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Abstract: Duty cycle of a Medium Access Control (MAC) protocol
is made up of sleep phase, wake-up phase and listen phase. MAC
protocols usually proposes to optimize the duration of the wake-up
and listen phases, in order to increase the duration of the seep
phase, thereby reducing the unwanted energy consumption of the
wireless node. I n this paper, we propose an Artificial I ntelligence
(Al) and machine learning (ML) based approach, which uses a
hybrid combination of Time Division Multiple Access (TDMA),
Bitmap Assisted MAC (BMA) and Sensor MAC (SMAC). The
machine learning layer utilizes the duty cycle in the MAC layer,
and generates multiple solutions for a given wireless
communication. The Al layer then selects the best solution from
the generated solutions by incorporating a duty cycle factor in the
selection function, thereby optimizing the duty cycle of the
protocol. The proposed system shows a 15% improvement in
communication speed, and a 10% reduction in energy
consumption across multiple communications. We plan to further
extend this work for rural India, and apply it to real time
agricultural applications.

Keywords: Artificial Intelligence (Al), MAC, TDMA, BMA,
SMAC, Duty cycle.

I. INTRODUCTION

Duty cycle controlsthe wake up, deep and listen states of a
node in the MAC protocol. Initialy the node is in the sleep
phase, during the sleep phase the node does not perform any
communication activities, but waits for getting into listen
phase. In the listen phase, the node consumes minimal power
and listens for any packets which might match its signature
[1]. If the packet's signature matches with the node, then it
goes into wake up mode and performs operations according
to the packet in picture, if the signature does not match it
again goes into sleep mode for a particular number of clock
cycles as decided by the MAC protocol [2].

Tuning the duty cycle carefully and making it optimum is a
task of utmost importance when it comesto designingaMAC
protocol. If the sleep phase is made too large, then the node
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might miss some packets, which will affect the packet
delivery ratio and the throughput of the network, while a
shorter deep phase will toggle the node between listen and
seep phases rigorously[3] thereby increasing the power
consumption of the node, and reducing the lifetime of the
network. While sleep phase is of importance, the listen up
phase must also be carefully planned [4]. A shorter listen
cycle might reduce the successfully captured packet patterns,
which might reduce the packet delivery ratio and affect the
throughput too, while a longer listen cycle will increase the
energy consumption exponentially, and the effect will be
much larger as compared to that of alonger sleep phase [5].
Therefore, a carefully planned duty cycle is needed in order
to optimize the deep and listen phases. The wakeup phaseis
generally automatically optimized, because it starts when the
packet signature is matched in the listen phase, and ends as
soon as the packet reception is completed [6].

In this paper, we propose novel machine learning based MAC
protocol which takes into consideration the duty cycle
optimization of the nodes, so that wake up, listen and deep
phases are optimized. In the next section we describe various
duty cycle optimization protocols, and their comparisons,
followed by our Duty cycle based machine learning and Al
based MAC protocol with localized learning, the paper
concludes by the comparison of standard MAC protocol
results with our optimized protocol. We aso propose some
future areas in which this work can be taken further in order
to assist the node lifetime in agriculture industry.

[I. LITERATURE SURVEY

Here we review various duty cycle aware protocols, which
make sure that the sleep phases are given most of the cycle,
while the awake phases are turned ON when needed [7]. This
reduces the power consumption by many folds [8], and
reduces latency in the network. Authors in [9] eval uate that
the energy consumption is more in wake phase than sleep
phase. WSN MAC protocols are either synchronous or
asynchronous. Synchronous protocols have fixed wake and
deep cycles, while asynchronous ones have wake and sleep
cycles either initiated by transmitter or receiver. Transmitter
initiated approach is when the transmitter keeps on sending
bursts of data whenever a sufficient amount of it is available,
while receiver-initiated approach uses beaconing techniques.
These approaches are further divided into multiple
categories, some of which are described in this section.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.B4083.129219&domain=www.ijeat.org

I mproving Duty Cycle-based MAC Protocol in Wireless Networ ksusing Al and Machine L earning

A. Synchronous MAC with low duty cycles

Every node generally has wake and sleep modes. Wake
modes are transmission/reception modes while sleep modes
are resting periods, where minimum amount of energy is
consumed by the receiver and transmitter alike.

In [10], authors have introduced Power Aware Clustered
TDMA (PACT) to employ passive aggregation, where
network nodes perform power aware time division multiple
access using a clustered approach. Nodes are classified into
norma nodes, cluster heads and gateway nodes. Both
gateway and heads interchange their duties in order to
conserve power. Usually synchronization consumes a lot of
power due to the fact that the nodes need to communicate
with each other for higher level of stability in
communication. Also, any node which has knowledge about
the network can perform communication, which causes high
delay and security issues as well. A WSN based MAC
protocol named as Sensor MAC or S-MAC is proposed in
[11]. It supports self-configuration and reduces energy
consumption by tightly integrating the sleep and wake cycles
[12]. SMAC assumes that applications are not-real time and
can endure some latency if power efficiency is improved.
Thisit cannot be used for applications which are delay-aware
like high speed sensor applications. Thus, in this case, the
nodes sleep and wake up as per the power requirement of the
network and the neighbouring nodes. Therefore, nodes wake
up based on the schedule given to them by their neighbours,
and thus each neighbour always has some communication
dots remaining for performing transmission and reception.
Network can thus perform Request-To Send (RTS)/
Clear-To-Send (CTS) signalling as nodes can go from wake
stage to idle stage to dleep stage. SSMAC uses bursts to send
data between nodes [13]. Thus, there are a lot of fragmented
packets, which leads to fragmentation of the network. Due to
this fact the overall QoS parameters like delay, jitter,
throughput and packet delivery ratio (PDR) are affected [14].
Due to the multi-hop nature of SMAC the fairness of the
network can reduce and thus the network might not perform
well in real time cases [15]. This increases the latency in the
network. T-MAC [16] boosts the performance of SSMAC by
introducing dynamic clock cycle arrangement rather than
static one. Here the communication takes place in bursts of
dynamic length, and thereby not making the network proneto
delays and other issues. This also predicts the length of the
variable packets by keeping a check on the observed packet
sizes. T-MAC uses the RTS and CTS method. IfRTS doesn’t
get CTS response then it tries out once more before going to
next packet. Here the data is sent in one hop, thereby
reducing the latency when compared to SMAC. Here the
neighbour waits for some clock cycles before sending data or
going to sleep. Due to which some of the QoS parameters are
improved. RMAC [17] has 3 states in every communication
cycle (SYNC, WAKE, and SLEEP). It uses a pioneer frame
to show status to other nodes in the network. An upgradation
to RMAC is called as P-MAC [18] which sends multiple
packets per duty cycle and thus handles higher traffic than
RMAC. This protocol performs node clustering around the
receiver node, and thus uses receiver-based communication
system. Clustered nodes maintain similar timings for
communication which is differentiated by different clusters
of the nodes. It uses pipelining for communication, and the
clustering information is sent via RTS, to which CTS
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responds in a continuous window, and thus performs
synchronous communication.

B. Asynchronous MAC protocols with low duty cycle

Berkeley MAC ak.a. B-MAC [19] isan asynchronous MAC
protocol. In B-MAC, each node has independent
programming cycles. Each node keeps on transmission of
data enabled for a period longer than other node’s sleep time,
thereby all requested nodes will at least be ON for one cycle
to get the request of this transmitting node. Once the node
getsthe data, it checksthe pre-amble bits, and goesinto sleep
or stays awake based on the addressing. The major drawback
is overhearing, which can be reduced, but due to this the
overall network QoSisimproved. X-MAC [20] reducesthese
drawbacks by keeping preambles as short as possible. The
short preamble only contains target address, thereby reducing
the delay in communication, and also helping the
non-targeted nodes to go into sleep mode as early as possible
[21]. The major issue due to short pre-ambles is the inability
to reconfigure the nodes once they have been configured.
Also, due to short preambles, no traffic information is sent,
thereby causing unwanted collisionsin the network. Thereby
thetraffic isimpacted by this protocol. RI-MAC[22] is based
on received initiation, which turns ON the transmission only
when receiver is ready to get the data, or isin WAKE mode.
It uses similar strategies to XMAC and BMAC but waits for
received initiation to start and stop the wake and sleep cycles.
Herereceiver uses beaconing to inform nodes about its status.
Apart from MAC protocols, node’s quality and other
parameters also have an impact on the network’s lifetime and
communication quality [23]. Static WSNs are not affected by
these parameters. DISMAC [24] was made for single
direction traffic, majorly used by authorities in order to
perform communication. Due to the high-power consumption
nature of this approach, it is generally not used for
multi-direction communication systems, approaches like
LC-MAC [24] and WiFi-MAC [25] perform this task. While
techniques like CSMA/CA [26] and DiS-MAC are not used
in important applications. In [27] it is observed that perfect
asynchronization produces low delay and energy, but thisis
flawed, dueto the fact that in the case of [27], there are higher
packet drops which reduces PDR, increases re-transmissions
and therefore reduces the overall QoS. MAC systems must
provide tradeoffs between the techniques and make the
network efficient. Therefore, our new work is proposing a
machine learning and Al based MAC layer which increases
the network QoS and does not compromise on any of the
network primary performance parameters. This technique is
given in the next section.

1. PROPOSED METHODOLOGY

Duty Cycle-Based Machine Learning And Ai Based Mac
With Localized L ear ning (Dcmlaillmac)

Machine learning has been a state-of-the-art method for
optimizing complex problems. In our case, the optimization
problem converges to selecting the best route, with the most
optimum duty cycle structure and the best MAC protocoal.
The machine learning layer also uses an Al selection unit
which selects the best combination of methods in order to
optimize the overal protocol.
The proposed technique can be
described as follows,

Input parameters,
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1. Number of solutions (Ns)

2. Number of rounds (Nr)

3. Learning convergence (Lc)

4. Max nodes per solution (Nmax)
5. Link quality (Lq)

6. Max Wake Cycle (MWC)

7. Max Sleep Cycle (MSC)

8. Max Listen Cycle (MLC)
Algorithm,

1. Select a source and destination src and dest

2. Find the reference distance between the nodes (dref)

3. For each solution,

a. Find the number of nodes
(N) = random value * Nmax
b. Select N random nodes between source and
destination, meeting the following condition,
dis+ did >= dref
and, dis<dref & did < dref
where, dis = Distance between the current node and
source
did = Distance between the current node and
destination

c. Evaluate the Learning Metric(LM),

LM=Sum(Di,i-1/ Ei-1+1/LQ(i,i-1)) * CF

where,

Di,i-1 = Distance between the selected nodesi and i-1

Ei-1 = Energy of the i-1th node

LQ(i,i-1) = Link quality between ith and i-1th node

CF = Cyclefactor, the value of the cycle factor is given

as,

CF =1, when Cycle Factor Constant (CFC) = 1

CF=1/CFC,when CFC< 1

CF=CFC,when CFC > 1

here, CFC or cycle factor constant is formulized as

follows,

CFC = 0.7*(RAND(0,MWC)) + 0.2*(RAND(0,MLC))
+0.1

* (RAND(O,MSC))

The weights are decided based on how we need the duty
cycle to vary. In our case, we need the system to listen for
20% of the cycle, deep for 10% of the cycle and wake for
70% of the cycle (when communication is needed)
If the value of CFC iscloser to 1, that meansthe duty cycleis
good enough, and we select the given values of sleep, wakeup
and listen timings, in order to optimize the communication
cycle.

4. Find the mean of all the LQ values (LMean), and then

evaluate learning threshold (Lth), asfollows,
Lth=LMean* Lc

5. Pass al solutionswhere LM < Lth to next iteration, and

modify all the other solutions

6. Repeat steps2to 5 for all Nr rounds

7. At the end of the Nrth round, select the solution with

minimum value of LM (Smin)

8. Select arandom MAC implementation from TDMA,
BMA or SMAC for transmission of data on the path
selected by Smin

9. Store thisinformation in atable for learning.

For a new communication between the nodes, refer the table
and select the MAC protocol which gives minimal value of
LM, thereby optimizing the distance of communication, the
energy of communication and the link quality for
communication. These 3 parameters combined affect the
output QoS of the system, and optimize the end to end delay,
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jitter in delay, the packet delivery ratio (PDR) and
communication throughput. Our algorithm is compared with
TDMA, SMAC and BMAC, and results are mentioned in the
next section under various network scenarios.

IV. RESULT AND DISCUSSION

Our protocol was tested and trained under different network
conditions, and the results were evaluated for various
communication combinations. This is done in order to
evaluate the network for various scenarios. Following table
shows the network parameters.

Table- I: Network Parameters

Parameter Vaue

Routing algorithm AODV
Quantity of nodes 30to 100
Network type MANET
Queue Priority drop tail
Network size 300mx 300 m
MAC Type 802.11

No. of communications 1-10

A sample machine learning table obtained from our
simulations with 40 solutions and 20 iterations is shown in
Tablell.

From this table, we select the 35th solution, which has the
minimum LM value obtained at the 15th iteration, and use
BMA for communication with the obtained parameter values.
In our simulations, we varied the number of solutionsfrom 10
to 200, and the number of iterations from 20 to 500, and
observed that the optimum solution for 100 nodesis obtained
around 105 solutions and 472 iteration rounds. Any number
of solutions and iterations more than that, does not give any
significant improvement in the network performance of the
system.

In our analysis, we compared the end to end delay for
communication, the energy needed for communication,
communication throughput, packet delivery ratio and the
communication delay jitter of the proposed protocol with an
Al based protocol which does not consider duty cycle, the
TDMA protocol, BMA protocol and SMAC protocol.
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Table- I1: Example LUTs of the Machine L earning

Algorithm
Solution |[LM MAC Sleep Tim{Listen Tim|Wake Tim{Iteration

1 2.57|TDMA 0.15 0.19 0.66 1

2 2.66|TDMA 0.1 0.1 0.8 13

3 2.17|SMAC 0.11 0.19 0.7 18
4 2.38|BMA 0.11 0.23 0.66 5

5 2.94BMA 0.13 0.26 0.61 13

6 2.18|SMAC 0.1 0.18 0.72 18

7 2.05({BMA 0.06 0.03 0.91 1

8 2.33(BMA 0.14 0.04 0.82 19

9 2.19|BMA 0.17 0.09 0.74 1
10 2.14{TDMA 0.07 0.16 0.77 17
11 2.09|SMAC 0.12 0.08 0.8 18
12 2.04|TDMA 0.18 0.21 0.61 16
13 2.93(BMA 0.06 0.2 0.74 13
14 2.47|SMAC 0.15 0.16 0.69 14
15 2.66[SMAC 0.04 0.26 0.7 17
16 2.48| TDMA 0.2 0.11 0.69 4
17 2.21|TDMA 0.07 0.26 0.67 19
18 2.67|BMA 0.03 0.03 0.94 4
19 2.34[SMAC 0.05 0.02 0.93 3
20 2.28|SMAC 0.11 0.09 0.8 12
21 2.38[SMAC 0.04 0.02 0.94 11
22 2.38|BMA 0.06 0.3 0.64 9
23 2.47|BMA 0.07 0.18 0.75 19
24 2.38(BMA 0.06 0.2 0.74 20
25 2.10|TDMA 0.08 0.23 0.69 20
26 2.31{SMAC 0.2 0.07 0.73 13
27 2.17|TDMA 0.14 0.3 0.56 14
28 2.23|BMA 0.16 0.11 0.73 16
29 2.17[SMAC 0.09 0.27 0.64 1
30 2.15|SMAC 0.03 0.04 0.93 12
31 2.12|TDMA 0.13 0.17 0.7 12
32 2.10{TDMA 0.08 0.19 0.73 4
33 2.08|SMAC 0.08 0.07 0.85 2
34 2.05[BMA 0.14 0.13 0.73 15
35 2.03[BMA 0.15 0.14 0.71 15
36 2.55|BMA 0.2 0.13 0.67 13
37 2.68TDMA 0.05 0.2 0.75 6
38 2.42[SMAC 0.19 0.16 0.65 14
39 2.94|TDMA 0.17 0.1 0.73 3
40 2.08[BMA 0.08 0.25 0.67 1

The following Table Il (a) and Table 111 (b) shows Energy

Consumption obtained for 30 nodes and 40 nodes.

Table- 111 (a): Energy consumption for 30 nodes

Table- 11 (b): Energy consumption for 40 nodes

No. of coms. |E TOMA (mJ) [EBMA (mJ) |E SMAC (mJ) |E Al w/o Duty Cycle (mJ) |E Al with Duty Cycle (m))
1 2240 8.40 12.13 37 187
2 25.20 13.07 16.80 6.53 373
3 70.00 21.07 26.13 5.60 373
4 82.13 27.07 4573 12.13 6.53
5 79.33 42.00 56.00 17.73 12.13
6 129.73 3133 38.27 17.73 14.93
7 144.67 4573 60.67 16.80 11.20
8 154.00 57.87 83.07 2333 16.80
9 132.53 85.87 85.87 3173 16.80
10 187.60 112.93 124.13 32,67 2240
15 232.40 159.60 100.80 37.33 19.60
2 475.07 271.60 129.73 61.60 3733
25 414.40 313.60 258.53 34.53 54.13
50 863.33 690.67 421.87 7147 118.53
75 1217.07 921.20 511.47 257.60 124.13

100 1410.27 1302.93 1209.60 201.60 174.53

From the tables and the graphs, it is evident that TDMA
consumes the most energy, while our Al based protocol
consumes least energy while communicating in the network.
Our analysis show that the network lifetime is improved by
more than 60% when compared to the Al based MAC
protocol which does not consider duty cycle for optimization,

and can be seen as follows,

Lifetime improvement
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ED\ % +

o lm\ /) S\

E

% Improve ment
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¥
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12 3 45 6 7 8 910111213 141516
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Fig. 1. Improvement in network lifetime

30 - M N = 30
=H=NN = 40

No. of coms. |E TDMA (mJ) [EBMA (mJ) |E SMAC (mJ) |E Al w/o Duty Cycle (mJ) |E Al with Duty Cycle (m)) Similar comparison is made for end to end de|ay, which can
0y un 840 560 280 043 be observed from the following table,
2.00 25.20 1493 1587 467 280
3.00 4573 2053 16.80 747 280
o 0 T 560 3 T Table- IV (a): End to End delay for 30 nodes
5.00 527 3547 333 13.07 6.53
6.00 108.27 67.20 3173 747 6.53 No. of coms. [D TDMA (ms) [D BMA (ms) |D SMAC (ms) [D Al w/o Duty Cycle (ms) |D Al with Duty Cycle (ms)
7.00 68.13 7467 3267 747 1307 1 0.16 0.07 005 0.02 0.01
80| 10733 390 51.33 240 840 2 0% 012 009 005 004
3 0.30] 0.31 0.14 0.08 0.04
9.00 84.93 9147 67.20 1307 933 7 o5 023 03 00 008
10.00 154.93 1373 62.53 14,00 17.13 5 0.71 0.42 0.23 0.06) 0.09
15.00 191.33 164.27 12133 247 2053 6 0.60 0.5 051 011 0.10
7| 0.89 0.62 0.49 0.16 0.13
2000 33787 184,80 165.20 36.40 B3 : o 5 o o 5
5000 35000 277200 223.07 36.40 30.80 5 005 049 0 05 0%
50.00 661.73 503.07 308.93 1373 91.47 10 157 0.81 0.71 0.27 0.09)
75000 137480 358.40) 597.33 108.27 89.60 15 159 0.89 110 0.18 0.28
o000 w53 sk m 16240 11347 = = = = = =
50 5.08 3.73 373 0.60 0.82
75 8.22 3.52 3.97 119 1.02
100 1141 10.11 6.20 235 1.68
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Table- V (a): PDR for 30 nodes

No. of coms. |0 TDMA (ms) [D BMA (ms) [ SMAC (ms) [D Al w/o Duty Cycle (ms) [D Al with Duty Cycle (ms) No. of coms. [PDR TDMA (%) [PDR BMA (%) [PDR SMAC (%) [PDR Al wfo Duty Cycle %) [PDR Al with Duty Cycle (%)
; gg Eiﬂ gi; ggg ggg 1 %57 9200 94,00 96.00 95,00
3 0:63 0:33 0:20 0:11 0:05 2 %531 %50 %50 450 350
7 0 e X o w0 3 %.13 94,00 93.00 95,67 %33
5 on 061 036 016 007 4 9802 9075 9350 97.75 96.75
§ 129 045 046 008 015 5 U 960 9360 94.40 96.00
l 147 063 067 0.2 0.15 6 95.04 94,00 9233 94.83 9.83
8 12 0.97 0.55 0.16 0.0 7 v 92 08 %71 %14
d 1 -3 o8 oL on g 728 98 9250 %.63 9.13
10 2.45 121 0.88] 0.14 0.24]
15 187 1.45 135 055 030 9 95.41 93.56 96.00 95.00 98.89
2 338 135 192 073 044 10 8% 860 5390 98.60 98.60
5 4.66 3.02 266 0.68 0.60 15 9%.13 95.60 95.20) 9547 9747
3? 122: ﬁ; :iz 122 1(1"1‘ 20 500l 965 9555 9495 9790
n 4] 3 70 o o 2 97 928 939 9.20 96.44
50 %06 918 9544 95,80 9764
The end to end delay follows the same trend as the energy 75 5 29 B3 95.09 97.11
consumption, and improves the overall speed of the MAC 100 F D 9450 97.0 95.61

protocol when Al isused. The speed improvement guarantees
faster response of the system, and good throughput when
compared with all the other MAC protocols. The comparison
graph of delay improvement shows a 50% increase in system
speed when compared with the Al based MAC protocol
without duty cycle optimization.

Speed improvement v/s Num. Comms.
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o
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£350
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Fig. 2. Improvement in overall network speed

The packet delivery ratio (PDR) is aso improved when
compared to BMA and SMAC, and has similar values when
compared to TDMA. TDMA being a low complexity
protocol, has minimal or no loss in packets, while BMA and
SMAC do. Our Al based algorithm overcomes those issues
with BMA and SMAC in order to match the PDR better than
TDMA, moreover it improves the PDR as reported by the Al
based MAC protocol without duty cycle consideration. The
results for the same can be observed from the following
tables,
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Table- V (b): PDR for 40 nodes
No. of coms. [PDR TDMA (%) |PDRBMA (%) {PDR SMAC (%) |PDR Al w/o Duty Cycle (%) |PDR Al with Duty Cycle (%)

1 99.98 93.75 92.25 99.00 97.50
) 94.25 9113 9263 94.13 97.13
3 94,61 93.75 93.25 94.25 9%.25
4 96.64 94.88 9263 9.38 95.63
5 95.99 95.55 96.00 95.40 95.55
b 97.58 9138 94.75 9.88 9.50
7 99.42 94.50 9236 93.68 95.36
8 95.57 95.06 94.78 94.69 95.06
9 97.24 94.83 93.58 9.50 9.58
10 97.46 9.38 95.18 97.28 93.03
15 97.02 90.70 93.15 9%.30 95.25
) 96.36 93.94 95.18 95.40 98.70
5 97.44 95.04 95.73 97.38 97.02
50 9730 9.16 93.53 97.29 95.93
75 9.77 95.29 93.63 95.11 98.50
100 9877 94.34 95.49 98,57 95.26

PDR Improvement
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Fig. 3. PDR comparison

The other parameters follow this same trend and tend to
improve the overall performance of the system even if the
number of communications and other network parametersare

varied.
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V. CONCLUSION

From the results we can observe that the QoS of the
DC-ML-Ai-LL-MAC system is superior to the current
state-of-the art standard MAC protocols like SMAC, BMA
and TDMA and also from the non-duty cycle aware Al based
MAC protocol. The Al layer aso improves the overall speed
in communication for the network and keeps a high packet
delivery ratio for any type of network scenario. The proposed
technique other techniques for any kind of network scenario
and overall network QoS is also improved

FUTURE WORK

The proposed protocol demonstrates good quality of network
QoS when compared with other standard protocols, and thus
can be used for any real life wireless application. In future,
we plan to apply this optimization to agriculture based
networks, thereby assisting the farmers to get a better yield
using modern day wireless networks.
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