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Abstract: The domain of image signal processing, image 

compression is At Contribution of hybrid protocol has been 
gaining importance owing to more demands of energy efficiency 
among the communicating nodes in Wireless Sensor Network 
(WSN).  Review of existing literatures shows that hybrid MAC 
protocols has been not been evaluated over heterogeneous 
environment in WSN with no much consideration of temporal 
factors connected to it. Hence, the proposed system introduces a 
novel extensive hybrid MAC protocol (EH-MAC). The system 
introduces a mechanism where time synchronization with respect 
to assigned dynamic slots are considered followed by 
inter-synchronization of network. Apart from this, a relay node 
selection process has been used uniquely considering the state of 
static and mobile sensor nodes in the analysis environment. The 
proposed system also introduces an unique selection of node 
unlike conventional MAC protocols which offers a capability to 
control any form of idle listening within WSN. The simulated 
outcome of the proposed system has been found to offer higher 
residual energy, faster response time, lower memory consumption, 
and optimal throughput delivery performance in comparison to 
standard existing hybrid MAC schemes in WSN. 

 
Keywords: Energy, Network Lifetime, Hybrid MAC, Wireless 

Sensor Network, Time factor. 

I. INTRODUCTION 

Wireless Sensor Network (WSN) is known for its cost 
effective remote communication system which are even 
unreachable to human. It also offers working in various 
environment hazardous conditions in order to facilitate 
various applications connected with monitoring physical 
attributes [1] [2]. At present, WSN is also one of the integral 
parts of the Internet-of-Things which calls for massively 
connected sensor devices [3]. A closer look into various 
application of WSN will show that it is basically formed by 
large number of distributed sensors that performs 
communication using either single-hop or multi-hop approach 
[4].  
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Clustering is one of the common strategies to organize the 
process of data aggregation that directly contributes towards 
saving the unnecessary energy depletion [5]. At present, there 
are various strategies being evolved for saving the 
unnecessary energy depletion via routing using 
energy-efficiency techniques [6] [7]. However, MAC-based 
technique is primarily considered as the suitable technique for 
energy conservation [8] [9]. In order to evolve up with a good 
approach, it is essential to understand the problems connected 
with energy depletion. The prime factor of energy depletion is 
collision which occurs due to an event of re-transmission of 
data packets in case of failure of prior transmitted data packet 
to reach its destination for any reason. This event of 
re-transmission consumes much time, delay as well as energy. 
The secondary factor for energy consumption is overhearing 
where the data packets arrive to certain sensors which is 
actually not the destination node. Such problem occurs due to 
defective routing strategy. The third factor for energy 
consumption is overhead due to beacons.  Although, the 
beacons are very less in size in comparison to the data packet 
but they too consume energy when attempted to be forwarded. 
Problem occurs when unnecessary data are also considered 
for data forwarding causing depletion of both transmitting and 
receiving beacons. Finally idle listening is another reason for 
energy drainage in WSN which happens when the node 
expends its energy to receive some data which is yet to be / not 
forwarded. All the above mentioned problems occur in large 
scale WSN application where the communication is quite 
distributed. Unfortunately, existing MAC schemes will do 
just the opposite as it allows the sensor to perform the 
listening operation over the communication channel that is 
needed to obtain the possible traffic information. Such MAC 
schemes are either CDMA or IEEE 802.11 and these scheme 
drains out nearly half of the residual energy of the sensor 
nodes. To design a good MAC protocol for the wireless 
sensor networks, we have considered the energy efficiency 
attribute. As the sensors are supported by the limited power 
supply, therefore, it is quite a difficult task to develop 
energy-efficient protocols. Apart from this, scalability and 
computational complexity is another factor that is required to 
be considered while evolving up with a new MAC scheme for 
energy efficiency. Finally, adoption of hybrid scheme and 
further investigation towards hybrid scheme will offer more 
insights towards the beneficial charecteristics that can be 
obtained by jointly using multiple approaches of MAC. This 
paper has reviewed the existing approaches of MAC and as 
addressed the existing research problem by introducing a 
novel framework of further 
extension to hybrid MAC 
system.  
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The complete implementation has been carried out over our 
prior research framework of hybrid MAC system where smart 
features are also incorporated for energy efficiency. The study 
outcome claims of achieving better energy efficiency 
performance for large scale of WSN environment. 

The organization of the paper is as follows: Section ‘A’ 
discusses about the existing literatures where different 
techniques are discussed for detection schemes used in power 
transmission lines followed by discussion of research 
problems in Section ‘B’ and proposed solution in ‘C’. Section 
II discusses about algorithm implementation followed by 
discussion of result analysis in Section III. Finally, the 
conclusive remarks are provided in Section IV. 

A. The Background 

Our prior review has discussed various existing 
approaches of energy efficiency in WSN [10] and this section 
further upgrades the information about the MAC based 
approaches. Approach towards resisting the collision events 
was addressed in the recent work of Alfouzan et al. [11] where 
the authors have used MAC protocol on the basis of depth 
layering with a capability to schedule the transmission. 
Similar form of scheme was also considered in the study of 
Yang et al.[12] where a time-based waiting option was 
constructed for enhancing energy conservation. Xu et al. [13] 
have addressed the delay problem in WSN using apaptive 
beaconing process where the listening and transmission 
operation is discretely designed. Similar adaptive MAC 
protocol was also designed by Siddiqui et al. [14] where 
Poisson arrival has been used to enhance the quality of 
service in communication system of WSN. Pegatoquet et al. 
[15] has introduced an energy harvesting scheme that 
facilitates multi-hop communication system applicable for 
dual radio system. Most recently, the work of Liu et al. [16] 
have introduced an approach for delay minimization by using 
quorum-based MAC protocol for achieving further 
adaptiveness. Another adaptive based approach was carried 
out by Du et al.[17] where sampling scheme has been used for 
its supportability over access to opportunistic spectrum. The 
study contributes to conserve the energy of the cognitive 
sensors. Ha et al. [18] has presented a unique approach where 
harvesting operation is carried out first followed by 
transmission operation using Markov modeling and 
probability theory. Singh et al. [19] have discussed a 
cross-layer based approach for minimizing delay using 
contention-based MAC protocol that enables increase in the 
number of sensors that transmit data. Study towards 
contention-based MAC was also carried out by Agarwal et al. 
[20] using stochastic modeling approach along with renewal 
theory. Li et al. [21] have implemented a routing on the basis 
of the depth-factor considering underwater sensors. Aoudia et 
al. [22] have developed a model using Markov Chain with a 
focus on delay and energy reduction. Guimaraes et al. [23] 
have discussed a simulation based study for addressing the 
collision problem. Alvi et al. [24] have presented discussion 
about the adaptive approach emphasizing on using smaller 
time slots and knapsack algorithm for incorporating adaptive 
feature. Gouyong et al.[25] have investigated the influence of 
channel state information with artifacts which is used as a part 
of energy conservation scheme. Glaropoulos et al. [26] have 
used cognitive scheme of MAC using their analytical 
modeling. Le et al. [27] have discussed a solution where the 

power saving module has been created for minimizing the 
fluctuation of the wake-up schedule in WSN.  Varga et al. 
[28] have developed a harvesting approach where specific 
beacon approach has been utilized for constructing MAC 
protocol with a capability to fine-tune the duty cycle 
associated with power saving sensor. Therefore, it can be seen 
that there are various approaches constructed in existing 
system for facilitating energy saving properties. However, 
these schemes are associated with specific limitation 
irrespective of the advantages claimed by the researchers. The 
next section outlines the research problem. 

B. The Research Problem 

The significant research problems are as follows: 
 Applicability of MAC protocols over heterogeneous 

environment of sensory application is quite 
challenging to develop and complex to ensure design 
viability. 

 Existing approaches do not offer any system model for 
asynchronous model of communication where 
temporal factor is slighlt ignored. 

 There are less study towards inter-synchronized 
communication approach using hybrid MAC 
protocols. 

 There are less standard models where hybrid MAC 
has been used extensively in multiple model of 
sensor node operation. 

Therefore, the problem statement of the proposed study 
can be stated as “Developing a cost-effective computational 
model for hybrid MAC protocol that can offer extensive 
facilitation of communication performance as well as energy 
saving.” The next section highlights the solution to address 

this issue. 

C. The Proposed Solution 

The proposed study is an extention of our prior 
implementation of hybrid MAC protocol [29]. This part of the 
study considers analytical research methodology that mainly 
targets to address the issues related to low power listening. 
The technique also aims to permit any node to directly access 
the slot from owner node that is equivalent to TDMA 
scheduling. The design considers scenario of both static and 
mobility modeling of applications in sensor network. The 
study will consider that a cluster consists of three different 
types of nodes, i.e. cluster head, candidate member node and 
member node. The topology assumes that each cluster head 
are highly connected to each other using an IP network where 
each cluster head serves both data from both static and mobile 
application. The schematic diagram is as shown in Fig.1: 
Initially, a system model is build, which is nearly same as that 
of SF-HM, where the system uses asynchronous 
communication system in order to initiate discover of 
communication channel. A single hop communication is used 
by two sensors to establish connection. The technique will 
allow accessibility to owner slots by all the nodes and it uses 
CSMA to access other slots. The next step is to perform 
selection of one hop neighbor node followed by allocations of 
specific slots. This feature potentially assists in adjusting the 
proposed system with mobility.  
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The study will also use the concept of time synchronization to 
fine tune the problem of clock drift as it will be used for 
modeling purpose. 

System Model

asynchronous 
communication

Selection of One-Hop 
Neighbor Node

Slot Allocation

Intra-semi-synchronized 
Communication

Time 
SYnchronization

Inter-synchronized Communication

Node Selection 
Process

Idle Listening 
ControlModel

Perform Routing

 
Fig.1 Schematic Diagram of EH-MAC 

The next phases of communication perform intra and 
inter-communication that initiates with carrier sensing. A 
significant mathematical modeling is designed in order to 
model the hypothesis that shorter preamble can enhance the 
network lifetime of a sensor.  
The final part of the modeling is to check for the power 
dissipation performance in idle mode. The core agenda in this 
final stage is to fine tune the modeling in order to make the 
idle time equivalent to off time of the nodes in order to resist 
the node to consume energy without doing any work. The 
routing is followed after all this to perform energy efficient 
communication. 

II. SYSTEM IMPLEMENTATION 

The core goal of the proposed system design is to evolve up 
with constructing a strategy towards development of an 
extensive hybrid MAC approach with an enhanced capability 
of communication efficiency considering different mode of 
communication in WSN. This section discusses about the 
assumptions and dependencies, design strategy, and 
execution flow for achieving the proposed system. 

A. Assumptions and Dependencies 

The primary assumption of the proposed system is that 
both the transmitting sensor as well as receiving sensor is 
assumed to consider depleting energy for each cycle of data 
aggregation.  

The secondary assumption of the proposed system is that 
it introduces an auxiliary node which after obtaining the 
confirmation from the member node of onecluster, the 
auxiliary node assumes that request beacon is successfully 
transmitted. The tertiary assumption of the proposed system 
is that it uses both single and multihop where single hop is 
used only for capturing the environmental data while 
multihop is used for finishing the data aggregation cycle. The 
fourth assumption of proposed system design is to assume that 
there is aspontaneous degradation of energy even in idle 

mode. Owing to the adoption of the sleep scheduling 
approach, the study assumes the sensors to be working under 
active and passive state. Finally, the sensing capability of the 
sensor is assumed to be very smaller than the complete 
simulation area where the monitoring is carried out. 

B. Design Strategy 

The proposed system considers that there are three types of 
sensors viz. i) auxiliary node, ii) candidate auxiliary node, and 
iii) member node. All these three types of the nodes formulate 
a single domain of communication. A domain of 
communication is linked with application whereas all the 
nodes within its domain (except auxiliary node) are capable to 
sense different physical attribute within a single domain. For 
an example: consider that domain-1 is formed for industrial 
sensor where each member node can sense different 
environmental information. It will mean that all members as 
well as auxiliary candidate node are heterogeneous sensors. 
The auxiliary node is selected on the basis of maximum 
resource availability where they just fuse the data obtained 
from member node and forward it to either sink node or to 
next auxiliary node. All the sink nodes communicate via a 
cloud based IP network. Fig.2 gives the pictorial 
representation of the design implemented in proposed system. 

Sink-1 Sink-2

Domain-2

Domain-1 Domain-n

cloud

Auxiliary Node

Candidate Auxiliary Node

Member Node

 
Fig.2 Adopted Design of Implementation 

Fig.2 highlights that proposed system perform asynchronous 
communication system where one hop is mainly used for 
forwarding the fused data while multihop communication is 
faclitated between two domains. Inte-synchronization is 
carried out in same domain of communication while 
intra-communication takes place between two different 
domains. The process of node selection is carried out for 
electing auxiliary node while the energy modeling is carried 
out considering the energy factor during the idle mode too. 

C. Execution Flow 

The proposed system undergoes various set of process for 
constructing the extensive MAC approach towards leveraging 
energy efficiency in WSN. The complete execution process is 
constructed for minimizing consumption of energy and 
leveraging scalability. The first process is to perform 
selection of single hop in the proposed extended MAC 
approach where the selection of the relay node is carried out.  
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The steps of the algorithm are as follows: 
Algorithm for Relay Node Selection 
Input: n (number of sensors) 
Output: rnode (confirmed relay node) 
Start 
1. For i=1: n 
2.        snodedata(rnode) snode is source node and rnode is relay 
node of one hop 
3.        rnode=update[crel srel] 
4.        If dis(crel)>th 
5.            flag srel as crel 
6.            If dis(srel)>th 
7.                find new srel 
8.            If dis(crel srel)>th 
9.                flag msg to rnode 
10.          End 
11. Select new rnode 
12. End 
End  

The algorithm takes the input of n (number of sensors) 
which after processing yields an output of rnode (confirmed 
relay node). The algorithm considers that the entire node with 
single hop retains the information in the form of updates of the 
two discrete kinds of relay nodes that are within the 
reachability of one-hop neighbor node.The two types of nodes 
are core relay (Crel) and support relay (srel). Basically, core 
relay or auxiliary node is used for transmitting as well as 
receiving the packets to the immediate node which is 
characterized by single hop only. Therefore, the algorithm 
considers all the node n (Line-1) and then chooses the source 
node snode to forward data to its neighboring relay node rnode 
(Line-2). This relay node retains all the current information 
e.g. position of node, battery information, buffer, etc in the 
form of update associated with the core relay node and 
support relay node (Line-3). If the core relay node is found to 
exhibit displacement than it is required to ensure if this 
deplacement is significant enough to consider it as a 
movement. Therefore, the proposed system introduced a 
cut-off spatial distance th and if the displacement of core relay 
is found to be more than th (Line-4) than the system consider 
the support relay srel node as core relay crel node itself 
(Line-5). On the otherside, if the displacement of the support 
relay srel node is found to be more than cut-off th (Line-6) than 
the system looks for selection of new support relay srel node 
(Line-7). However, if the system finds both core relay crel and 
support relay srel node to be having higher displacement (or 
mobility) when compared with the cut-off value th than 
(Line-8) than a discrete message is flagged to relay node 
rnode (Line-9). This charecteristics of the algorithm offers 
better fine-tuning of the movement of the sensor nodes. A 
highly local slot of time is used in proposed system. 

Update of min 
2 nodes

Core Relay 
Node

Support Relay 
Node

Condition-1
CRN moved

SRNCRN

Condition-2
SRN moved

Find new CRN

Condition-3
Both CRN & SRN moved

Frwd msg 

Relay Node

Source node

 

Fig.3 Algorithm Processing Steps 

The next part of the implementation is connected with the 
communication over the similar domain of WSN. The 
complete lists of single-hop adjacent sensors are forwarded to 
sensors followed by transmission of message of shorter 
preamble in order to alert core relay crel node. However, if 
there is any form of failures of energy than the support relay 
srel node is required to forward the preamble message. The 
response is only forwarded to the transmitting node when it 
receives the preamble message of shorter length. This process 
is iterated until and unless the data is successfully forwarded 
to the support relay srel node with lesser extent of overhead. 
The novelty of this part of the study is that proposed system 
makes use of lower size of preamble message in compared to 
any existing MAC scheme that significantly causes issues of 
overhearing. Another interesting part of the proposed system 
is that contention windows with different time slots are used 
when a common neighboring sensor is corresponding with 
many sensors. This operation is carried out in order to manage 
traffic bottleneck problem. The selections of the slots of the 
sensors are carried out arbitrarly that significantly assists in 
communication without any collision. At the same time, there 
is no loss of data as sampling and randomization process is 
adopted while selecting similar time slots. The proposed 
system also has involuntary process of buffering data that 
contributes towards minimizing the time to wake up by the 
sensor while it also increases the network lifetime. In this 
buffering process, all the data ongoing is listened while a 
replica of the data is stored by the sensor that has been 
obtained irrespective of the actual receiver node and the 
process is continued until and unless the receiver node 
obtaines the acknowledgement of this data. The computation 
of the energy consumption is carried out with respect to three 
dependable parameters i.e. energy factor for carrier sensing, 
energy used for syncing destination and source node while 
attempting time synchronization, and drift factor of the 
computational clock in order to maintain track of time 
difference. The information about the rectified time is now 
received by core relay node (or support relay node too). 
Without a kind of usage of target address, the source node 
forwards a short preamble prior to forwarding the packet. The 
advantage of this implementation step is that it saves a higher 
degree of transmittance energy. The next phase of 
implementation is associated with the inter communication 
system where auxiliary node plays a prominent role.  

It is already known that auxiliary node is present in each 
domain of communicationwhere one auxiliary node in one 
domain communication with another auxiliary node in 
different domain in order to perform time synchronization. 
Basically, auxiliary node not only forwards the data that one 
of its node within the region has sensed (in single hop) but it 
also acts as relay node and forwards the information. 
Auxiliary node forwards a special beacon that has following 
information embedded within it viz. time for next data 
distribution, present time, consecutive aggregation time, and 
it also offers updated schedules for obtaining multiple data 
packets from the sensor within the domain. Now, after 
receiving theschedules from the auxiliary node, the member 
sensors are allowed to transmit as well as receive the sync 
message.  
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Once the transmission of the data from diferent domain is 
over, the sensors are permitted to transit to the state of 
sleep.One of the interesting part of the implementation is that 
the activeness of the sensor is ensured only during the 
transmission of the sync message from the auxiliary node 
because without it, the other member nodes will not be 
knowing the routines of sleep and awake state in proposed 
MAC protocol. 

Essential information to be noted is that the selectionof 
the auxiliary node is carried out on the basis of the strength of 
signal, remnant energy, and allocation of buffer space within 
the member node. Any candidate member node that has 
higher value of it can be selected as an auxiliary node. The 
moment the remnant energyof the auxiliary node is touches 
the threshold energy, the system generates a flag message 
which selects the candidate auxialiry node located at a nearest 
distance of the existing auxiliary node. In order to effectivenly 
control the computational overhead for selection of next 
auxiliary node, the proposed system uses a decisive-based 
approach that chooses the new auxiliary node on the basis of 
above three parameters.  The proposed system also assists in 
computing the instantaneous energy for the sensor nodes. The 
significant advantage of the proposed system is that it offers 
higher degree of flexibility where the member node can 
participate in the process of the election of auxiliary node. 
Initially, a preamble of shorter length is forwarded by the base 
station using broadcasting while as a part of response; the 

entire sensor performs computation of the spatial distance 
with respect to the base station on the basis of the strength of 
the signal. Only the sensor that obtains the preamble of shorter 
length and that transmission has been carried out over higher 
frequency of radio, that candidate member node becomes 
auxiliary node. Apart from this, the energy computation is 
carried out with respect to channel capacity, data packet 
length, transmission power, receive power, idle power, and 
sleep state. Therefore, a novel mechanism is introduced by the 
proposed system where an extended MAC protocol is 
implemented over WSN with a special emphasis over the 
energy efficiency.The algorithm is less iterative and more 
progressive in nature of its operation and therefore the 
algorithm offers less computational overhead. 

III. RESULT ANALYSIS  

The assessment of the study has been carried out in MATLAB 
considering 500 sensor nodes deployed randomly. All the 
sensors are initialized with 15J of energy which drains out in 
progression of communication. A test packet of 500 bytes has 
been used for analyzing the delivery performance while the 
memories of all the sensors are retained at 48 kilobyte. The 
outcome of the study is compared with existing hybrid MAC 
protocols e.g. Z-MAC [30] with respect to various 
performance parameters as shown in Fig.4 

 

  
(a) Residual Energy  (b) Processing Time 

  
(c) Memory Consumption  (d) Throughput 

Fig.4 Comparative Analysis 
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A closer look into the existing system shows that 
proposed system offer better energy efficiency as well as 
communication performance at same time (Fig.4).  The 
reason for optimal energy saving of the proposed system 
(Fig.4(a)) is that its unique scheduling technique allows the 
node to maintain a good sleep time without affecting the 
current communication system whereas Z-MAC includes 
increased number of energy monitoring activity resulting in 
overall drainage of energy after 1000 rounds. A-MAC offers 
better energy saving compared to Z-MAC due to its adaptive 
nature; however owing to its adaptive properties of its duty 
cycle. This is also the reason that proposed system offers 
faster processing owing to the use of shorter preamble as 
compared to Z-MAC and A-MAC (Fig.4(b)). The complete 
algorithm works on run-time and no intermediate information 
is saved resulting in lower memory consumption in contrast to 
exitsing hybrid MAC (Fig.4(c)).. The selection of the relay 
node is one essential contribution of proposed system and it 
offers a comprehensive route formation with a highly time 
synchronized sensors resulting in better throughput 
performance (Fig.4(d)). However, both A-MAC and Z-MAC 
offers nearly equivalent performance in data delivery as it 
only target the node with high residual energy for forwarding 
the data. The proposed system throughput is better as it 
formulates the routes and takes assistance of any sensors 
which satisfies the multiple criteria of staticness and mobility 
(discussed in prior section). Therefore, the proposed system 
can be claimed for offering cost effective hybrid protocol with 
a good balance over energy conservation performance as well 
as communication performance too. 

IV. CONCLUSION 

This proposed paper has presented a novel design of 
hybrid MAC protocol with a target that adoption of diverse 
form of sensors can be collaboratively used in WSN for cost 
effective and energy efficient data aggregation process. 
Different from existing approaches, the proposed system 
considers that a node could be either static or mobile and each 
cluster is formed with nodes with unique sensing towards 
different environmental attributes. The study also considers 
the presence of the entire base stations are connected via IP 
networks (cloud). The prime contribution of the proposed 
study is that i) it offers a unique relay node selection process 
unlike any existing system for energy efficient data 
forwarding scheme, ii) increased data throughput with energy 
efficiency,iii)  higher supporability of mobility, iv) highly 
reduced computational efficiency. 

ACKNOWLEDGMENT 

The authors would like to thank the Head of the 
Department, Principal and Management of RajaRajeswari 
College of Engineering and Sapthagiri College of 
Engineering, Bangalore for their generosity towards 
supporting the research work.  

REFERENCES 

1. Akyildiz, Ian F., Tommaso Melodia, and Kaushik R. Chowdury. 
"Wireless multimedia sensor networks: A survey." IEEE Wireless 
Communications 14, no. 6 (2007): 32-39. 

2. Mon, Yi-Jen, Chih-Min Lin, and Imre J. Rudas. "Wireless sensor 
network (wsn) control for indoor temperature monitoring." Acta 
Polytechnica Hungarica 9, no. 6 (2012): 17-28. 

3. Ambore, Bhagyashree. "Novel model for boosting security strength 
and energy efficiency in internet-of-things using multi-staged game." 
International Journal of Electrical & Computer Engineering 
(2088-8708) 9 (2019). 

4. Vincze, Zoltan, Rolland Vida, and Attila Vidacs. "Deploying multiple 
sinks in multi-hop wireless sensor networks." In IEEE international 
conference on pervasive services, pp. 55-63. IEEE, 2007. 

5. Almukhtar, Hussam M., Zaid H. Al-Tameemi, Karrar M. Al-Anbary, 
Mohammed K. Abbas, Hung-Yao Hsu, and Dalya H. Al-Mamoori. 
"Feasibility study of achieving reliable electricity supply using hybrid 
power system for rural primary schools in Iraq: A case study with Umm 
Qasr primary school." International Journal of Electrical and Computer 
Engineering (IJECE) 9, no. 4 (2019): 2822-2830. 

6. Chiwewe, Tapiwa M., and Gerhard P. Hancke. "A distributed topology 
control technique for low interference and energy efficiency in wireless 
sensor networks." IEEE Transactions on Industrial Informatics 8, no. 1 
(2011): 11-19. 

7. Rault, Tifenn, Abdelmadjid Bouabdallah, and Yacine Challal. "Energy 
efficiency in wireless sensor networks: A top-down survey." Computer 
Networks 67 (2014): 104-122. 

8. Priyadharshini, S. G., C. Subramani, and J. Preetha Roselyn. "An IOT 
based smart metering development for energy management system." 
International Journal of Electrical & Computer Engineering 
(2088-8708) 9 (2019). 

9. Demirkol, Ilker, Cem Ersoy, and Fatih Alagoz. "MAC protocols for 
wireless sensor networks: a survey." IEEE Communications Magazine 
44, no. 4 (2006): 115-121. 

10. Anitha, K., and S. Usha. "Research Pathway towards MAC Protocol in 
Enhancing Network Performance in Wireless Sensor Network 
(WSN)." INTERNATIONAL JOURNAL OF ADVANCED 
COMPUTER SCIENCE AND APPLICATIONS 8, no. 7 (2017): 
37-44. 

11. Alfouzan, Faisal Abdulaziz, Alireza Shahrabi, Seyed Mohammad 
Ghoreyshi, and Tuleen Boutaleb. "An Energy-Conserving 
Collision-Free MAC Protocol for Underwater Sensor Networks." IEEE 
Access 7 (2019): 27155-27171. 

12. Yang, Xin, Ling Wang, and Zhaolin Zhang. "Wireless body area 
networks MAC protocol for energy efficiency and extending lifetime." 
IEEE sensors letters 2, no. 1 (2018): 1-4. 

13. Xu, Xinmeng, Ning Zhang, Houbing Song, Anfeng Liu, Ming Zhao, 
and Zhiwen Zeng. "Adaptive beaconing based MAC protocol for 
sensor based wearable system." IEEE Access 6 (2018): 29700-29714. 

14. Siddiqui, Shama, Sayeed Ghani, and Anwar Ahmed Khan. 
"ADP-MAC: An adaptive and dynamic polling-based MAC protocol 
for wireless sensor networks." IEEE Sensors Journal 18, no. 2 (2017): 
860-874. 

15. Pegatoquet, Alain, Trong Nhan Le, and Michele Magno. "A Wake-Up 
Radio-Based MAC Protocol for Autonomous Wireless Sensor 
Networks." IEEE/ACM Transactions on Networking 27, no. 1 (2018): 
56-70. 

16. Liu, Yuxin, Kaoru Ota, Kuan Zhang, Ming Ma, Naixue Xiong, Anfeng 
Liu, and Jun Long. "QTSAC: An energy-efficient MAC protocol for 
delay minimization in wireless sensor networks." IEEE Access 6 
(2018): 8273-8291. 

17. Du, Manyi, Meng Zheng, and Min Song. "An adaptive preamble 
sampling based MAC protocol for cognitive radio sensor networks." 
IEEE sensors letters 2, no. 1 (2018): 1-4. 

18. Ha, Taeyoung, Junsung Kim, and Jong-Moon Chung. "HE-MAC: 
Harvest-then-transmit based modified EDCF MAC protocol for 
wireless powered sensor networks." IEEE Transactions on Wireless 
Communications 17, no. 1 (2017): 3-16. 

19. Singh, Ripudaman, Brijesh K. Rai, and Sanjay K. Bose. "A low delay 
cross-layer MAC protocol for k-covered event driven wireless sensor 
networks." IEEE Sensors Letters 1, no. 6 (2017): 1-4. 

20. Agarwal, Vivek, Raymond A. DeCarlo, and Lefteri H. Tsoukalas. 
"Modeling energy consumption and lifetime of a wireless sensor node 
operating on a contention-based MAC protocol." IEEE Sensors Journal 
17, no. 16 (2017): 5153-5168. 

21. Li, Chao, Yongjun Xu, Boyu Diao, Qi Wang, and Zhulin An. 
"DBR-MAC: A depth-based routing aware MAC protocol for data 
collection in underwater acoustic sensor networks." IEEE Sensors 
Journal 16, no. 10 (2016): 3904-3913. 

22. Ait Aoudia, Faycal, Matthieu Gautier, Michele Magno, Olivier Berder, 
and Luca Benini. "A generic framework for modeling MAC protocols 
in wireless sensor networks." IEEE/ACM Transactions on Networking 
(TON) 25, no. 3 (2017): 1489-1500. 

 
 
 
 
 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-2, December 2019 

710 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: B6815129219/2019©BEIESP 
DOI: 10.35940/ijitee.B6815.129219 
Journal Website: www.ijitee.org 

23. Guimaraes, Vinicius Galvao, Adolfo Bauchspiess, and Renato Mariz 
de Moraes. "Dynamic timed energy efficient and data collision free 
MAC protocol for wireless sensor networks." In 2013 IEEE 
Latin-America Conference on Communications, pp. 1-6. IEEE, 2013. 

24. Alvi, Ahmad Naseem, Safdar Hussain Bouk, Syed Hassan Ahmed, 
Muhammad Azfar Yaqub, Mahasweta Sarkar, and Houbing Song. 
"BEST-MAC: Bitmap-assisted efficient and scalable TDMA-based 
WSN MAC protocol for smart cities." IEEE Access 4 (2016): 312-322. 

25. Dai, Guoyong, Chunyu Miao, Kezhen Ying, Kai Wang, and 
Qingzhang Chen. "An Energy Efficient MAC Protocol for Linear 
WSNs." Chinese Journal of Electronics 24, no. 4 (2015): 725-728. 

26. Ghiasian, Ali. "Energy Aware Media Access Algorithm at the Presence 
of Channel State Information Error in Wireless Sensor Networks." 
IEEE Sensors Journal 15, no. 12 (2015): 6861-6868. 

27. Le, Trong Nhan, Alain Pegatoquet, Olivier Berder, and Olivier 
Sentieys. "Energy-efficient power manager and MAC protocol for 
multi-hop wireless sensor networks powered by periodic energy 
harvesting sources." IEEE Sensors Journal 15, no. 12 (2015): 
7208-7220. 

28. Varga, Liviu-Octavian, Gabriele Romaniello, Mališa Vučinić, Michel 
Favre, Andrei Banciu, Roberto Guizzetti, Christophe Planat et al. 
"GreenNet: An energy-harvesting IP-enabled wireless sensor network." 
IEEE Internet of Things Journal 2, no. 5 (2015): 412-426. 

29. Glaropoulos, Ioannis, Marcello Laganà, Viktoria Fodor, and Chiara 
Petrioli. "Energy efficient cognitive-MAC for sensor networks under 
WLAN co-existence." IEEE Transactions on Wireless 
Communications 14, no. 7 (2015): 4075-4089. 

30. Rhee, Injong, Ajit Warrier, Mahesh Aia, Jeongki Min, and Mihail L. 
Sichitiu. "Z-MAC: a hybrid MAC for wireless sensor networks." 
IEEE/ACM Transactions on Networking (TON) 16, no. 3 (2008): 
511-524. 

AUTHORS PROFILE    

Anitha K Pursuing Ph.D.in Computer Science & 
Engineering Sapthagiri College of Engineering, 
Visvesvaraya Technological university, Belagavi. 
She received M.Tech degree in Computer Science & 
Engineering from Visvesvaraya Technological 
University, Belagavi in 2007.Her areas of interest 
includes Wireless Sensor Networks, cloud 
computing, Internet of Things (Iot).She is Presently 

working as an Assistant Professor in CSE Dept., RajaRajeswari College of 
Engineering, Bangalore, Karanataka, India. 

 
Dr. Ramesh Shahabadkar, He is an internationally 
known patent researcher, academician, and academic 
leader. He has excellent track records of enhancing 
academics, teaching-learning and training. He has 27 
years of highly successful professional experience, 
out of which 5 years in patent research and 22 years 
in teaching at all levels of Engineering. An actively 

involved in technical education, corporate training programs and Intellectual 
property rights for United States Patent and Trademark office (USPTO). He 
taught various subjects in the area of computers and information technology 
across Telangana, Tamil Nadu and Karnataka State, India and Foreign 
Countries.  

 

 

 

 

 
 
 
 
 

 
 
 
 
 


