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Abstract—A new protocol must be developed to address the
hidden and exposed layer and the collision among the nodes
is the major challenging factor in Mobile Ad Hoc Network.
Many protocols were addressed to solve the issues which
were not able to give the permanent solution and still the
Hidden Exposed nodes issue remains in the Mobile Adhoc
Network. This article proposed the novel algorithm with the
maintenance of Hidden and Exposed Table formation and
Mutual Exclusion Request to Transmit (MERT), Mutual
Exclusion Release (MER) signal to support the MAC
(Medium Access Control) layer. Every node maintains the
Hidden and exposed table using the Mutual Exclusion
Medium access algorithm in each beacon signal. When a
node wants to transmit a packet to another node, it finds the
hidden and exposed nodes from the hidden and exposed
table, and sends a Mutual Exclusion Request signal to all of
the hidden and exposed nodes, instructing them not to
transmit the packet until the Mutual Exclusion Release is
received. The proposed work named as ME-Mutual
Exclusion, Medium Access Control (MAC) protocol were
implemented with the NS2.34 and results are compared
with the traditional Nullifying Medium Access Control
(NULLMAC) protocol, Receiver Dual Busy Tone Multiple
Access (RDBTMA) protocol, WIiCCP protocol WiMARK
protocol, CAD-CW protocol, Contention-Free cooperative -
Medium Access Protocol (CFC-MAC) protocol moreover
the result achieves the proposed work attain the maximum
Packet Delivery Ratio of 60%, less End to end Delay from 0
to 75ms and better Throughput.
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. INTRODUCTION

One of the most significant issues in the Mobile Adhoc
Network (MANET) is the Hidden and Exposed terminal
problem [1], which is caused by the inherent
characteristics of the MANET nodes’ ability to move
freely. Hussien and Mostafa [2] presented a complete
study on how to develop a MAC protocol using modern
techniques like as machine learning, deep learning, and
artificial intelligence. Finally, three features demonstrate
that machine learning techniques are ideally suited to
work for MAC protocol creation. Singh and K. Tepe [3]
conducted a real-time MAC protocol comparison analysis
and proposed the S-MAC real-time protocol.

To address the exposed nodes difficulties in the
Mobile Ad Hoc Network (MANET), Sivaram et al. [4]
suggested the Remote Direct Memory Access
(RDBTMA) protocol, which is based on Real-Time
Strategy (RTS), Communication Technology Services
(CTS) and busy tone signals. Kai and Xing [5] presented
the Exchange-Traded Fund (ETF), Medium Access
Control (MAC) protocol, which wuses a novel
multichannel MAC to address the exposed terminal
problem. The virtual jamming issues [6] and RTS/CTS
for creating JAM in wireless networks are addressed, as
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well as the WICCP protocol to resolve the hidden node
issues. Other techniques such as Omni directional
antenna, increased transmission time, and software
enhancement are supported for improving the hidden and
exposed node problems, but software updates are not
precise.

Reddy et al. [7] proposed the MAC protocol, which
includes sensor and directional antenna support. Kumar
[8] designed a trustworthy MAC protocol to eliminate the
hidden and exposed node problem by providing an
addressing technique and a channel access mechanism. In
this article, Kumr et al. [9] proposed a new resource
allocation protocol to improve Quality of Service (QoS)
in. MANET Transmission Control Protocol/ Internet
Protocol (TCP/IP).

Kalfas et al. [10] presented a hybrid technique for
eliminating hidden and exposed nodes, which they
dubbed WIMARK. Kumar et al. [11] this paper proposes
a nullifying MAC framework for Adaptive Antenna
Array to address MAC layer concerns such as concealed
terminals, beam problems, and deafness nodes, among
others. Simulation was performed using OPNET and
MATLAB, and the results achieved limits of 27.22%
throughput and 40.46% SNR increase. Linn et al. [12]
suggested a technique to reduce heterogeneous collisions
using the distributed contention-free cooperative Medium
Access Control (CFC-MAC) protocol, which is supported
by a corporative communication system and a corporative
forwarding mechanism.

Several solutions have been developed to alleviate the
hidden and exposed nodes problem in wireless networks
caused by mobility shifts. Major proposed techniques for
dealing with concealed and exposed nodes include the
implementation of MAC layer protocols. A group of
authors proposed MAC protocols for the Medium Access
Layer, including the Nullifying Medium Access Control
(NULLMAC) protocol [11], the RDBTMA protocol [4],
the WiCCP protocol [6], the WiIMARK protocol [10], the

CFC-MAC protocol [12] and the CAD-CW protocol [13].

However, each protocol did not achieve all of the
performance parameters and lacked some others.

Another group of studies attempted to change the
RTS/CTS signal [6, 8] utilizing corporative and
distributed techniques; nevertheless, this research was
unsuccessful when the nodes were mobile. A few
research have been done on internal properties such clock
synchronization, receiver sensitivity, and SINR values.
Directional antenna approaches, rather than Omni
directional antennas, were developed to address the
Hidden and Exposed node problem. The adaptive antenna
array [11] is the most current advancement in antenna-
centric research. The MAC layer difficulties were
addressed using modern methods [2], including machine
learning, deep learning, artificial intelligence, and cluster
algorithms.

All of the solutions could not provide a definitive
answer to the Hidden and Exposed node issues. Several
solutions are still being researched to find a solution. This
research article focuses on addressing hidden and
exposed nodes issues by introducing the MAC protocol
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names Mutual Exclusion Medium Access protocol (ME-
MAC), which forms the Hidden and Exposed table based
on node locations, as well as two packet sending signals
named MERT/MER. Before transmitting a packet to any
other node, the transmit nodes issue a Mutual exclusion
Request to all of the hidden and exposed nodes in the
table. The other nodes agree not to transmit any packets
until they receive the mutual release signal. This
MERT/MER signal helps to avoid collisions in the
MANET when packets are being transmitted, which also
helps to improve the MANET’s performance. Research
work uses the Venn diagram for forming the Hidden and
Exposed nodes table in every beacon signal.

The article is organized as follows: Section 1l
discusses the related research survey, Section Il
discusses the methodology for forming hidden and
exposed node tables and MERT/MER signal formatting,
Section 1V elaborates the simulation work in Results and
discussion, Section V concludes with the conclusion and
feature work.

Il. LITERATURE SURVEY ABOUT HIDDEN AND EXPOSED
NODES

Cai et al. [14] proposed broad cast access method in
randomized to control the efficiency of the channel with
the supported of clustering algorithm named as
distributed clustering algorithm. From the simulation
results simply produced the clustering algorithm takes
less time and minimum overhead also required less
maintenance even the mobile nodes are in mobility.
Kumar [15] were made the survey about the hidden
survey problem in MANET finally the survey reveals
only implementation of MAC protocol for overcome
hidden and exposed nodes issues with the support of
static routing.

Multi-Channel MAC protocol proposed by Almotairi
and Shen [16] named as MMAC-HR with two
interferences for controlling control and data channels.
the advantages of this protocol is the channels could able
to run without clock synchronization, simulations results
concentrates in achievement in improvement in network
delay and throughput comparing with existing MAC
channel protocol. Huang et al. [17] proposed the solution
for CAMAJ/CA, with collecting the two parameters of
antennas are receiver sensitivity and SINR value. This
work compatible only with MAC 802.11 standard and
proposed simulation shows the variation of gain 1.8 times
in single hop and 2.6 times gain in multihop flows.

To address the exposed nodes issues in the MANET,
Sivaram et al. [4] proposed the protocol names as
RDBTMA protocol which works based on the RTS/CTS
and busy tone signals. In addition to that fast
transmission is supported with the NACK signals and the
simulation results shows comparing with the existing
protocol, this research work achieved only the PDR
(17.8%), packet delay was 38%, throughput was
21.9%.and the packet loss was 14.9%. The ETF MAC
protocol was proposed by Kai and Xing [5] with new
multichannel MAC for addressing the exposed terminal
problem. Conflict free traffic channel work is carried out
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along with RTS/CTS dialogue for channel allocation; this
work avoids the packet collision. Simulation results are
compared with CAM-MAC protocol with the only few
performance factors like packet drop rate, Delay, Channel
utilization which shows the best.

A group of study work done on hidden nodes
challenges and its solving techniques done by Viral et al.
[6]. This article projected the virtual Jamming issues and
RTS/CTS for creating JAM in wireless network and also
addresses WICCP protocol to resolve the hidden nodes
issues and other techniques usages like Omni directional
antenna, increase  transmission  time,  software
enhancement are supports for improving Hidden and
exposed node problem but updating about the software's
are not precise. Mekala et al. [7] presented the MAC
protocol, which is implemented with Sensor and
directional antenna support, in this research to improve
the performance of wireless sensor networks. The MAC
protocol, with the help of a directional antenna, helps to
overcome the hidden and exposed node problem, and the
research simulation results generate a multihop that is
reduced across long distances and is energy optimized.

Adere and Murthy et al. [18] proposed an Omni-
directional and directional antennas-based MAC protocol
used in MAC to increase the performance of a wireless
sensor network. Incorporating the scheduling strategy on
every node and collision avoidance support for this work,
so unfair channel allocation could be avoided also
support for channel wastage in each node. Chen et al. [19]
proposed the higher throughput achieved MAP protocol
for CSMA to support 802.11 and Adhoc network for
parallel transmission. Research works examined CRI and
CSA to find the NP hard, then the time complexity was
derived as O (|X| log |X| + |X|M2) where |X| and M
denote the number of successful request, finally the
simulation results shown higher throughput.

Kai and Xing [5] suggested a unique MAC level
protocol with RTS/CTS signal support, reliable ACK,
and flexible traffic channel and multi channel selection.
This technique eliminates the exposed terminal problem
then the simulation results were proved better
performance compared with existing CAM-MAC
protocol. Real time MAC protocol comparative study
done by Singh and Tepe [3] proposed S-MAC real time
protocol, this work produced the consistence data
transmission, but the overhead was increased due to
control packets.

Kumar [8] designed a trustworthy MAC protocol for
eliminating the hidden and exposed node problem by
providing addressing technique and channel access
mechanism. Hemant et al. [9] focuses on proposing new
resource allocation protocol for improving QoS in
MANET TCP/IP. While designing the protocol which
added the feature of hidden and exposed nodes
elimination so that the QoS could be improved. Protocol
was simulated with V/UHF radios and tested the
performance of the TCP/IP which proved that there were
improvement only two parameters achieved in data rate
and jitter.
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Hybrid approach for elimination hidden and exposed
nodes were proposed by Kalfas et al. [10] which named
as WiMARK. A local matrix was maintained by all the
nodes for collecting other neighboring nodes current
location and with the support of RTs and Status messages
make the transmitter to transmit or receiving. This work
has been improved by include a sleep and awake protocol
for minimizing node energy use. In this survey articles
Hussien [2] revealed a comprehensive survey related to
designing a MAC protocol with novel techniques like
Machine learning, Deep learning and Artificial
Intelligence technique. Finally conclude three aspects that
machine learning technique is well adapted to work for
MAC protocol design.

Mahendrakumar et al. [11] nullified MAC framework
was proposed for Adaptive Antenna Array for addressing
the issues of MAC layer such as hidden terminal
problem, beam problem and deafness nodes etc.
Simulation was tested by using OPNET with MATLAB
and a result achieves limits on 27.22% throughput and
40.46% SNR increasing. K Pavithra and Gudodagi [13]
invented a technique for avoiding collision using
contention window named as CAD-CW. This techniques
maintain contention window where the highest priority
nodes packets get transmit first to avoid collision. This
techniques achieves the higher throughput, less delay and
overhead also consumes energy is minimum.

Linn et al. [12] proposed technique to reduce the
heterogeneous collision with the distributed contention-
free Cooperative Medium Access Control (CFC-MAC)
protocol, with the support of corporative communication
system and corporative forwarding
mechanism .Simulation finds out associated position to
investigate the collision , results of the simulation
comparison show that less delay and minimize the
collision. Zhou et al. [20] suggested an Intelligent Multi-
hop Low Duty Cycle (IMLDC) Media Access Control
(MAC) protocol based on Long Short-Term Memory
(LSTM) to address the short life cycle issue in UAVS.
For optimal mode environment, an LSTM neural network
was applied. Real-time simulation only the network life
cycle is improved by the LSTM-based IMLDC MAC
protocol over existing MAC protocols.

From the Literature survey, to address the MAC layer
hidden and Exposed terminal issues there are several
protocols were proposed, some novel techniques were
introduced, distributed channel allocation strategy also
addressed, RTS/CTS signal synchronization, introduction
of various algorithms, Uni directional antennas , adaptive
antenna array strategy and contention window for
allocating channels. For all the above method could not
able to resist the hidden and exposed nodes issues, as
well the research work was not address the all
performance in MAC layer, so still the research work is
needed to continuing the find solution for the Hidden and
exposed node problem and address all the performance.
This article elaborates the new algorithm which is
maintained in the way of table to support for hidden and
exposed nodes issue and two synchronization signals
MERT/MER support for collision avoidance.
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In this section the research work of the proposed
Mutual Exclusion MAC protocol will discuss. The role of
the protocol is to incorporate in the way of protocols with
MAC layer with the two values like hidden and exposed
nodes Table and packet synchronization signals Mutual
Exclusion Request Transmit and Mutual Exclusion
Release (MERT/MER) signal. This research work uses
Venn diagram for forming the mutual exclusion table and
the function of the Venn diagram union and intersection
makes the research to create the Table.

RESEARCH METHODOLOGY

A. Mutual Exclusion Hidden and Exposed Node Table
Creation

Creation of Hidden and Exposed nodes are based on
the nodes available position in the MANET. MANET
nodes are subject to change the location due to its
characteristics. The Hidden and exposed table are
dynamic in nature will be updated in every beacon signal
mobile node location changes.

Let set the MANET nodes N = (N1, N2, Na...,Nq}

Venn diagram makes forming of the set of nodes for
making the Region nodes R = (ry, ro, r3,...,l'n}
where every region Ri has set of MANET nodes

Ri ={nil, ni2, ni3..., nin}
for (i=1; 1 < maximum region Ri; i++)

{

for (j= i+1; j <Maximum region Rj; j++)

{

for (k =j+1; k< Maximum Region Rk;
k++)

{

Collect the list of nodes in Ri, Rj, and Rk
using
device location
List the Exposed nodes = Apply Ri NRk
DRi = Ri ~List of Exposed node
DRk = Rk ~L.ist of exposed nodes
Then the difference DRi and DRk nodes
Are the hidden nodes.

¥
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Fig. 1. MANET region nodes for hidden node prediction.

For an illustration, from the Fig. 1, three region nodes
are

Ri = {T,Q,S,H,0,P,N,M,L}

Rj = {O,G,H,P,N,M,L E,G,D}

Rk={N,M, L,E, G, C, A, B}

List of Exposed nodes = {N, M, L} using RI NRk

Create the difference DRi ={T, Q, S, H, G, O, P}

Using Ri~ list of exposed nodes

Create the difference DRk = {E, G, D, C, A, B}

Using Rk ~List of Exposed Nodes then the Difference
DRi and difference DRk nodes are hidden nodes

Hidden table is shown in Table I.

TABLE |. HIDDEN TABLE FOR THE FIGURE

LIST OF NODES In Ri
T,.5HGOQP

HIDDEN NODES in Rk
E,C,DG,B,D A

for (i=1; i < maximum region Ri; i++)

for (j= i+1; j <Maximum region Rj; j++)

{
for (k =j+1; k< Maximum Region Rk; k++)
for (I =k+1; 1< Maximum Region RI; 1++)

{

Collect the list of nodes in
Ri, Rj, Rk, RI;
List of Exposed nodes
DRi = Ri ~Rj;
DRI = Rk~RI;
Then DRi and DRI are exposed
nodes
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Fig. 2. MANET regions for exposed nodes prediction.

For an illustration, from Fig. 2, three region nodes are.
RI={H,B,C,F, D, H,E}
Rk={l,Q,K,P,J,N, L, M, O}

RI={O,N,P,Q,R,S, T}
Rj={G,J, 1, K, H, M, L}
DRi = {C, E, G, B, H, F}
DRI={P,Q,R, S, T}

DRL={P,Q,R,S, T}

Using the difference

DRi = Ri ~Rj AND DRi = Rk ~RI

Then the expose nodes are DRi and DRI are shown in
Table II.

TABLE Il. EXPOSED NODES TABLE

LIST OF NODES InRi Exposed Nodes in RI

C,F,HBGE P,T,R, QST

B. Mutual Exclusion Request and Release (MERT/MER)
Signal

After making the Hidden and Exposed nodes table of
each region, the two signals are making the
synchronization between the nodes to overcome hidden
and exposed nodes issues. MERT/MER is an
abbreviation for Mutual Exclusion Request for Transmit
(MERT) and Mutual Exclusion Release (MER). When a
source nodes want to transmit the packet to the
destination, a path is selected based on the routing
algorithm, then the nodes to avoid the collision, check the
Hidden and exposed nodes table and send the MERT
signal, to all the nodes in the table, this MERT is the
highest priority signal, other nodes could not transmit the
packet unless it receives the MER signal. The format of
MERT and MER is shown in the Table IlI.

TABLE IIl. MUTUAL EXCLUSION REQUEST

Source Seq Hidden State Previous Next

ID No node ID MERT hop node hop

node

102 3 106 Y 107 108
where

Source ID: Indicate the ID number of the Source Node
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Sequence Number - Generated by the forwarding node
to avoid duplication of packet flooding

Hidden node ID: Extracted from the source node
Hidden and Exposed Node Table.

State: Indicate two states which differentiate the signal
is Mutual Exclusion Request Transmit or Mutual
Exclusion Release.

Previous hop node: Indicate the previous node ID
initially generated by the source and updated by each
intermediate node.

Next hop node: Indicate the next node ID initially
generated by the source and updated by each intermediate
node.

Fig. 3. MERT/MER signal.

Fig. 3 shows the functioning design of the ME-MAC
protocol with the MERT/MER. The number of nodes
produces a hidden and exposed nodes table based on the
available current position in each beacon signal. When a
node wants to interact with another node, it sends a route
request and receives a route response, which is the
foundation of the MANET routing protocol. Aside from
that, before transmitting the packet to the destination D
from the Source S, as shown in Fig. 3, the Source node
and the MERT signal only to the hidden and exposed
nodes of the source S node, rather than to all of the nodes
in the MANET, thereby reducing the MANET’s
transmission load. Other receiving MERT signal nodes
were unable to communicate with the destination node D
until they received the MER signal from the source node.
This added feature includes the MAC protocol called
ME-MAC protocol, which helps to solve hidden and
exposed node difficulties and avoid collisions.

C. Workflow of ME-MAC Protocol

During the first stage, the simulation of NS2.34
designed in 500mx500m area. Several small division area
are defined in 50 mx50m which makes the region. The
nodes location under the region will be a region.
Likewise 10 regions are defined in the simulation.
Hidden and exposed region table generation is done by
the node which is in the region centre, and shares the
table to other node inside the region. In the second stage
the nodes wants to communicate to the other node which
generate the RREQ signal as usual in On Demand
protocol route selection.
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Fig. 4. Workflow for the ME-MAC protocol.

Once the reliable shortest route is selected then based
on the Hidden and Exposed nodes table in the sender
node, it sends the MERT signal to all the hidden and
exposed nodes, which is highest priority signal, other
nodes could not send any message to the destination node
from the next clock onwards unless it gets MER signal
from the source. This mutual agreement helps to avoid
Hidden and Exposed node issues in the MANET. While
communication the nodes changes the position, next
beacon signal help to get the nodes new location and
update the hidden and Exposed node table which is
elaborated in pictorial representation of Fig. 4.

IV. RESULT AND DISCUSSION

A. Simulation Setup

The novel ME-MAC protocol is designed to
implement using NS2.24, Maximum of 100 nodes. The
parameter initialized for the simulation is shown in the
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Table IV. The Table creation of hidden node and
Exposed node is the major role of this protocol. Initially
three nodes are defined for ensure table creation and
slowly nodes are increased up to 100 nodes. MERT/MER
synchronization signals support for avoiding collision
among the nodes. Hidden node and Exposed node table is
updated in every beacon signals.

When a sender node want to initiate communication to
the receiver node, it find the route between the nodes, this
research uses the on demand Ad Hoc On-Demand
Distance Vector (AODV) protocol for route creation.
When the medium is free, it sends the MERT signal to
only Hidden nodes and exposed nodes available in the
nodes. After a one beacon it start transmitting of the
packets, after all the packets get transmitted by the sender,
finally the sender node send the MER signal.

TABLE IV. NETWORK SIMULATOR PARAMETER SETUP

Parameter Value set
PHYSICAL LAYER DSSS
Minimum Contention Window 64 bit
Value

Maximum Contention Window 1024 bit
Value

Data Channel Rate 12Mbps
Data Rate 3Mbps
SIFS 15 18
DIFS 45 |5
Time slot 2018
Delay 218
Payload 10000bits
MAC Layer Header 100 bits
PHY Layer Header 100bits
ACK 150 bits
MERT 250 bits
MER 250 bits

B. Performance Analysis

The proposed ME-MAC protocol was simulated using
NS2.34, Initially the three nodes are defined to find out
the Hidden and exposed node table generation time. Then
the number of nodes is increased in the way to ten by ten
in every 20ms, and the time for generation of Hidden and
Exposed table are noted. There is no difficult for
generating the Hidden and Exposed table as well no delay.

Proposed ME-MAC protocol works as shown in Fig. 5,
the simulations work were conducted based on the
MANET performance factors Delay for Table Hidden
and exposed Table creation, Packet Delivery Ratio,
Throughput, End to end Delay. These parameters are
compared with existing MAC protocols of NULLMAC
protocol [11], RDBTMA protocol [4], WiCCP protocol
[6], WIMARK protocol [10], and CAD-CW protocol [13],
CFC-MAC [12].



Journal of Communications, vol. 19, no. 6, 2024

ME-MAC Protocol
Hidden and
Exposed Node Packet Transmission Release the Channel
Creation
=]
o
£ :
o Collect the Location
o
o S — Send MER signal
: en
g ¢ Find a Route —» B
E Region
Forming I N M
| Y v l
. If All the

- Start Sending —

= + y | /IF Route the Packet Ll > Packets

= - Expires or Send

= Form: Hidden and Node «— 1

- Exposed Nodes changes

z Table

-]

o

m

Fig. 5. ME-MAC simulation work.

C. Packet Delivery Ratio

The Packet Delivery Ratio is a ration between the
numbers of packet received from the sender with number
of packet send which is shown in Eqg. (1). Initially the
nodes are defined 3 numbers and slowly increased by 10
in every 20 ms. In parallel the Total Packet for
transmission defined initially 10 and slowly increases ten
by ten in every 20 ms. The Packet send from the source

node and packet received and the destination nodes are
computed for comparing the performance analysis.
Maximum Packet delivery ratio defined the best
protocol proved from which shown the maximum Packet
delivery ration. Table V shows the value received from
the simulation and the comparison among the other
protocol NULLMAC protocol, RDBTMA protocol,
WIiCCP protocol WiMARK protocol, CAD-CW protocol,
CFC-MAC protocols are depicted in the Fig. 6.

TABLE V. SIMULATION VALUE

Packet Received at the Destination

Nodes Packets NULLMAC RDBTMA WICCP WiMARK CAD-CW CFC-MAC ME-MAC
protocol Protocol protocol protocol Protocol Protocol Protocol

3 10 6 8 9 7 8 7 4

13 20 11 13 17 13 15 12 9

23 30 16 18 24 19 22 18 14
33 40 21 23 32 25 29 23 19
43 50 27 29 41 32 38 30 25
53 60 32 34 48 38 45 35 30
63 70 37 39 56 44 52 41 35
73 80 45 47 68 54 63 50 43
83 90 51 53 77 61 71 56 49
93 100 61 63 92 73 85 67 59

100 110 70 72 105 84 98 77 68

PDR = (Total Packet Received /Total Packet Send) x 100
@

From the Fig. 6 the NullMAC protocol throughput
achieved was 36% to 48%, RDBTMA protocol was 20%
to 44% at maximum, WiCCP Protocol was achieved 10%
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to 21% maximum, WiMARK protocol was achieved 24%
to 37%, CAD-CW Protocol achieved 24% to 34 % at
maximum, CFC-MAC protocol was achieved 30 % to
42%, and ME-MAC Protocol was achieved minimum
38% and Maximum 60 % compared with Other protocols.
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BCFC-MAC Protocol 34 40 41 42 41 41 42 38 38 33 30
OME-MAC Protocol 60 55 53 53 50 50 50 46 46 41 38

Fig. 6. Throughput analysis.

D. Throughput Analysis

Throughput is defined as the maximum number of
packets received from the sender and may be calculated
using the equation Eq. (2-3). Initially the nodes are
defined 3 numbers and slowly increased by 10 in every
20 ms. In parallel the Total Packet for transmission
defined initially 10 and slowly increases ten by ten in
every 20 ms. Payload is 10000bits and the Packet size
512 bytes, bandwidth 512 bytes, The Packet send from
the source node and packet received and the destination
nodes are computed for comparing the performance

analysis. Table VI shows the value received from the
simulation and the comparison among the other protocol
NULLMAC protocol, RDBTMA protocol, WiCCP
protocol WiMARK protocol, CAD-CW protocol, CFC-
MAC protocol with ME-MAC protocol are depicted in
Fig. 7. Maximum throughput produced protocol is proved
as the best protocol.

Throughput = Packet Size / Transmission Time (2)
Transmission Time = File Size /Bandwidth 3

TABLE VI. SIMULATION VALUE FOR THROUGHPUT ANALYSIS

Number of Nodes  TotalPackets  ROBTMA Mo (i00e - SR YTl roocol  Proocol Protocol
Protocol
3 10 1 2 1 1 1 2 1
13 20 2 2 1 2 1 2 1
23 30 2 2 1 2 1 2 2
33 40 2 2 1 2 1 2 2
43 50 2 2 1 2 1 2 2
53 60 2 2 1 2 1 2 2
63 70 2 2 1 2 1 2 2
73 80 2 2 1 1 1 2 2
83 90 2 2 1 1 1 2 2
93 100 2 2 1 1 1 1 1
100 110 2 2 1 1 1 1 2
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Fig. 7. Throughput analysis.

From the Simulation value, all the protocol
NULLMAC protocol, RDBTMA protocol, WiCCP
protocol WiMARK protocol, CAD-CW protocol, CFC-
MAC protocol and ME-MAC protocol the throughput
performance varies from 1 to 2. Fewer throughputs
achieved by WICCP Protocol and CAD-CW Protocol,
Maximum throughput achieved by NullMAC protocol,
remaining protocol RDBTMA protocol, WiMARK
protocol, CFC-MAC protocol and ME-MAC protocol
are produced the ranges from 1 to 2 shown in Table VI.

E. End to End Delay

End to End delay estimated as the time difference
between packet send from the source to packet arrival at
destination which is computed using Eq. (4). Packet send
from the sender side delay is Oms but there is varies delay
at the destination node which is shown in Table VIII and
Fig. 8 shows the comparison chart of delay between the
traditional NULLMAC protocol, RDBTMA protocol,
WIiCCP protocol WiMARK protocol, CAD-CW protocol,
CFC-MAC protocol with ME-MAC protocol.

EED = Total Data Packet x (Delay at dest - Delay Source)
(4)

The simulation value from Table VII shows that when
the less number of nodes starting at 3 numbers, the End
to End delay is less in other protocols NULLMAC
protocol, RDBTMA protocol, WIiICCP protocol
WIMARK protocol, CAD-CW protocol, CFC-MAC
protocol but delay in ME-MAC protocol is null. Next the
nodes increases the delay also get increases gradually in
all others protocol where the ME-MAC protocol delay is
reasonable due to Hidden and Exposed Table monitoring.
when the nodes becomes maximum 100, the delay
reached maximum of 116ms in WiCCP protocol, 108ms
in CAD-CW protocol, and moderate delay from 92ms to
77 ms in NULLMAC protocol, RDBTMA protocol,
WIMARK protocol, CFC-MAC protocol, but the ME-
MAC protocol delay is 75ms which is less delay
compared with other protocols delay

TABLE VII. END TO END DELAY

Number Total NULLMAC RDBTMA WIiCCP WIiIMARK CAD-CW CFC-MAC
of Nodes Packets Protocol Protocol Protocol Protocol Protocol Protocol ME-MAC Protocol
3 10 1 1 1 1 1 1 0
13 20 2 3 3 3 3 2 2
23 30 5 5 7 6 7 5 4
33 40 8 9 13 10 12 9 8
43 50 14 15 20 16 19 15 13
53 60 19 20 29 23 27 21 18
63 70 26 27 39 31 36 28 25
73 80 36 38 54 43 50 40 34
83 90 46 48 69 55 64 50 44
93 100 61 63 92 73 85 67 59
100 110 77 79 116 92 108 85 75
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Fig. 8. End to end delay.

V. CONCLUSION

This research paper finds that hidden and exposed
terminals never solve problems in the MAC layer,
necessitating the development of a method to address the
hidden and exposed nodes concerns. The novel protocol
design was proposed using an algorithm to support the
establishment of Hidden and Exposed Tables, as well as
the generation of MERT/MER signals to facilitate MAC
layer packet delivery without collision. The dynamic
nature of Hidden and Exposed table updates in each
beacon signal assists in the avoidance of node collisions
when MERT/MER hand shaking signals are used. MERT
signals are exclusively sent to sender nodes, hidden and
exposed nodes, such that other nodes cannot connect with
the receiver node until it receives the MER signal. This
synchronization technique helps to prevent MANET node
collisions caused by hidden and exposed nodes. The
novel ME-MAC protocol was implemented with NS2.34
and the results were compared to the traditional
NULLMAC protocol, RDBTMA protocol, WiCCP
protocol, WiMARK protocol, CAD-CW protocol, and
CFC-MAC protocol. Furthermore, the proposed work
achieved the maximum Packet Delivery Ratio of 60%, a
lower End-to-End Delay of 0 to 75ms, and a higher
Throughput. This work's features could be likened to
modern algorithms for machine learning, deep learning,
and clustering.
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