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 
Abstract: IEEE 802.15.4e introduces deterministic and 

Synchronous multi-channel extension (DSME) MAC mode to 
provide deterministic performance. To do so, the super frame 
structure is divided into multiple contention access slots and 
contention free slots. However, the standard does not specify the 
number of devices to access each DSME slots.  In this article, we 
exploit fuzzy logic to group the devices based on the nature of 
traffic and vary the duration of DSME slot according to the traffic 
requirements of the devices. Further, we analytically evaluate the 
collision probability, throughput, energy consumption and delay 
of DSME mechanism.  Results show that the optimal amount of 
DSME slots associated with fuzzy logic significantly improves 
efficiency and reduces energy usage.. Finally, extensive 
simulations are conducted using ns-3 to validate the analytical 
results. 
 

Keywords:IEEE 802.15.4e, DSME, fuzzy logic.  

I. 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 IoT, IEEE 802.15.4 is introduced [3]. Few of the 
standards recognized by IEEE 802.15.4 are ZigBee, IETF 
6LoWPAN, Wireless HART and ISA100.11a because of 
their low power consumption [2,4]. It operates in 2.4GHz of 
ISM bands. In industrial 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 
time in IEEE 802.15.4 is common to all the devices, there is a 
performance degradation due to severe contention. To 
overcome this problem IEEE 802.15 task group introduces 
IEEE 802.15.4e as an amendment to IEEE 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[8]. DSME uses multi-channel to improve aggregate 
utility of the network. In [6], authors presented a detailed 
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survey on the performance evaluation of IEEE 802.15.4e 
network. Authors in [7] dynamically tune the duration of the 
DSME slots. Among [10-14], several have been proposed to 
assess the performance of the IEEE 802.15.4e MAC mode. 

Each system in the network has specific propagation 
specifications on an IoT network. Of example, a remote 
monitoring device that measures the patient's condition has 
specific sample levels and channel access specifications for a 
warm ground surface or a pulse detector. All nodes can not 
therefore be allocated an equivalent-duration DSME 
location. The length of DSME slots should therefore be 
adjusted to the propagation criteria of the systems instead of 
supplying each with an identical DSME slot. 

The following article is used to associate systems with 
identical communication criteria and allocates each category 
to a DSME slot the length of which differs as per device 
propagation conditions, using a fuzzy c-means (FCM) 
clustering algorithm. The DSME conceptual model's 
performance, energy usage and latency are studied with a 
basic but reliable research method. 

The article is as follows : Section II recommended the 
maximum slot distribution scheme based on the low. Section 
III provides a description of the likelihood of collision, 
efficiency, consumption of energy and latency. The findings 
and clarification are discussed in Section IV. The summary of 
this article is given in Section V:  
 An empirical model for determining the likelihood of 

collision, latency, energy usage, and network delay in a 
dense IoT scenario is created.  

 The fuzzy C mean cluster is used to align the equipment 
on traffic criteria  

 The experimental results show significant network 
performance gain with the optimum number of DSME 
spaces.  

 The theoretical findings are finally verified using ns-3 
simulations. 

II. FCMMETHOD 

The Fuzzy Logic Systems (FLS) in this segment utilizes 
Fuzzy C-means (FCM) clusters to cluster the equipment with 
identical communication specifications and to assign each 
category a DSME slot with a length that differs according to 
system communication criteria. 

Initially growing network unit listens to the frequently 
transmitted beacons and undergoes affiliation procedures 
with the AP. Growing device uses its wireless capabilities to 
approximate the period the channel requires to be reached, 
before the connection. 
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Eq's first phrase. (1) is the back-off counter length.

,[ ]s nE T is the time between the transfer of the packet until  

the acknowledgment mechanism is received. ,f n is the 

length of time the monitor reverse stops owing to secretly 
recording of several other broadcasts. Hence, 

, , _( [ ] ).f n s n ACK timeoutR E T SIFS T      (2) 

III. ANALYSIS  

We believe that the infrastructure is rotationally symmetric 
and loaded. We find an interception-free channel and test 
network uplink efficiency. The channel is split into time slots
 .We find a network of scale g where all users use the 
existing DCF system to compete for channel control[ 2]. 
Before starting the clock, the source is perceived for DIFS 
time. The backstage is picked from[ 0, W0-1], where W0 is 
the limited view window. For each delivery of packets W0 is 
set to zero and for conflict the cumulative discrepancy span 
(CWmax) is doubled[9]. A back-off statement is made by, 
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The cumulative retries are where m is the average W0 and R. 
When the W0 is small, a device gets the transmitting chance. 
The system begins the back-off counter for two simultaneous 
transmissions, preceded by the DIFS length. According to the 
model, the transmission is given by, 
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Then the likelihood of a predetermined collision is given, 

1
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Let ,tr jP is transmission probability in a 
thj  slot, 
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A. Throughput 

The saturation throughput Sjis, 
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And the transmission rate of payload and packet frames are 
calculated as, 
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B. Energy consumption 

The energy consumption has  four parts:  

 bE The resources expended during the 

retroactive phase. 

 fE It is the energy absorbed by freezing the rear 

counter of a system. 

 sE  and cE Energies are absorbed by efficient 

distribution and conflict. 
 Therefore, the energy consumption is defined as: 
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The respective energies are given by, 
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C. Delay 

The average delay ( jD ) is time taken for a successful 

transmission. Therefore, 

[ ] ( ) .j t c ACK cD B N T T T      (13) 

D. Delay 

The average delay ( jD ) is time taken for a successful 

transmission. Therefore, 

[ ] ( ) .j t c ACK cD B N T T T   

  (14) 
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IV. PERFORMANCE EVALUATION 

This section discusses theoretical and emulation results. In 
Section II, the theoretical framework is tested by MATLAB. 
The outcomes of the experiment are verified by the accessible 
software system emulator ns-3.  

In this paper, a network of size g is uniformly used around 
the AP. The AP operates the Fuzzy deduction mechanism to 
determine the correct number of DSME (K) slots. We take 
into consideration a network size of g=256 machines in 
which K=32 is the maximum number of DSME slots. 

Illustration 1, Fig.2 and Fig. 3 indicates the DSME 
mechanism's efficiency. We find a channel size divided into 
classes K={8, 16, 32, 64, 128}. The graph shows that the 
efficiency of the DSME system improves with a rise in the 
amount of classes in terms of performance and power 
consumption. Since an improvement in K reduces the 
community size and the conflict between them. In the 
meantime, it is found that the energy consumption, delays 
and a steady decline in production rises marginally for greater 
K values. The primary cause for this is the loss of channel 
resources. While the dispute is reduced for greater K values, 
the systems of their respective groups use traditional DCF to 
reach the channel and wast network period in the back-off 
process. This negative pattern increasing the saturation limit. 
Yet the system is inactive and uses fewer power throughout 
the back-up time. Therefore, energy use is not substantially 
increased. 

 
Fig 1. Throughput Vs. network size 

 
Fig. 2 Delay Vs. network size 

 
Fig. 3 Energy consumption Vs. network size 

 
Table 2 indicates the difference in the volume of 

information transmitted in keeping has system 
communication requirements. We notice a size 32 system 
separated into K{ opt}=4. Class 1 with the highest total 
communication specifications and class 4 for the lowest 
transmission demands. The length of each DSME slot is 
specified in Table 2 and is dependent on Algorithm 1. Group1 
tools with longer DSME slots enter the channel for a long 
period and are able to transmit more data than group 4 
devices with shorter DSME slots. Statistics from Table 2 
reveal that large volumes of data are transmitted by category 
1, with the largest transmission levels relative to lower 
transmission demand groups. The grouping scheme will also 
conveniently follow the traffic specifications of various 
devices. 

Table 2 Data in a DSME slot 
Groups beta Duration of 

DSME slot 
Grouping scheme 

Analytical Simulation 
group-1 0.3308 0.1654 229.8801 229.8319 
group-2 0.2951 0.1475 205.0714 205.0284 
group-3 0.2281 0.114 158.5116 158.4784 
group-4 0.146 0.073 101.4586 101.4373 

Aggregate throughput 694.9216 694.776 

V. CONCLUSION 

A FIS grouping scheme for DSME MAC mode is defined 
in this article. The suggested program uses fugitive c-means 
to organize the systems in compliance with traffic 
requirements. A basic mathematical model was introduced in 
order to determine the likelihood of collision, throughput, 
energy usage and the latency of the IEEE 802.15.4e DSME. It 
is evident from the findings that the proposed scheme 
strengthens the DSME mechanism. Finally, extensive 
simulation studies were carried out to validate the study 
findings. 
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