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Abstract

Internet of Things (IoT) provide a promising Smart irrigation facilitator
for continual monitoring and control of environmental parameters, thereby
leading to a huge volume of data to be efficiently collected, transferred,
processed and stored. The deployment of cloud-based infrastructure with on-
field connectedness, allowing information exchange among IoT nodes, and
the usage of energy scavenging (e.g., solar power) in feeding them, become
necessary, since agricultural fields are in lack of wired energy supply and,
often, a reliable (Internet) network coverage. Therefore, these issues can
be addressed through the integration of Edge computing in IoT scenarios.
An efficient strategy is required to select the best communication technol-
ogy with a motive of increasing the network performance between the IoT
devices, Edge device and cloud. Application Specific Infrastructure Selection
(ASIS) is an edge computing model developed to select the appropriate
communication protocols according to the infrastructure requirements of
three different real time scenarios namely: Assembly line automation, Smart
parking system and Automatic irrigation system are deployed to get the most
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suitable application specific protocol from ZigBee, LoRa (Long Range) and
LoWPAN (Low-Power Wireless Personal Area Network) to implement in
real-time basis. ASIS model is proposed as a network resource manager
that is capable of sensing, acting, signal processing, and/or communication
abilities to perform a protocol selection according to their physical and
technological limitations. Further Edge based ASIS model is developed to
enhance the network performance even better when compared with cloud-
based model. Automatic irrigation system is extended in the Edge based ASIS
model. The overall ASIS system is evaluated by means of network parameters
such as network usage, network delay and power consumption. The ASIS
model and Edge based ASIS model is deployed in iFogSim simulator that
compares each protocol used in the above IoT scenarios. Finally, the scenario
of Automatic irrigation system is modeled using Edge based ASIS model
where ZigBee with edge performs better compared with cloud-based model.
Experimental results show that ASIS based Edge implementation lessen the
overall network parameters in contrast to non-edge deployment in automatic
irrigation scenario.

Keywords: Internet of Things, edge computing, network protocols, cloud
infrastructure, Zigbee, LoRa, LoWPAN, iFogSim, irrigation system.

1 Introduction

The growing advancements in information technology have infused Inter-
net of Things (IoT) in our routine life. IoT applications provide enhanced
outcomes in terms of accuracy and efficiency to users by having different sen-
sors/devices interconnected between each other for collecting and exchanging
versatile data with the help of advanced communication frameworks inbuilt
with millions of IoT nodes [1–3]. Different types of IoT methodologies are
applied to interconnect all the nodes that in turn produce huge volumes of
data and additional processing is necessitated to provide intelligence to both
users and service providers. In cloud computing, a huge pressure is created
on the network especially in terms of data transmission costs and bandwidth
due to the uploading and downloading of all data and results to/from cen-
tralized servers respectively. Additionally, the performance of a network is
inversely proportional to increased data size. Time receptive IoT applications
face censorious situations because of the fact that short response times are
unnegotiable in nature particularly for the smart transportation [4, 5], smart
electricity grid [6, 7] smart city [8, 9] smart agriculture [10, 11] whereas
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the traditional cloud computing oriented services cannot fulfil this type of
time critical demands. These results in the occurrence of large latency in
networks due to the uploading of computation processes to the cloud, within
the bandwidth and network resources limitations. Therefore, it becomes intol-
erable for time critical IoT applications and induces effect over safety and
emergency related purposes. Additionally, majority of the IoT devices suffer
from limited power constraint such as in smart sensors. There arises a need to
stabilize the consumption of power for extending the lifetime with the help of
devices scheduling concept. Computing nodes with minimal distance to the
user can be utilized for processing the data to minimize the transmission time.
In contrary, cloud computing-based service have huge network traffic and that
leads to prolonged transmission times thereby increasing power consumption
costs. In a nutshell, the process of scheduling and processing play a key role
in the overall performance of the network. The abovementioned problems are
addressed with some existing efforts and current scenario of IoT is presented
in [12]. Edge computing encloses data computation and storage processes
performed at the network “edge” [12, 13], nearer to user location to reduce the
traffic peaks, bandwidth requirements and latency in transmission. IoT appli-
cations have comparatively reduced response times than the contemporary
cloud computing mechanism by distributing and deploying the computation
nodes at edge thereby traffic can be offloaded and pressure can be alleviated
from centralized cloud [14]. Additionally, nodes’ lifetime can be extended
with restricted battery power due to the migrating capability of edge comput-
ing in acquiring computational and communication overhead leading to the
extension of entire IoT network lifetime. For this purpose, Edge computing
model is the solution for the whole system integration of edge working in
any IoT application. Edge computing analyses and processes a portion of
data using the computing, storage and network resources distributed on the
paths between the data sources and data cloud computing centers [15]. The
source data is preprocessed, immediate decisions are taken and finally the
computed results are sent to the cloud data centers by enabling the edge
devices with enough computing power. Any application of Edge computing
in IoT senses, communicates and preprocesses the data to interconnect many
components thereby accomplishing many advancements in multiple areas
having strong performance impact on edge computing model scenarios. Here
in this paper in the overall IoT scenarios, the IoT framework compromises
of communication technologies which can be enhanced with the help of edge
computing model. A strategy of using the best communication technologies
will directly increase the network performance between the IoT devices to
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Cloud, so the main objective is to establish low latency & high infrastructure
utilizing model for various IoT Applications. Application Specific Infras-
tructure Selection (ASIS) is an edge computing model developed to select
the appropriate communication protocols according to the infrastructure
requirements of the IoT scenarios. ASIS model is deployed in three scenarios
namely [16, 17] and [18] to find the best protocol from ZigBee, LoRa and
LoWPAN for these scenarios to implement in real-time. This model will be
evaluated to study the performance metrics like energy consumption, network
delay and network usage with the comparison of the above protocols. Further
ASIS model with Edge is developed to enhance the network performance
even better compared it with non-edge model. Automatic irrigation system
is further enhanced by implementing this scenario in the ASIS with Edge
model. This deployed model is compared with the existing scenario of cloud-
based irrigation system. The experimental results indicate that ASIS with
edge outperforms in terms of the above performance metrics. In this work,
the working model is deployed in iFogSim simulator. Due to the presence
of complete stack environment in the iFogSim simulator, support for fog
computing is made easier with the utilization of CloudSim toolkit [19].
Pragmatic network topologies can be constructed using this simulator since
it has sensors, actuators and application processing elements embedded in it.
Performance can be evaluated especially in-service deployment mechanisms
like cloud only against fog computing with the factors of network bandwidth,
control loop latency and energy utilization.

2 Related Work

IoT emerged as the global connecting point between multiple things. It is
planned to have about 28 billion components to be connected through IoT in
2021 [20]. IoT is promising as an extraordinary domain in near future. The
world-wide applications of IoT extending from smart housing to smart cities
are described in the following sub sections. Some of the challenging issues
in dealing IoT are also described and few comparative analyses of various
protocols are too presented.

2.1 IoT Applications

Smart agriculture is one of the common IoT applications for analysing the
status and temperature of soil using sensors. The most popular IoT applica-
tion is the advent of smart city where the major information are perceived,
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stored and managed by using IoT with big data and cloud computing [21].
The progression of IoT, initiated from smart Agriculture to smart city and
merged with other technologies like big data, data analysis has created the
way to smart world. IoT brings wide solutions from smart houses to smart
cities where the factors such as transportation, water supply, environmental
conditions are at risk.

Even with the creation of specific devices for IoT, smartphones too
possess the compatibility to work using several sensors, communication
standards and storage space for data. A different outlook has been put forth by
the researchers in [22] to employ smart mobiles in creating a new generation
of civil monitoring frameworks. InterSCity – created by Esposte et al. [23]
which is a smart city infrastructure providing cooperative development of
services, applications, and systems due to the less availability of designing
tools for smart cities. However, it is unfortunate that the above-mentioned
infrastructure is time consuming and not cost effective. Therefore, researchers
are focussed in making smart campus that acts as a bridge between smart
homes and smart cities. Particularly, in agriculture domain, various researches
have been conducted to enhance the quantity and quality of crop yield
and reduce the human intervention with the support of different IoT based
methodologies.

The technology of deploying wireless sensors in plant nurseries was
carried out by Carnegie Melon University [24]. In [25, 26], factors like carbon
dioxide, humidity, temperature and light are monitored using a WSN-based
polyhouse monitoring system with the help of GPS and ZigBee protocol. A
monitoring system specifically designed for rice crops is presented to enhance
the overall productivity [27, 28]. The crop monitoring system forecast and
reduces the risk factors such as loss of crops, decline in productivity by
acquiring the rainfall and temperature information. A cost effective real
time Bluetooth-based methodology has been designed in [29] for monitoring
temperature with a microcontroller functioning as a weather station. The
restricted range of communication and need of Bluetooth configuration with
smart devices for continual monitoring is the major disadvantage.

A smart sensing ZigBee platform monitors various environmental param-
eters like temperature, amount of sunlight, pressure and humidity and
provides rapidity in data transmission with cost effective hardware merged
to efficient sensor based on mesh network has been proposed by [30]. A
GSM based irrigation monitoring system using an Android application for
analyzing temperature, humidity and water level in an affordable wireless
system whereas the knowledge of operational commands becomes necessary
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for actuating the field motor [31]. A system combining GSM and Field
Programmable Gate Array (FPGA) is cost effective and provides prompt
monitoring services for measuring the soil and crop conditions [32]. In [33],
a flexible low-cost networking system is framed using a fuzzy controlled
system to observe the several greenhouse parameters. An advanced WSN
based monitoring system is proposed to address problems of standardization
of WSN components, packaging nodes and interference in electromagnetic
field and to operate and control the greenhouse parameters [34].

2.2 Comparison Between Wireless Protocols

An interesting factor of researchers is finding the best suited wireless technol-
ogy by comparing the various existing technologies. For instance, a relative
analysis of Bluetooth, Ultrawideband (UWB), ZigBee and WiFi – wireless
communication standards are performed and an evaluation of their properties
in accordance with efficiency of data coding, complexity, transmitting time
and consumption of power are explained by the authors in [35]. The compar-
ative work did not arrive at a conclusion of proving one technique as more
parameters like roaming capabilities, network reliability, cost of installation,
recovery mechanism and chipset price. A comparative performance analysis
and a quantitative evaluation of the wireless protocols such as WiFi, Zig-
BeeIP, Bluetooth, UWB, ZigBee, WiMax, and GPRS/GSM is performed in
terms of transmission time, efficiency in data coding , the bit error rate, and
energy consumption [36], and concluded that parameters like as network reli-
ability the link capacity among various networks having multiple protocols,
security, the chipset price, the assurance with the application and the cost of
installation should also be taken into account for finding the most appropri-
ate one. The LoWPAN oriented applications monitor the health equipment,
environment and home automation systems. In [37, 38], a LoWPAN-enabled
WSN as formulated to monitor the various aspects of soil and about the
precision agricultural application respectively. The performance is evaluated
at different baud rates and power constraints. An additional IoT methodol-
ogy for smart agriculture domain is the arrival of Low-Power Wide-Area
Networks (LPWANs) apart from WSN. It provides cost effectiveness and
low-rate connectivity to a huge number of restrained devices (for instance,
with respect to power source and processing capabilities) geographically
distributed over large areas (e.g., a farm and its surrounding area). LPWAN
possess two unique methodologies for communication are LoRa [39] and
LoRaWaAN [40], which are most suitable options for Smart Farming and its
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Table 1 The usage of wireless communication protocol in various IoT applications

Communication Data Rate Topology Standard Physical
Protocols Value Used Used Range cm Power

RFID 50 tags/s P2P RFID 10–20 cm Ultra-Low

6LoWPAN 0.3–50 kb/s Star, Mesh IEEE 802.15.4 2–5 km urban Low

LoRa WaAN 27–50 kb/s P2P IEEE 802.11ah 5–10 km Very low

ZigBee 250 kb/s Star, Mesh IEEE 802.15.4 10–100 m Low

Bluetooth 1–2 Mb/s Star, Bus IEEE 802.15.1 30 m Low

Wi-Fi 1–54 Mb/s Star IEEE 802.11 50 m Medium

related applications. The duration of a signal is defined by Spreading Factor
(SF) which characterizes LoRa. SF is directly proportional to symbol timing
and distance. The SF value ranges between 7 and 12, with SF = 12 resulting
in the highest sensitivity and range of transmission, but with the decreased
data rate and increased energy consumption [41]. Precisely, when the duration
of symbol persists for longer time, the radio transceiver will be more active.
The rate of transmission is doubled by a decline of one unit in SF and energy
consumption and transmission duration is halved. The LoRaWAN Gateways
(GWs) receive several transmissions in the same frequency band owing to the
presence of chirps in orthogonal orientation with various spreading factors.

Our research is directed towards providing a collective comparison
between these wireless technologies: ZigBee, LoRa, and LoWPAN. These
techniques gained huge adoption in several IoT applications owing to their
cost effective and less energy consuming nature. According to above survey
Table 1 these three protocols are taken into consideration to integrate with
our model.

2.3 Motivation

Device-enablement platforms have an incredibly strategic advantage of
enabling related IoT growth contributing to health, retail, transport, logistics,
industry and agriculture. This technology is largely handled through cloud
computing technology where the raw generated data from IoT sensors are
stored and computed for decision making irrespective of the application areas.
The adoption of IoT in different applications is confronted with numerous
challenges such as latency, energy and bandwidth. The different applica-
tions/domain cannot adopt same set of infrastructure and computational needs
for their communication due to which using existing IoT communications
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standards will create network issues. The motivation of this work is to elect
the right protocol for application specific IoT use case among the following
wireless technologies: ZigBee, LoRa and LoWPAN. These techniques are
adopted in time sensitive, immune interference demand IoT applications due
to their reduced cost and power consumption. Application Specific Infras-
tructure Selection (ASIS) is defined as the association of communication
technology like ZigBee, LoRa and LoWPAN to enhance the energy efficient
and minimized latency edge computing model with an application. The nature
of ASIS is to find the suitable network protocol for dynamic infrastructure
by considering network density, capacity of the network and sensitivity of
the application. ASIS can be defined as a network resource manager that
senses, acts, process the signals, and/or effectively communicates to carry
out a specific task by taking their physical and technological constraints
such as size, power transmission, energy consumption, computing capacity,
frequency of operation, sensibility of interference into consideration. ASIS
with Edge is also developed further to enhance the overall network perfor-
mance compared it with cloud-based system. The key motivating factor to
employ Edge computing in the proposed approach is to minimize the delay
and also network usage and energy consumption in the automatic irrigation
model.

3 Proposed Architecture

The proposed framework possesses two modules – ASIS model and ASIS
with Edge layers. In ASIS model, three different IoT scenarios such as
assembly line automation, smart parking system and automatic irrigation
system are considered as depicted in Figure 1. Similarly, in ASIS model with
edge, Irrigation system is taken for simulation as well as comparison by with
and without the application of edge. ASIS model deals with choosing the
best appropriate communication protocol for each application specifically
in accordance with the infrastructure requirements. ASIS model with edge
provides better enhanced communication between devices, edge server and
cloud by merging the IoT application communication protocol with the edge
infrastructure when compared to the non-edge infrastructure. This type of
ASIS model is structured and implemented in iFogSim simulator and the
performance is compared in terms of metrices such as network delay, power
consumption and network usage. The proposed model is configured with IoT
scenarios as mentioned before. The functioning and requirements of these
scenarios is detailed in the next section.
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Figure 1 ASIS model with three IoT scenarios.

3.1 Schematic Plot of IoT Scenarios

Applications that are prone to delays in real time have notable restraint
in network connectivity and capacity because of the dependency in cloud
communication and generation of huge proportion of data by fog and edge
applications. This is the particular scenario prevailing at the mobile edge.
In mobile edge computing (MEC), mobility management is critical particu-
larly in extreme dynamic environments and huge number of small cells are
deployed for managing the demands in MEC scenarios. Therefore, in this
case, the range of users can be very restricted and thereby inducing more
frequent handovers, causing huge burden to the network [42]. Edge and fog
devices use the diversity in communication technologies by extending from
IEEE 802.11 to IEEE 802.15.4 (ZigBee/6LoWPAN) and LoRa which are
low cost and energy efficient respectively. All these methodologies effect on
the end performance with respect to service time, data processing, delays
in data transfer etc. In network access technology, factors like performance
and cost involve trade-off for achieving optimality [43]. The network com-
munications protocols prescribed above provide improvements in network
by optimizing the usage of mobile resources, pre-processing of data and
context-aware services using user location, cell load and allocated bandwidth
as information [44]. An exclusive mechanism is needed for discriminating
delay-sensitive flows like network slicing, as every fog and edge application
may possess dissimilar latency needs and therefore generate data and network
traffic in different modes despite network improvements [45]. User mobility
conditions are modelled for the accomplishment of geographic awareness
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logic like calculating the nearest mobile access point depending on user
coordinate values at every simulation timestep. Additionally, availability and
accessibility to real world data at end user mobility create legal and techni-
cal problems. Added calculations rise up the intricacies and computational
resource demands of a given simulation platform. A unique solution to
create workload models based on edge infrastructure by intelligent model
generators based on third party socio-demographic and geographic data that
can be utilized for simulation purposes [45]. The models in edge expand
to thousands of distributed locations by initiating a network of resources
traversing several locations. Even though at higher, producing such a model
in real time becomes impractical in terms of time and effort. An automatic
methodology is needed for solving the problem by constructing a model
building. The already existing framework can be integrated with a system
which performs data collection as well as monitor is possible to confront the
issue with the help of acquiring snap-shot of the existing infrastructure [46].
The monitored data needs to encounter further processing for extracting
the several trends of behavior in workload and application related demands
to construct a meaningful system. This kind of process fetches big data
management and processing issues into plot that need additional development
within the extent of the simulation domain. Here in this research work three
IoT scenarios are deployed in iFogSim Simulator. The working and the
infrastructure architecture are detailed in below section.

Scenario 1: Assembly Line Automation

The IoT based Assembly line automation is presented in [16]. This architec-
ture is further changed according to the implementation model for simulation
where it consists of 2 tier structure with 8 nodes to communicate with router
and cloud for networking. The working principle is as follows: data generates
at the sensor end of fault identification module near the assembly line and it
is collected by the nodes which in turn communicate with the cloud resource.
This data is processed further in the cloud storage in which each fault data is
crucial for analysis of fault prediction. The goal of this system is to maintain
the high bandwidth with less network delay.

Scenario 2: Smart Parking System

The IoT enhanced parking system is developed in [17] that has two layers,
first layer being the end nodes encompassing the cameras connected with
a microcontroller affixed over the parking slots or lanes and it works by
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capturing the various images of parking slots for deciding the occupancy
of parking lanes. The second layer has a cloud connected to router and it
stores and manages the images of parking slots for prolonged time. If the
driver arrives in the parking area, the footing of parking slots is shown in the
LED screen. The smartphone is not required for verifying the information
about the unoccupied slots in the parking area in this proposed framework.
Then, the drivers are instructed towards the parking slot at the entry gate
of parking. This mitigates the traffic blockage in the parking area and min-
imizes fuel consumption. This architecture is customized according to the
simulation environment with 8 nodes communicated with router and cloud
for networking.

Scenario 3: Automatic Irrigation System

A smart system is presented in [18] which forecasts the soil moisture under-
pinned by the information acquired from the sensors employed at the field
along with the weather forecast data available at the Internet. An automated
sensor node is dedicated to acquire the field data. Node side connectivity
is put forth in the server-side software along with information related to
visualization and decision support properties. A unique algorithmic approach
is developed to predict the soil moisture by applying machine learning tech-
niques over the sensor node and weather forecast related data. A standalone
sensor node is employed to collect the field data in accordance with the field
requirements. In such a type of standalone condition, field data collection
device is made to process four sensors and the output of each is synchronized
with the server database with the help of a developed web service. The
assumption here considered is for huge farming area, a Wireless Sensor
Network (WSN) [47] scenario with ZigBee [48, 49] methodology can be
executed in which different sensor nodes can be fixed in the mentioned
area. All the sensor nodes will resemble the standalone device. The output
of these sensors is read by a microcontroller node connected to ZigBee for
transmitting data to Gateway Node like the standalone device with ZigBee
connectivity that cluster up the received data and store it locally in SQLite
and also send the data to the server with the help of web service. So, this
assumption is been taken an account with respect to edge comparing it with
non-edge scenarios are implemented in the simulation environment. The
scenario proposed here id developed as an extended model of the work stated
in [50]. In the simulation environment model is deployed with 8 end nodes, 3
edge nodes with router and cloud connection.
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3.2 ASIS Model Working

ASIS can be defined as a network resource manager that possess the capa-
bility to sense, act, process the signal, communicate for executing a specific
task by taking account of their physical and technological restraints like size,
energy consumption, power transmission, frequency of operation, computing
capacity, sensibility of interference. It acts as an association of communica-
tion technologies like ZigBee, LoRa and LoWPAN to augment the energy
efficiency and reduces the latency and power consumption with an applica-
tion. In this process, the developed model gets the infrastructure details as an
input to model a communication scenario for any kind of application. Here
the model will compute the network usage, network delay and power con-
sumption according to the infrastructure inputs for any type of IoT application
scenarios. This proposed model facilitates the IoT application with robustness
to decide the appropriation of communication protocols (ZigBee, LoRa and
LoWPAN) with real-time deployment by considering the above networking
parameters. In the proposed model, infrastructure details of three different
IoT scenarios are given as an input to get the best protocol metrics for real
time implementation.

3.3 Edge Based ASIS Model

In edge based ASIS model, IoT scenarios is integrated with edge computing
to enhance the performance better in the means of network usage, network
delay and power consumption. In this proposed architecture, automatic irri-
gation system is deployed using edge-based model. The core concept of
this work lies in collecting the physical features of a farming land with
sensors and utilizing these sensors acquired data along with weather forecast
information for designing an algorithm for predicting soil moisture for the
upcoming days. Figures 2 and 3 denote the architectural framework of the
proposed edge-based irrigation system for non-edge and multiple edge nodes
respectively. If there are only microcontrollers, that alone is deployed in
specific area, and it will transfer the data directly to the cloud server for
prolonged usage as shown in Figure 2 whereas Figure 3 outlines the architec-
ture of multiple node and edge nodes connected under a cloud server. Every
controller has its own specialized edge node connected to the centralized
cloud server.

Here, usage and latency of network remain similar for each edge node
whereas the time and network usage for uploading and retrieval of data will be
declined by employing edge-based model in a centralized cloud server. This



ASIS Edge Computing Model to Determine the Communication Protocols 897

Figure 2 ASIS model with Cloud based communication network.

Figure 3 ASIS with Edge based communication network.
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edge-based model is again merged with ASIS module to select the suitable
communication protocol with edge integration. This integration improves the
system by the means of network parameters like network usage, network
delay and power consumption. So, this ASIS model can be used to propose
an accurate infrastructure for the deployment of irrigation system.

4 Experimental Setup

The proposed model is configured in this simulation through two setup one
with ASIS model for selecting the communication protocol for the chosen
3 IoT scenarios and other setup to add edge with ASIS model to improve
the efficiency taking one scenario for experimentation. The first setup deals
with end nodes to communicate with the central server of the nodes and
communicate the data with the cloud server. Here the smart parking system,
Assembly line automation and the Automatic irrigation system are processed
with sample node details. In this second setup, simulation is done that
involves the sensor nodes to acquire the values of each IoT scenarios as
shown in Table 4. The values are consequently sent to the edge node. The
edge node operates the data for finding the threshold value and actuate on a
sensor connected to the edge node using the ZigBee, LoWPAN and LoRa.
An edge server initiates the link between the edge nodes and the cloud server.
This whole setup is compared with the non-edge model which is configured
with WIFI communication protocol. iFogSim , the toolkit for IoT devices
is applied as a simulator in this work and metrics such as the delay, power
consumption and network usage can be evaluated in it. The number of nodes,
type of network and range serve as an input. This is the overall configuration
that has been given as input for the proposed system. The configuration
parameters for cloud server, proxy server, and edge server are presented
in Tables 2, 3 and 4 which is created and used as an input for simulating
edge-based scenario.

The various configuration parameters are processing capability in per
million instructions, Random Access Memory (RAM), uplink and downlink
bandwidth, cost of per million instruction processing, busy and idle power.
Cloud-based setup in iFogSim is illustrated in Figure 4. Different nodes
and actuators are affixed to cloud server by router for evaluating the cloud-
based scenario performance. Nodes post the values of the sensor to the cloud
server which process the irrigation data and the moisture data. Evaluation of
edge scenario results are performed using the iFogSim created topology in
Figure 5. Three edge nodes are created in the topology and all the sensors are
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Table 2 Simulation configuration of proposed model
Cloud Router Edge ZigBee LoRa LoWPAN

CPU length (MIPS) 44800 6000 6000 2800 2800 2800
RAM (MB) 40000 6000 4000 4000 4000 4000
Uplink bandwidth (MB) 10000 10000 10000 10000 10000 10000
Downlink bandwidth (MB) 10000 10000 10000 10000 10000 10000
Level 0 1 1 / 2 2 2 2
Rate Per MIPS 2 2 4 0.5 0.5 0.5
Busy power (Watt) 10*107.39 107.339 107.339 107.339 107.339 107.339

Table 3 Model configuration of the proposed system
Infrastructure Assembly Line Smart Parking Automatic Irrigation

Details Automation System System
ASIS Model Nodes 8 8 8

Router 1 1 1
Cloud 1 1 1

ASIS Edge Model Edge NA NA 3

Table 4 Simulation configuration of task parameters
Simulation Variable Value
Task 3000
Edge node computing capacity 1.0–2.0 GHz
Edge server computing capacity 20 GHz
Data size of Task 300 MB
Bandwidth 7 MHz
Noise 15−10 W
Latency 100–3000 ms
Task Priority 1,2,3
Scheduling Threshold 1 400 ms
Scheduling Threshold 2 900 ms

attached to each edge node for evaluating the latency and network usage in
iFogSim.

With the help of wireless channel, edge node sends the tasks. A similar
MEC architecture was described by [51] and is been implemented for task
offloading and scheduling. This model possesses two layers: mobile edge
node and edge server layer. In this overall scheme, several task allocation
methods are provided along with the specifications of how and where to
handle tasks. Two models for allocation of tasks are framed in the proposed
ASIS edge-based architecture: (i) offload process model (ii) partial offload
process model [51].
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Figure 4 Cloud based communication network simulation in iFogSim.

Figure 5 Edge based communication network simulation in iFogSim.

4.1 Experimental Results and Analysis

The experimental results of the simulation carried out in iFogSim shows
the comparison of efficiency of protocols namely ZigBee, LoRa and LoW-
PAN with respect to different IoT scenarios. This deployed model further
integrated with ASIS Edge-based implementation of Irrigation system is
compared with the Cloud based model. iFogSim is used to perform the
simulations to assess the efficiency of proposed methodology and the results
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are evaluated over the performance metrics like energy consumption, network
usage and average network delay.

Analysis of Energy Consumption

It is a notable factor in datacenters as many constraints are present in con-
sumption of energy. In this simulation environment, energy consumption is
evaluated between the end nodes and cloud server by their battery usage.
ASIS model considers the power consumed by cloud, router and the end
devices using ZigBee LoRa and LoWPAN protocol. In same way in the ASIS
model with edge it does the same process but additionally it will add the edge
node power consumption. Energy consumption is found using Equation (1) as
given in [52]. Power consumption is calculated by the addition of idle power
status and power value while the device is busy [50].

Power Usage = b+ i (1)

where b is the busy power value and i is the idle power status.

Analysis of Network Delay

Network delay is one of the needy factors to be decreased in environments
that demand high real time performance. It is the total time taken for the
node and the server to send and receive the data to actuate or store. The two
endpoints that is the server or the endpoint wait to receive the data to act
accordingly where the delay occurred. In our proposed model each scenario is
having sensors and actuators at the end point which will send the data as well
as wait for the data to actuate, so the delay here is considered in millisecond
in the model. Further, in ASIS with edge, it will reduce the delay more in the
sense of receiving the data from the edge itself instead of cloud. An additional
benefit of edge computing is the evading of repeated accesses to the cloud
and computations performed at the edge of network to provide immediate
response back to the client device for reducing the delay. The network delay
is estimated with Equation (2) as given in [52].

Network Delay = α+ µ+ β (2)

where

α = variable for CPU Execution Delay
µ = time to upload the data on edge node for processing and storage
β = time taken to receive the data
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Analysis of Network Usage

The cloud resources are used only when there is an increase in cloud server
traffic which in turn induces elevated usage of network. Therefore, network
data rates get declined because of the expanded traffic. Traffic denotes the net
consumption of the network bandwidth between the end nodes and the cloud
server in ASIS model. Each edge node is committed to a specific geographical
area to deal upon the request of that particular area in ASIS with edge nodes
which results in declining of network usage and expanding of rest of the
traffic. The network usage is estimated using Equation (3) as given in [52].

Networkusage = Delay ∗ ∂ (3)

where delay is the value that is calculated from the total network delay by
that particular scenario and ∂ is the network size of the scenario taken into
consideration.

ASIS model is constructed to evaluate the performance metrices such
as energy consumption, Network usage and Network delay by acquiring
the infrastructure details as input to the model. The performance measures–
energy consumption, network delay and network usage for each application.

Evaluation of performance metrics in Assembly line automation: The
configuration used for this first case is shown in Table 3. The ZigBee protocol
outperforms other protocols as shown in Figures 6, 7 and 8 in accordance with
consumption of energy, delay and usage of networks.

Evaluation of performance metrics in smart parking system: The configu-
ration used for Smart Parking System is shown in Table 3. In this scenario, the
LoRa protocol performs better with respect to energy consumption. LoWPAN
yields good results with respect to network delay and network usage. Thus,
in the smart parking system, both LoRa and LoWPAN produced better
performance as shown in Figures 9–11.

Evaluation of performance metrics in automatic irrigation system: The
configuration used for Automatic Irrigation system is shown in Table 3. ASIS
model demonstrate the energy consumption graph of this scenario in the
terms of power usage versus total simulation time by the model as in below
Figure 12. In terms of energy consumption, LoWPAN protocol provides
higher performance than others whereas LoRa provides better performance
in terms of network delay and network usage as shown in Figures 13 and 14.

In the proposed model, the third scenario of automatic irrigation system is
extended with ASIS model along with edge implementation. Therefore, the
edge framework is built in the iFogSim to predict the soil moisture values
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Figure 6 Comparison of energy consumption obtained from ASIS model in Assembly line
automation.

Figure 7 Comparison of Network delay obtained from ASIS model in Assembly line
automation.

and compare the values with cloud by and of edge itself. The configuration
for this environment is given in the Tables 2 and 3. Finally, the Edge model
is built to select the required and suitable communication protocol attached
with edge according to the same performance metrics used in ASIS model.
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Figure 8 Comparison of Network usage obtained from ASIS model in Assembly line
automation.

Figure 9 Comparison of energy consumption obtained from ASIS model in Smart parking
system.
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Figure 10 Comparison of Network delay obtained from ASIS model in Smart parking
system.

Figure 11 Comparison of Network usage obtained from ASIS model in Smart parking
system.
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Figure 12 Comparison of energy consumption obtained from ASIS model in Automatic
Irrigation system.

Figure 13 Comparison of Network delay obtained from ASIS model in Automatic Irrigation
system.
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Figure 14 Comparison of Network usage obtained from ASIS model in Automatic Irrigation
system.

Figure 15 Comparison of energy consumption obtained from ASIS Edge model in Auto-
matic Irrigation system.

The Figures 15, 16 and 17 represents the energy consumption, network delay
and network usage of the proposed model with edge in comparison with
cloud-based model. ASIS Edge model demonstrates the energy consumption
graph of this outline in terms of energy versus total simulation time as shown
in Figure 15, network delay versus total simulation time in Figure 16 and
network usage versus total simulation time in Figure 17.
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Figure 16 Comparison of Network delay obtained from ASIS Edge model in Automatic
Irrigation system.

Figure 17 Comparison of network usage obtained from ASIS Edge model in Automatic
Irrigation system.
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5 Conclusion

In Edge computing, communication protocol plays a key role in the absolute
functioning of IoT devices, Edge devices, Cloud Services. By considering
this, an ASIS Model is developed which dynamically selects the commu-
nication infrastructure combined with edge enhancement using iFogSim
simulator. The proposed approach accomplishes the infrastructure and com-
munication requirements of IoT scenario deployment with respect to energy
consumption, delay as well as network usage in implementation. Simula-
tions are performed in iFogSim to illustrate the efficiency of the proposed
methodology in reducing the lag and network usage and the results are
compared with the cloud-based deployment for automatic irrigation system.
Experimental results reveal that the proposed Edge-based implementation
combined with ZigBee at the end network reduces the overall network usage
by 70%, delay by 85% and energy consumption by 68%. When the number of
nodes, endpoints and edge nodes get increased, it gives rise to privacy issues
in data storage with the cloud which is the limitation in proposed research. By
considering this privacy issue in cloud storage, future work can be directed
towards devising suitable encryption techniques. Furthermore, widening the
scope of the proposed work with extended number of geographical areas will
need load balancing on edge nodes for maintaining the efficiency. Hence, the
appropriate solution for the issues related to load balancing in edge nodes
will be devised in future.
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