OPEN 8ACCESS

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)

I SSN: 2278-3075 (Online), Volume-9 I ssue-7, May 2020
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Abstract: Deterministic and Synchronous multi-channel
extension (DSME) is introduced to improve the network
performance by providing dedicated slots. Thus, the network is
divided into various slots to access the channel in the dedicated
slots allocated to them. However, choosing the DSME slotsis one
of themajor challenging tasks. In thisarticle, we usefuzzy logic to
estimate the optimum count of DSME dlot per super frame by
considering network size, collision probability, and modulation
and coding schemes. Further, we analytically evaluate the
collision probability, throughput, energy consumption and delay
of DSME mechanism. Results show that the optimal number of
DSME dots found using fuzzy logic significantly enhances the
throughput and decreases the energy consumption. Finally,
extensive simulations are conducted using ns-3 to validate the
analytical results.
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. INTRODUCTION

With the increase in low cost and low power wireless

sensor devices, green communication has revolutionized the
Internet of Things (IoT) [1]. To enhance the networking
capability of 10T, |IEEE 802.15.4 is introduced. Few of the
standards recognized by IEEE 802.15.4 are ZigBee, IETF
6LoWPAN, Wireless HART and 1SA100.11a because of
their low power consumption [2,4]. It operatesin 2.4GHz of
ISM bands[3]. Inindustrial application like food processing,
wireless controlled area networks, transfer of large amount of
data with less energy consumption shows a significant impact
on the performance of the network. As the available channel
timein |EEE 802.15.4 is common to all the devices, thereisa
performance degradation due to severe contention. To
overcome this problem |EEE 802.15 task group introduces
|IEEE 802.15.4e as an amendment to |EEE 802.15.4 [5]. The
new standard introduces five different MAC modes, among
which Deterministic and Synchronous multi-channel
Extension (DSME) is used to provide deterministic time slots
and to improve the reliability of the network [8].
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DSME uses multi-channel to enhance the throughput of the
network. In [6], authors presented a detailed survey on the
performance evaluation of |EEE 802.15.4e network. Authors
in [7] dynamically tune the duration of the DSME dots.
Among [10-14], several have been proposed a scheme to
assess the | EEE 802.15.4e MAC modes.

One of the most challenging tasks is to determine the
optimum count of DSME dlots that can maximize the network
performance [9]. Because choosing alesser number of DSME
dotsincreases the number of devices per group and rises the
contention in the network. On the other hand, choosing a
higher number of DSME dlots results in wastage of channel
resources. In this article, we exploit the fuzzy logic system
(FLS) to find the optimum count of DSME dots. The FLS
considers network size, collision probability, and modulation
and coding schemes (MCSs) as inputs to find the optimal
number of DSME dots as shown in Fig. 1. Then, we
analytically assess the proposed scheme using collision
probability, throughput energy consumption, and delay.

The article is structured as: Section |1 proposed the fuzzy
based optimal dot selection scheme. Section Ill presents
analysis to evaluate the collision probability, throughput,
energy consumption and delay. Section IV discusses the
results and discussion. The summary of the paper is presented
in Section V. The summary of this paper is as follows:;

e An anaytica model is developed to evaluate the

collision  probability, throughput, energy
consumption and delay of the network in dense
|oT scenario.

e Fuzzy logic is used to find the find the optimum
count of DSME dots that can maximize the
network performance.

e The experiment findings show significant
enhancement in the network performance using
the optimum count of DSME dlots.

e Finaly, the anaytical results are validated using
ns-3 simulations.

Fuzzy Inference System
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Fig. 1 Fuzzy Inference System to find optimal DSM E
dots
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Il. PROPOSED FUZZY INFERENCE SYSTEM

In this section, we exploit fuzzy logic to determine the
optimal number of DSME dlots rather than using the
conventional analytical approach. As fuzzy logic is effective
in decision-making, it is used to model the uncertainties of a
system to get desired results. According to Boolean logic, an
element belongs to a set with a degree of either O or 1. In
fuzzy logic, every set has a mathematically represented
membership function, and every membership function is
defined by linguistic terms.

Fuzzification is defined as the process of mapping theinput
variable to their respective fuzzy set. AsshowninFig. 1, we
have the following three inputs to the FIS to find the optimal
number of DSME dlots. (i) network size N, (ii) collision
probability calculated using Eq. (3). Each input variable has
multiple fuzzy sets defined by certain linguistic terms, and
each fuzzy set is represented by a membership function. Due
to computational efficiency and less complexity, we consider
trapezoidal membership function.

Figure 2, Fig. 3, and Fig. 4 illustrates the membership
functions of collision probability, network size and optimal
DSME dots or groups (DSME dlots and groups are
interchangeably used in this article). Every membership
function of both input and output variables follows the same
trapezoidal function.

The core of FLS is fuzzy rules. Fuzzy rules are used to
evaluate the degree of membership of input and output
variables. To find the optima number of DSME dlots, we
define hundred and four fuzzy rules. For every set of input
variable, the AP finds the output based on the fuzzy rules.
Some of the fuzzy rules are defined as follows:

e |IFN=LOW, and Pc=LOW, and MCS=MC1 THEN

Lo = Optl;

e |IF N=Medium, and Pc=Medium, and MCS=MC2
THEN L, =Opt2;

e IF N=High, and Pc=High, and MCS=MC4 THEN
Lo = Opt4;

e |IF N=Dense, and Pc=Dense, and MCS=MC8
THEN L, =Opt8;
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Fig. 4 Membership function of optimal group (or slots)

Each fuzzy ruleis evaluated for every set of input variable
and mapped to the corresponding fuzzy set of output variable.
FLS computes the output using the COG method from the
output of each rule.

1. SYSTEM MODEL

We assume fully connected and saturated network. We
consider an error-free channel and assess the uplink
performance of the network. The channel is divided into slots
of duration o . We consider a network of size g in which all
the devices contend for the channel access using legacy DCF
mechanism [2]. Channel is sensed for DIFS duration before
initiating the counter. The back off stage is selected from [0,
Wy-1], where W, is the minimum contention window. For
every packet transmission, W, is initialized to zero and for
collision, itisdoubled up to the maximum contention window
(CWins) [9]. Ani™ back-off contention is given by,

W= 2 xW,; 0<i<m-1,
L 2™xW,;  m<i<R,

where misthe maximum W, and Risthe maximumretries. A
device gets the transmission opportunity when the W, is zero.
I n between two consecutive transmissions, the device initiates
the back-off counter followed by DIFS duration.

According to the model presented in, the probability of
transmission in | slot is given by,

m m
7; :Zh,ozz plc,jbo,o- 2
i=0 i=0
Then, the conditional collision probability is given by,
p; =1-(1-7)"" @
T and j can be obtained by solving Egs. (5) and (6). Let
P

tr,j

)

is transmission probability in a jth dot,

Rr,j =1-(1- 7; )g- 4)

P, ; isthe successfully communication of a packet in a jth
dot,
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A. Throughput
The saturation throughput § of aj™ slot can be calculated as,
[ Averageinformation ]

transmittedi namini-slot

I~ Averagedurationofamini-slot

(6)
) RPELP]
(1_ I?r,j)o-—i_ I?r,j Ps,st + I::t’r,j (1_ F)SYJ')Tc

where E[P] is the size of data packet, T, and T, are

successful time and collision time,
To =Tes poi + Tgppy +2Tpe +39FS +DIFS+36

S
T, =TPS_P0II + DIFS+ 0. (7
Here O isthe propagation delay, Tpg p, isthe duration
of PS_Poll frame, T, is the duration of ACK frame, and
TE[ Pl is the data transmission time. The time taken to
TE[ P]
corresponding to the MCSs, that can be calculated using Eq.
(11). Similarly, the duration of other packets is calculated by

Eg. (11). It is noteworthy to point out that,
basic _datarate isused to transmit the control frames and

PHY header. Lt;,ﬁc—data’ate are the bits per symbol.

transmit the payload is a function of data rate
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isgiven by,
R i W -1
E[Bl=2 b - P2 —5— @)
i=0 j=0

In a dot, among the g devices, a node overhears a
transmission when one of g—1 devices is successfully

transmitting in the jth dot. Therefore, the success

probability is given by,
g-2
_(g-D7;(1-7))
1-(1-7,)*"

The average number of transmissions overheard by a
device during the back-off processis given by,

1-p. .

C.j

12)

S,

N, (13)

Therefore, the energy consumed by a devicedue to
overhearing the other devices during the back-off process is
given by,

R .
N, =>lip,,A-p,;). (19
i=0

Then the energy of successful transmission and collisionis
given by,

Es = P(Tos_por + Terpy) + Pac(Ts = Tos_por + Tepey)
E. = N/[R, (TP57P0II )+ P (T, _TPsfPoll )N (19
Therefore, the total energy is given by,

E =B +E +E +E.

(16)

ETP] + MA Finally, the energy consumption per bit 77, isgiven by,
T, (RatE) = 8 (E[P]+ MAC) T+ Tony s E J
Rate basic_ datarate 77 ~ T . (17)
basic_datarate " " R ,R,EIP]
8x ControlFrame
Tcontrol = | basic_datarate XTsym +TPHY' (8) C. Delay
ym The average delay ( Dj ) is time taken for a successful

B. Energy consumption

The energy consumption in DCF mechanism, can be in
either a back-off state, freezing state, or atransmission state.
Thus, each device consumes energy in four parts:

. Eb is the energy consumed during the back-off
Process.

o E, istheenergy consumed when adevice freezes
its back-off counter.

e E, and E_ are the energies consumed due to a

successful transmission and collision.
Therefore, the energy consumption is defined as:

B +E +E+E
- PP EP

tr,j"s,]

Uy €)

The average energy consumed during the back-off process
isgiven by,
E, =E[BloP,., (10)
where E[B] is the average number of back-off slots which

le?
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transmission. Therefore,

D, =E[Blo+N,/(T, - Ty )+ T, (18)

IV. RESULTSAND DISCUSSIONS

Analytical and simulation results are presented in this
section. The analytical model presented in Section Il is
evaluated using MATLAB. The analytical results are
validated using the open source network simulator ns-3. In
this paper, we consider a network of size g uniformly
deployed around the AP. The AP runs Fuzzy inference engine
to find the optima number of DSME dots (K). Table 1 lists
the parameters used to obtain the analytical and simulation
results. We consider anetwork size of g=256 devciceswhere
the optimal number of DSME dlots are found to be K=32.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Per for mance Enhancement of | EEE 802.15.4e Deter ministic and Synchronous M ulti-Channel Extension

Table 1. Parametersused for analysis

Parameter Vaue
basic_datarate 650 Kbps
delta lus
T sym 40\ us
sigma 52us
SIFS 160us
DIFS 264 us
P_Tx 255 mw
P_Rx 135 mwW
P_idle 1.3mw

Journal Website: www.ijitee.org

Figure 5 shows the collision probability of DSME
mechanism using the proposed fuzzy technique. The optimal
number of DSME slots K that can maximize the network
performanceisfound using the fuzzy based proposed scheme.
In Fig. 5, the collision probability of DSME mechanism is
evaluated using K=32 and the results are compared with the
non-optimal value K= {4,8,16}. It is observed that thereis an
increase in collision probability with rise in the devices. But
the results justify the optimum count of DSME dotsis found
using fuzzy logic can significantly increase the performance
of DSME mechanism. In Fig. 6, the throughput of DSME
mechanism is evaluated using K=32 and the results are
compared with the non-optimal value K= {4,8,16}. It is
observed that there is a degradation in throughput with risein
the network size due to increased contention in the network.
But the results justify the optimum count of DSME dots
found using fuzzy logic can significantly increase the
performance of DSM E mechanism. Figure 7 showsthe energy
consumption of DSME mechanism using the proposed fuzzy
technique. The optimal number of DSME dlots K that can
maximize the network performance is found using the fuzzy
based proposed scheme. InFig. 7, the energy consumption of
DSME mechanism is evaluated using K=32 and the results
are compared with the non-optimal value K= {4,8,16}. It is
observed that thereis an increase in energy consumption with
rise in the network size due to increased contention in the
network. But the results justify the optimum count of DSME
dots found using fuzzy logic can significantly increase the
performance of DSME mechanism. In Fig. 8, the delay of
DSME mechanism is evaluated using K=32 and the results
are compared with the non-optimal value K= {4,8,16}. It is
observed that there isan increase in delay with increase in the
network size due to increased contention in the network. But
the results justify the optimal number of DSME dots found
using fuzzy logic can significantly increase the performance
of DSME mechanism.
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Fig. 5 Collision probability Vs. network size
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V. CONCLUSION

In this paper, a FIS based optimal number of DSME dots
scheme is proposed to decrease the collision probability,
delay and energy consumption and to increase the network
throughput. We have presented a simple mathematical model
to evauate the collison probability, throughput, energy
consumption and delay of IEEE 802.15.4e DSME
mechanism. From the results, presented scheme significantly
enhances the DSME mechanism.
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Finally, extensive simulation studies have been conducted
to validate the analytical findings.
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