MAC and Receiver-Initiated MAC introduced for energy 

harvesting WNSs [23]. The experimental results illustrated that RI-MAC protocol performs better in energy 

conservation. Additionally, these protocols support individual duty cycles. To design a more efficient 
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DS-MAC protocol, some additional parameters need to be defined, like example; delay and duty-cycle in 

each synchronization packet. The drawback is, every sensor needs to balance its energy consumption rate, 

which needs more storage space and computation overhead 

 

2.1.3. Directional-MAC protocol:  

The Directional-MAC protocol is an efficient protocol with respect to optimal latency with low 

energy consumption [24-25], adopted for data aggregation. Authors addressed packet transmission challenge 

in multihop network.  The core objective  was to attain energy conservation and minimum latency. To enable 

continuous packet transmission over multihop routing, D-MAC staggers the sensors schedule on the multihop 

route and allows the sensors to activate serially. During scheduling operation, the time slot is divided into 

three states, i.e. sending, receiving and sleeping. In sending time, a sensor tries to forward a data packet to 

next hop and receive an acknowledge packet. In receiving time, the sensor expecting to receive the packet 

and send acknowledge back to the sender. D-MAC is developed to solve the overhearing problems by giving 

sleep-schedule of sensor an offset which depends on its novel method. 

Additionally, the duty-cycle setup was made on the basis of traffic load requirement in the sensor-

network. Kumar et al. [26] introduced a traffic load adaptive algorithm for varying inherent traffic scenarios 

in the WSNs. In [27] Wang et al. have presented a comprehensive survey study on D-MAC protocols for ad-

hoc sensor networks. Authors believed that this survey study provides a benchmark for the development of 

improved D-MAC protocol for WSNs applications. Also highlighted major research issues for D-MAC 

protocols for WSNs and expected that new D-MAC protocol design leverages on existing D-MAC protocols. 

Yi et al. [28] addressed the issues of long term communication capabilities over Ad-hoc networks using 

D-MAC protocols and designed a framework of the long-term communication protocol in Ad-Hoc networks. 

 

2.1.4. TimeOut-MAC:  

TimeOut-MAC protocol is an energy-efficient protocol, derived from S-MAC protocol for WSNs. 

The essential goal is to minimize the idle-state time duration by defining dynamic duty-cycle and forward all 

data packets in the burst of variable length inactive state, and there is a gap between sleeping time called 

bursts [29]. To balance an active-mode time period during high traffic load, dynamically TimeOut-MAC 

setup the threshold value. This reduces idle listening. The node activates periodically and communicates with 

neighboring nodes. It uses RTS and CTS, ACK mechanism which avoids collision with reliable transmission.  

The node enters into listening-mode and performs data transmission under active mode. If no event performs 

in active-mode at a specified threshold (Th), then active mode switch off and automatically node goes to 

sleep mode. At the period of continuous data, transmission nodes communicate continuously without 

entering sleeping mode. The following Figure 2 pictorially represents the scheduling mechanism of 

the T-MAC protocol. 

 

 

 
 

Figure 2. Scheduling in T-MAC protocol 

 

 

The experimental results represent that both S-MAC and T-MAC protocols achieve up to 98% 

energy consumption reduction as compared to other protocols. The disadvantage of this protocol is an early 

sleep problem where a node goes to sleep mode even if it's neighboring node forward some data to it. 

Singh et al. [30] introduced new T-MAC protocol with new features called power saving mode which makes 

the T-MAC more energy efficient. The additional time duration or active time is not considered when no 

activity is performed, and leftover energy of specific sensor-node gets below with certain threshold time, then 

its activation time-out is minimized by 10 percentage. This minimizes the wastage of energy in the idle state 

and improves the network overhead. In [31] authors presented time efficient sleep-scheduling mechanism for 

underwater WSNs. The essential factor was time conservation without considering the delay in the sensors 

having no packet delivery to its parent node. Hence, data forwarding is very faster than existing sleep 

scheduling schemes prevent the wastage of time. 
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2.1.5. Contention-free MAC protocols 

The theoretical study of contention free MAC protocol is presented by Busch et al. [32] which able 

to bring the network from arbitrary position to collision-free position. Because it is a distributed protocol,  

the stabilization collisions are unavoidable. Examples of contention free MAC protocols are Traffic adaptive 

medium access protocol, self-organizing MAC protocol, distributed energy consumption MAC protocol and 

contention free scheduling time division medium access MAC protocol. The detailed study of each protocol 

is discussed as follows. 

 

2.1.6. Traffic adaptive medium access protocol TA-MAC 

It is a TDMA based protocol which offers efficient energy channel access without any collision for 

wireless networks. Through this, optimal energy is achieved by guaranteeing non-collision data transmission 

and allows sensors to switch idle-state with minimum energy usage. TA-MAC assumes a single channel is 

slotted for data as well as signal transmission. The time slot is mapped in a sequence of random access 

(RAcc) time (i.e., signaling slot) and schedule-access (SAcc) time (i.e., transmission slot). The TA-MAC 

protocol begins with RAcc time where every sensor node is randomly select the time slot and later transmits 

the data. The duty-cycle of RAcc time and SAcc time depend upon the nature of the network. However, 

the slots are utilized for data-transmission and interchange the traffic aware scheduled time information 

among the sensors. The sensor has to provide its schedule information through schedule packet exploiting 

schedule exchange protocol before transmission of actual data. Periodically, the schedule exchange protocol 

updates the scheduling information and maintains this information between the neighboring nodes. 

The advantage of TA-MAC protocol achieves more energy conservation owing to the high percentage of 

sleep state. Also, it achieves higher throughput as compared to the contention based MAC protocols. 

 

2.1.7. Self-organizing MAC protocol: SMAC 

It is a distributed, contention free MAC protocol developed for sensor networks [33]. It enables 

a group of sensors to create a route and establish a schedule for communication with neighboring nodes 

without any local/global master node. In this protocol, every node is capable of setting its radio schedule 

(i.e., on/off) and adjust the carrier frequency for different bands. The set of available bands are relatively 

large. Additionally, the require information about sensor-node in the radio networks is utilized to schedule 

the duty-cycle over the network. Every sensor manage the super-frame, by which schedule 

the communication time slots of sensor nodes. With the specified time-slot, every sensor node can 

collaborate with their neighborhood nodes. However, there is possibility of time-collisions between the slots 

due to the unknown channel assignment. To resolve such collision problems, every node in the network 

operate with their own frequency range which is arbitrarily considered from radio frequencies.  Once the link 

established the node schedule the turn-on time of transceiver for further communication and automatically 

turns-off if there is no collaboration between the nodes. From this mechanism, can achieve efficient energy 

saving at every node. The major drawback of SMAC protocol is low bandwidth usage, e.g., if the sensor 

needs to forward a data-packet to its neighbor, it cannot be re-utilized the same time slot of other 

neighbor nodes.  

 

2.1.8. Distributed energy consumption MAC protocol: DE-MAC   

In this protocol network is structured with large sensor-nodes and randomly distributed over 

the geographical region. During the transmission process, DE-MAC uses sensor's information from its 

neighboring node and creates number of cluster sets including cluster-head (CH) as well as base station (BS). 

The CH responsible to aggregate the data and transfer to the BS. However, the DE-MAC protocol is 

scheduling based protocol where operations are categorized into two specific communication groups such as 

inter cluster and intra cluster communication. While the time of cluster construction, sensor-node determines 

the energy level with respect to network capability. Likewise TA-MAC, this protocol contains two distinct 

time-slots, one is RAcc and SAcc. Furthermore, each slot is again splitted for data partition and access 

control. The sensor-node which is assigned with time slot uses the access control to broadcast the receiver 

identification. The identified receiver node keeps on and remaining nodes stay on sleep-mode with minimum 

power consumption. However, Sefuba et.al presented energy efficient dynamic MAC protocol for clustering 

based WSNs. The study adopted a cross-layer cluster scheduling approach which mitigates the idle-listening 

problems as well as reduces the packet overhead. The transceiver node in the proposed model transmission 

process involves three major operations viz; sleep-state, active-state and back-off operation. Also presented 

a cooperative communication system among base-station and clusters. The simulation outcomes represented 

that performance of energy consumption, throughput, as well as delay in the sensor networks. The overall 

accuracy is very good as compared to existing frameworks.  
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2.1.9. Contention-free scheduling TDMA-MAC protocol: CS-TDMA-MAC 

Similarly, it is also a contention free TDMA based protocol. In this periodic messaging system 

perform a message scheduler which enables transmitting and receiving the node messages and ensures that 

the transmission medium is contention free. Initially, a set of contention-free periodic messages are generated 

from message attribute assignment and later set off a periodic task is constructed through a given set of 

the contention-free periodic message by manipulating each message attributes to task attributes. 

Because message scheduler is a contention-free, all sensors devices require to setup the message of its own. 

Thus, the complexity of sensor-node increases with message transmission and received from that sensor, 

rather than length of all messages in the network. This highly reduces the storage and time complexity of 

network scheduler and thus results in computation, memory and energy conservation. Hence, this type of 

MAC protocol is efficiently scalable for large scale sensor networks 

 

3.2.  Hybrid protocols  

 Hybrid protocols contain both contention-based and contention-free protocols features, and those 

are introduced as follows: 

 

2.2.1. Hybrid CSMA and TDMA MAC protocol 
It is a hybrid MAC protocol, where CSMA offers a simple and distributed scheme for adaptive 

traffic and TDMA provides the centralized and scheduled scheme which targets the quality of services by 

resource assignment [34]. In this, all sensors contain two communication channels viz; data channel and 

control channel. TDMA protocols perform on the data channel for periodic transmission, and CSMA protocol 

is utilized for signal traffic transmission. In CSMA delay increases rapidly with increasing traffic load, which 

may lead to complexities in real-time orbit control. While in TDMA, a fixed time slot based TDMA network 

defines packet delay and need accurate duty cycling. As comparing the CSMA protocol, TDMA maximizes 

the communication time during network traffic is lower than the threshold. The hybrid CSMA and TDMA 

MAC protocol have been applied in many applicatory areas viz; Ad-hoc vehicular networks [35], 

Tree-MAC [36], and MCL-MAC [37] and many more. These protocols have been offered to achieve increase 

throughput with minimum control overhead. The frame structure of the hybrid CSMA and TDMA MAC 

protocol is presented in Figure 3. 

 

 

 
 

Figure 3. Structure of hybrid CSMA and TDMA MAC protocol [34]. 

 

 

The superframe of the hybrid protocol contains three cyclic periods (i.e., TDMA, Inactive and 

CSMA). Additionally, beacons are utilized for signal transmission, and there is no data transmission during 

the inactive period. With the new channel assessment scheme and adaptive scheduling system, the hybrid 

CSMA and TDMA protocol are expected to enhance the network lifetime by energy conservation [34].  

The average energy consumption during packet transmission, receiving an idle state can be expressed as 
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2.2.2. Zebra-MAC protocol: Z-MAC 

Similarly, Z-MAC is also a hybrid protocol is introduced by [38] which integrates the TDMA and 

CSMA strengths while offsetting their weaknesses. The important characteristic of this hybrid protocol is 

dynamically adapts the network contention level.  The low-contention level, behaves like a CSMA and 

achieves low latency and high channel utilization. In high contention level, it's like TDMA and reduces 

collisions between two neighboring hops at very low cost and achieves high channel utilization. 

The investigated Z-MAC protocol capable of minimizing the energy consumption rate over the sensor 

network and robust to dynamic network structure changes is the significant feature. From this feature can 

reduce the protocol to synchronization 

 

 

3. RELATED WORK  

From the past decades, many researchers paying more attention to WSNs design with minimum 

energy consumption problems by introducing different routing schemes and MAC layer protocols to increase 

the energy rate in WSN. The present comprehensive survey study reveals that the evolution of various energy 

efficient protocols was designed based on network topology (i.e., hierarchical, location-based routing... etc.). 

This section illustrates the existing work carried out on energy-efficient protocols and their problems. 

The critical analysis of the most popular existing techniques is presented.  

Energy conservation is the significant factor in enhancing the overall network lifetime, and it is 

considered as a primary challenge in WSNs. Several scheduling mechanisms have been introduced with 

the goal of minimum energy consumption in the result can prolong the network-lifetime. The prior research 

on WSN scheduling majorly focused on network equipped with single sensor node and maintain the sleep 

scheduling time. A multi-sensor scheduling approach is investigated by Feng and Zhao [39] which 

considered the scheduling for both communication module and multi-sensor module. The WSN is organized 

in clustering format where each cluster head adaptively assigns a sleeping time for its cluster nodes according 

to the position of remaining nodes.  

Another efficient sleep-scheduling mechanism for WSNs is introduced by Wan et al. [40]. 

This approach schedules the nodes into sleep or active mode for efficient energy consumption. Initially, 

the optimal radius is approximated to deploy all sensory nodes into clusters to balance the energy level. 

Secondly, based on packet collected by neighboring nodes, a fuzzy-matrix is generated which able to 

compute the similarity features and fuzzy theory is responsible to classify the sensor-nodes into multiple 

groups. The energy consumed during data-aggregation by cluster head is defined as; 

Eagg (l, d)  lEDA 

Where l is no. Bit packets, d is distance, and EDA is energy consumption for data fusion per unit. 

Another novel hybrid TDMA-CSMA-MAC protocol [41] aims to reduce the energy consumption in 

WSN. The TDMA scheme is responsible for handling the traffic burst problems. Furthermore, an adjustable 

transmission energy control mechanism is proposed which set up the different slots for different transmitting 

energy values for cluster heads and sensor nodes. The performance analysis of the proposed methods is 

evaluated by measuring throughput and total energy consumption. The total energy consumption includes 

energy transmission cost on sensor node to cluster head, and it is represented as follows.  

 

 



Sn

i

CCiTPiCPCCSctotal EEEEEE
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Where ESC and ECC are the energy transmission cost of the sensor node and cluster heads, EiCP and EiTP 

represent energy consumed in contention period and TA-TDMA periods of the sensor node to cluster head of 

ith nodes in WSN.  

The few survey study of sleep scheduling mechanism is summarized in the study of Zhang 

et al. [42] and observed that most of the studies focused on asynchronous scheduling mechanisms. Moreover, 

the machine learning approach is widely applied in this field. Another survey of scheduling mechanism is 

proposed for WSNs security [43], where authors studied different scheduling scheme and presented their 

advantages and drawbacks.  Additionally, the authors proposed a dynamic priority based multilevel packet 

scheduling method with the bit-rate classification which helps to minimize the end-to-end delay. The network 

security can be achieved by implementation of the RC-6 security algorithm during data transmission and 

receiving operation. 

For large scale commercial WSNs, few sensors topology is too critical to maintaining. The existing 

research on network control with critical nodes specifically focused on network routing inside the cluster. 

It is non-trivial to manage the cluster connectivity without considering the critical nodes in the cluster based 
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large scale commercial WSNs. Hence sleep schedule is the best approach to conserve the high amount of 

energy of sensor nodes in large scale WSNs. In [44] authors focused on priority based sleep scheduling for 

cluster-based commercial WSNs to save network energy and prolong the WSNs lifetime. A sleep or awake 

scheduling scheme for WSNs is introduced [45]. The aim was to conserve more energy without using duty 

cycling and improve the network lifetime as long as possible. The other existing energy efficient scheduling 

schemes are based on duty cycling techniques which takes more effort to improve their performance. 

Self-Adaptive sleep-awake scheduling is the best approach which uses game theory and reinforcement 

learning mechanism.  

MAC protocol with joint routing mechanism is investigated [46] which reduces the transmission 

delay in WSNs. Due to increasing growth in the WSN application; there is a requirement for an optimized 

protocol for specific WSNs application. The proposed joint routing mechanism allows the nodes to schedule 

the packet transmission in the same duty cycle. It partitions the sensor nodes into disjoint sets to minimize 

the idle listening time of the node in the cycle without affecting network connectivity. Another energy 

efficient routing and joint duty-cycle scheduling method are investigated [47]. In this study, the author 

discussed how the nodes could be scheduled for sleep/awake in order to save energy during idle listening. 

Additionally, the game theory approach is applied to evaluate the sleep or awake scheduling time, 

and energy efficient routing algorithm is introduced which makes routing decisions for each sensor. 

The sensor chooses an active node with high residual energy between the clusters. The Q learning approach 

is adopted for duty-cycle scheduling. An energy efficient sleep scheduling scheme is proposed [48] for 

wireless powered communication networks. The aim is to extend the wireless networks lifetime by energy 

harvesting approach.   

An opportunistic routing mechanism with improved sleep scheduling method is proposed [49] 

which improve the WNSs lifetime with minimum energy consumption. For minimum energy consumption, 

authors adopted different routing approaches which are standard and improvised. The proposed opportunistic 

energy efficient routing strategy with sleep scheduling method offered high performance and improved 

the routing quality in WSNs. One more approach of joint routing scheme with radio scheduling mechanism is 

proposed by Buratti and Verdone [50] for centralized WSNs. Authors proposed two algorithmic approaches 

i) sequential algorithm and ii) joint scheduling and routing algorithm. The first algorithm responsible for 

reduces the maximum latency with minimum packet loss. The second algorithm combines the scheduling and 

path selection policies and solves the problems of no packet loss. Additionally, the study utilized Dijkstra's 

and graph coloring algorithm for path selection and analyzed the performance analysis based on 

the throughput ratio between the numbers of nodes.   

An adaptive energy-efficient duty cycle management scheme improved the network delay 

performance and addressed the nodes selection duty cycle based on the energy consumption rate [51].  

The experimental analysis evaluated the data load according to its energy consumption rate and shown that 

nodes in far sink distance have large duty-cycle. Whereas, nodes in closer sink distance have short duty-

cycle. Furthermore, the study represented equation models among duty-cycle, delay, and energy usage, which 

evaluated the nodes best duty-cycle. This approach can outperform as compared to existing schemes and 

provides better network lifetime. Duty cycled MAC protocols can improvise the sensor networks lifetime. 

However, most of the existing MAC protocols still suffer from overhearing and idle listening problems. 

To overcome these problems Oller et al. [52] investigated a novel wake-up radio scheduling scheme which 

reduces the idle listening and overhearing problems by switching off the nodes. In the simulation, authors 

considered time and energy consumption values and evaluated different nodes lifetime. In the previous study 

[53] similar wake-up radio scheduling approach is applied for traditional WSNs and shown it outperforms in 

terms of energy efficiency.The authors introduce the different MAC scheduler mechanisms with the aim to 

minimize the energy consumption rate in WSN [54-56]. 

 

 

4. RESEARCH CHALLENGES  

By analyzing the prior research studies, can identify the many challenges in energy efficient radio 

scheduling scheme. Especially, the quality of service may not be provided. This could be illustrated by 

considering the network performance with the lowest channel quality containing more priority applications. 

Parallel data transmission technique is attracting in many WSN platforms emerged with scheduling support. 

The radio energy in WSN is limited, and thus it is require to device multi-channel MAC-protocols to manage 

traffic load, or support multitasks. The next generation network technologies need efficient scheduling 

scheme with multi-channel supportive MAC protocols to improve the communication quality with minimum 

energy consumption. Energy conservation by keeping the nodes into sleep state periodically is a fundamental 

approach for WNS platform. The highly distributed WSN platform contains small, lightweight sensor nodes. 
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Radio scheduling is a significant mechanism in WSN to maintain packet scheduling and conserve the high 

amount of energy. Existing scheduling protocols used duty cycling method. 

Though several MAC-based radio scheduling protocols has been investigated, and those have 

specific features. The reason behind is that sensor-networks are application specific and MAC layer protocols 

are application dependent. Generally, TDMS/CSMA are MAC family protocols which are collision-free 

nature and efficiently conserve the high amount of energy under high traffic condition. However, it has lower 

throughput and high delay rate in lower traffic condition owing to passive listening. 

Additionally, TDMA-MAC protocol requires fixed-time synchronization among neighboring sensor 

nodes and has less accessibility as well as limited scalability to the dynamic network. Whereas, CSMA is 

contention-based MAC protocols which results in minimum energy consumption with the high delay in large 

traffic condition, but can reduce the delay with high-throughput under less traffic load. Based on network 

environment, energy-efficient MAC protocols can incorporate TDMA with other protocols to perform 

various requirements. Thus, to improve the energy efficiency level, there is a trend to consider joint 

scheduling energy-efficient MAC protocols for multilayer WSN applications, which offers multiple 

opportunities in the future WSN application design. 

The dynamic energy management is another type of MAC layer scheduling scheme, which can 

achieve more energy conservation and enhances the sensor node lifetime. This mechanism does not affect 

the network performance and directly deals with node transition state in an energy efficient manner. The core 

point is to turnoff the sensor-node when no transition occurs and active them when needed. Such an event-

based energy management scheme is critical to achieve improve the node lifetime. 

In CSMA protocol, sensor nodes transmit the data packets at the maximum energy level, saves all 

interfering sensor nodes from self transmissions. This protocol allows only single transmission at a time since 

all sensors are fixed within the pre-defined carrier sensing region. Thus, interfering nodes are not allowed to 

transmit data packets. This protocol has transmission complexities from a single layer viewpoint, which is 

not efficient. Therefore, there is a requirement of multilayer packet transmission with minimum energy-

consumption. 

Compared with IEEE 802.11 and energy aware MAC-based signaling approach, Sensor-MAC 

doesn't uses channel signaling mechanism, whereas, energy aware MAC-based signaling protocol need two 

independent channel nodes (i.e., transmitter and receiver). Additionally, energy aware MAC-based signaling 

protocol doesn't conserve the high energy during the idle listening mode. Therefore, Sensor-MAC protocol 

achieves high energy conservation by avoiding overhearing and efficiently transmits the large data packets. 

Hence, this protocol can be applicable for WSN applications. 

 

 

5. CONCLUSION 

The survey study overview the most recent research work in the state of art of energy efficient radio 

scheduling protocol design for WSNs.  The scheduling protocols for WSNs are broadly categorized as; i) 

"Contention-based" MAC-protocols and ii) "Contention-free" MAC-protocols. The core idea behind this is to 

investigate the significant research trend energy efficient radio scheduling protocols based on techniques is 

employed. The study shows that energy conservation is considered as the essential parameter to enhance 

the WSN lifetime. In this comprehensive survey study have mainly focused on investigation of potential 

energy sources and the research efforts on their utilization. A network-wide energy efficient protocol can 

better manage its operation while taking into account the nodes’ supply and energy consumption. Therefore, 

we recommend to the research community to consider both, the energy supply as well as the energy 

consumption in parallel while designing an energy efficient algorithm. 
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