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Abstract  

In today's environment of energy management, the impact of IoT (Internet of Things) to smart grids has gained enormous 

potential because of its multi-faceted benefits in a variety of areas. IoT paves the way for a path to subordinate and 

practically control all in virtually every area of society. On the other hand, the smart grid framework has drawn the 

attention of the universal research community and the concept of integration of IoT with the smart grid jointly shows 

tremendous potential for growth. This article emphasizes the most important exploration that concentrates on applying 

IoT to smart grids. This effort also refers to several innovative methods utilized in smart grids and IoT together with their 

corresponding applications in a variety of areas. The aim of this effort is to benefit scientists and new competitors in the 

area of smart grids and IoT begins up the consciousness for new cross-disciplinary research. In this article, a suggested 

feedback-based resource management method offers networking services, large storage, huge computation, and data 

processing the end-users and among IoT (Internet of Things)-based Cloud data centers. The real-time applications of IoT, 

like transportation management systems, traffic management systems, smart homes, health care management systems, 

intelligent cities, and demand less latency and response time to process the enormous amount of data. The anticipated 

feedback-based resource management plan offers a new resource management method, which is comprised of a unified 

structural design and retains the SLA (service-level agreement). It can reduce latency, improve security, bandwidth in the 

network, response time, and energy consumption. The experimental findings are examined with the IFogSim tool kit and 

have demonstrated that the intended methodology is efficient and appropriate for smart interaction in IoT-based cloud. 

Keywords  Internet of Things, IFogSim, service-level agreement, feedback-based resource management, Cloud data 

centers, 

1. Introduction  

Throughout the world, the extensive usage of the Internet created numerous benefits for 

organizations and civilians. IoT (internet of things) is making sure to give similar advantages to an 

everyday object, providing us with a manner in which to expand our awareness and ability to relieve 

the situation. In this situation, IoT applicants need to regulate and surveillance agro-industrial and 

environmental disciplines constantly. Instantaneously, IoT introduces new possibilities once the 

collected data feed machine learning methodologies to achieve precise decision planning, pre-

estimation, and decision-making for makers, policymakers, and end-users. The CC (cloud computing) 

is technological development and it considerably performs a part in supporting the quick 
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advancement of the IoT and offers flexible, scalable services to its registered users that depend on 

the pay/utilization model [1]. Cloud users will be free from the restrictions on acquiring cloud 

services and there is no limitation on them for the installation of system software and configuration 

of hardware; they can have easy access to IaaS for storing the sensed information, SaaS provides 

software to examine the IoT information across the internet and PaaS is utilized to run software 

services [2], in which X-IoT (X = environmental/agricultural/engineering) applications are handled 

based upon the IoT services, which are utilized to evaluate the variables of a subject area like the 

animal scattering, climate conditions, soil nutrition and also certain control variables such as 

extrapolation of hazards, amount of water in the air, temperature, and humidity. Additionally, it can 

offer information to the consumer/final user regarding the characteristics of the field. IoT is utilized 

in abundance due to a safe and secure remote controlling service. The collaboration among humans 

and the world, computing analysis, and software accessibility would be enhanced because of IoT 

accessible services. In the future, the X-IoT systems will function as the intermediary among 

government sectors, consumers, farmers, and distributors because of various IoT services. IoT allows 

a big data methodology to observe the field from a remote location depending upon the sensor 

management system. The cloud server is utilized to store and evaluate the information collected 

from every sensor of the field. This leads to an energy-effective smart observation, but this method 

was not facilitated with a standard measuring function which is utilized to correct the problem of a 

threshold value [3]. IoT-cloud allows MapReduce and parallel techniques to evaluate the smart 

decision-based information that is stored. This results in provide an accurate measuring value, but 

such techniques are not appropriate for handling a massive amount of the information [4]. The 

ecological applications have been established with IoT services, which are utilized to evaluate the 

quantity of water in the soil, floods, moisture, detection of harmful gas, air pollution, and 

recognition of risks to the environment at various levels. This calculation analysis has been 

conducted which is based upon the gathered sensed data. A precise quicker decision ensures the 

secure development of a strong environment. IoT applications in agro-industrial and environmental 

disciplines have been stipulated in the preliminary sections. The primary objective of this inquiry is 

to discover the current situation of resolutions of three fields: architectures, technological 

developments, and open challenges [5-7]. 
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Figure 1 Interaction among smart grid and cloud through geographically distributed data centers 

The feedback-based resource management system channels the information and cycles noteworthy 

information to the superiority of the gadget. In this methodology, resource management is the 

significant element and incorporates a few segments that can reliably deal with the resources and 

keep up the SLA as far as fulfilling QoS imperatives, diminishing the depletion of resources. In this 

cycle, data of the observing administrations are kept up, and it can locate the most excellent 

candidate for facilitating the comparing application. This methodology gives the unique resource 

management procedure for data handling in smart interaction IoT-based cloud. The fixed-based 

resource management methodology streamlines the resource management framework and the 

display of the IoT systems and enhances the resource supply strategy. It keeps up the SLA and 

minimizes the QoS boundaries (security, network transmission capacity, vitality utilization, idleness, 

and reaction time). The point of this methodology is the rapid planning of client tasks, subsequently 

improving client fulfillment. It can follow the client's requirements. The recommended application 

was approved with the smart applications in accordance with IoT [8]. 

2. Accessible Communications technologies in Smart Grids  

There are huge numbers of interaction advancements accessible for brilliant matrices. Interaction 

advancements can be grouped into two general classes: wired and remote advances. Wired 

innovations are normally viewed as better than remote advancements regarding the dependability, 

security, and transmission capacity. In any case, remote interactions guarantee low establishment 

costs and adaptable arrangements with insignificant cabling, which can give network over wide 

zones or territories without prior interaction foundation. In this manner, every one of these 

advances has its upsides and downsides for applications. In this part, we quickly present the current 

interaction advancements in the savvy lattices and contrast them and feedback-based resource 

management as far as execution pointers, for example, latency and bandwidth rate. The outcomes 

are sorted out in Table 1.  

2.1 Wired Communications Technology  



Nat. Volatiles & Essent. Oils, 2021; 8(4): 7409-7429 
 

7412 
 

The wired interactions advancements are fiber-optic interchanges, PLC (power line 

communications), and DSL (digital subscriber line). Fiber optic suggests a high information rate of up 

to 40 Gbps, high dependability and ultra-low latency. It is regularly utilized to give spiral 

interchanges to move the enormous sum or real-time data for a significant distance. Nonetheless, 

the arrangement and the upkeep of fibre optic organizations can be very expensive. DSL for the most 

part suggests a set-up of interaction advancements that empower automated transmission of 

information through phone lines, preventing the extra expense of sending the own interaction 

framework of electric functions. Nonetheless, the proficiency of DSL decreases as the separation 

increments, accordingly, it can just work across the short separations (nearly 1.2 km for VDSL). 

Additionally, telecom administrators can charge services excessive costs to utilize their organizations 

[9-11]. PLC uses the current force links for information communication, which diminished the 

establishment cost of the interchange’s framework. Because the signal stimulating condition of PLC 

is terrible and energetic, the channel is hard to display and the communications of information 

through electrical cables may not be solid. By and by, gratitude to the various rising 

accomplishments from both the scholarly world and the business, the communication issues are 

relied upon to be comprehended with the quick advancement of PLC.  

2.2 Wireless Communication Technologies  

ZigBee is a remote work organization, based on the IEEE standard 802.15.4 [12]. It has been 

generally embraced to shrewd lattice applications because of its low force utilization and low 

organization cost. ZigBee works on the unauthorized ISM groups. 

 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 7409-7429 
 

7413 
 

 

Figure 2: Communication range and data rate needs for communications in smart grid hierarchy 

ZigBee is regarded as a decent alternative for in-home applications, for example, building/home 

mechanization, consumer hardware, energy detecting. The assessed information rates are 20 kbps 

per direct in the 868 MHz band, 40 kbps per direct in the 915 MHz band, and 250 kbps per divert in 

the 2.4 GHz band. [13]. There are a few imperatives on ZigBee in useful use, for example, low 

handling capacities, little memory size, little postpone prerequisites. Additionally, since ZigBee 

assigns the permit free range with different apparatuses, it is more probable dependent upon 

obstruction contrasted and those authorized advancements. WLAN (Wireless Local Area Network) is 

a fast-remote Internet and organization interaction innovation, which is ordinarily referred to as Wi-

Fi. WLAN gives solid, reliable, and rapid interactions. The information rate varies to 600 Mbps from 2 

Mbps, and the inclusion comes to up to 100 meters [14]. Wi-Fi/WLAN is more appropriate for home 

and neighborhood with moderately high information rate prerequisites, for example, video 

observing applications. Nonetheless, the force utilization of WLAN may be excessively high for some 

brilliant lattice systems. Z-Wave is a dependable, low-power, minimal effort restrictive remote 

innovation that works in the frequency range of 908 MHz ISM in the USA and 868 MHz in Europe. It 

has ordinarily 30 m indoor variety which reaches out up to 100 m open-air and presents a low 

information pace of 9.6-40 kbps [15]. Z-Wave is a decent possibility for brilliant lattice applications in 

home region organizations with the low-data rate and short-range abilities. WiMAX is a 4G remote 

innovation dependent on the IEEE 802.16 arrangement of norms [16]. The WiMAX standard locally 

bolsters the continuous high-information rate two-way broadband interactions, for example, far off 

observing, constant valuing, and so forth. Notwithstanding, conveying WiMAX can be over the top 

expensive since the WiMAX towers depend on generally exorbitant radio types of gear, driving that 
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WiMAX isn't broadly embraced as a remote stage for savvy matrix applications. Besides, the 

recurrence of WiMAX more than 10 GHz brings about short frequency, makes it hard to go through 

snags. What is more regrettable, the exhibition of WiMAX can be even influenced by the terrible 

climate circumstances. Hence, WiMAX may not the best possible possibility for savvy lattice 

interactions. A wireless network is an adaptable organization comprising of a gathering of hubs, 

where new hubs can join the gathering and every hub goes about as an autonomous switch. The 

self-association and self-recuperating qualities of this geography enormously enhance the 

dependability of the organization. Wide inclusion range and huge limit can be accomplished by work 

network because of its capacity to carry out multi-bounce directing. Work organizations can be 

executed with different remote innovations, i.e., 802.16, 802.15, and 802.11. In any case, the set-up 

and support of this geography are troublesome. It entails nonstop management considering the 

excess introduced in the organization. Thus, an outsider organization might be expected to keep up 

and deal with the remote work organization. LoRa is an agent unlicensed LPWAN innovation works 

on the 433-, 915-or 868-MHz ISM groups [17]. It was suggested by Semtech and additionally 

enhanced by the LoRa Alliance. LoRa is appealing to engineers because they can construct total 

framework arrangements on its head and the determination of the standard LoRaWAN is accessible 

gratis. The balance of LoRa depends on the tweet spread range (CSS) plot that helps battle against 

substantial multi-way fading. The inclusion of LoRa ranges up to 22 km in the provincial zone and 8 

km in the metropolitan region. It suggests the versatile information rate extends to 50 kbps from 0.3 

kbps that are controlled by six symmetrical propagating elements. The low-information rate normal 

for LoRa confirms that it is just pertinent to applications with little payloads. 

3. Benefits and Possibilities  

This section is going to deal with the advantages of feedback-based resource management and also 

opportunities in the perspective of both cloud computing and smart grid.  

3.1 The Smart Grid Environment  

Initially, feedback-based resource management can enhance the implementation of incorporation 

and manipulation of data in the smart grid. In several conditions, impartial business measures result 

in “islands of data,” and as a consequence, the information in each category of electrical efficiency is 

not readily available by procedures in another organization [1]. Though the assurance of information 

is developed, with the comfort necessary, it is typically operating in the smart grid. If everything or 

the vast majority of the details will be saved and processed by a service provider at the center, we 

have a quite cost-effective manner to integrate such islets of data. Additionally, high-level data 

integration also offers the potential to enhance data usage and improve the high-level quality of the 

options and tasks. Second, feedback-based resource management can make easier the sample data 
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in the smart grid region and reduce the operational cost. Various data control services (e.g., strategy 

computation, analysis, and data storage) can be provided for outsourcing to the cloud, and electric 

utility services can demand the service(s) and application(s) once required [21]. This appears 

sensible for three reasons. The first objective is that the smart grid is a complex system of methods, 

which leads to complex interactions between data, energy, and interaction subsystems [1]. 

Traditional power resources may not have sufficient abilities in the design and implementation of 

complex data models. Consequently, the improvement of the smart grid may entail the more 

experienced IT industry to be involved. The second reason is that when a data management support 

is presented as an efficiency by cloud computing, several electric efficiency networks may utilize this 

support to recognize certain functionality without expanding and utilizing their solution to the 

problem from the scratch. Also, cloud companies will care for, support updates, optimizations, and 

improvements. This improves the employment of solutions and sources though reducing the 

operational cost of the performers in the smart grid area because they do not need to obtain 

considerable amounts of money for complex and high-priced data models, execution, protection, 

and modernize [15-17]. The third reason is that the resource requirements of various computations 

and data applications in the smart grid vary so far that an accessible system is required to establish 

and control. For example, the resource requirements for the utility vary throughout the time of the 

day, with optimal features that are occurring throughout the day and data processing requirements 

slowing down in the night [2]. The key property of cloud computing is on need and highly scalable 

and becomes the scaling problem in the smart grid much easier to fix. Third, feedback-based 

resource management can create opportunities for the achievement of the atmosphere of the smart 

grid. The technology that enables people and small enterprises with the capability of generating 

usable energy reduces barriers to entry for additional participants and opens the markets in the 

smart grid sector because the energy generated from the end-users could be exchanged. Feedback-

based resource management additionally declines the access constraints, because it would be far 

more cost-efficient for end-users on need and to utilize pay-as-you-go on cloud computing to 

understand data control, in comparison to the situation where they design and deploy their 

information model. Additionally, at this point cloud computing is considered to be one of the most 

popular locations of exploration wherever new exciting solutions and applications continue to grow. 

Numerous programs are intended and employed by enterprises to offer a variety of value-added 

essential services to users. This pattern may also stimulate interesting additional data models in the 

smart grid sector, which additionally improve the achievement of the environment of the smart grid.  

3.2 The Cloud Computing Environment  
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The developing smart grid is additionally a decent opportunity to propel the cloud computing 

market. The smart grid is usually considered as an engaging solution for the next generation power 

framework, which is anticipated to deliver more revenue every year. Fortunately, the smart grid 

itself is a significant level framework with power, interaction, and integrated data, which gives a goal 

of penetration to IT associations to get connected with this latest market. Cloud computing has 

gotten accomplishments in numerous zones, for example, versatile business, e-business, and 

information stockpiling support. It ought to likewise exploit this likelihood to expand its 

accomplishments. See that some inventive IT associations have delivered some underlying projects 

as of now. Microsoft Company Hohm [3] is an online web application that permits clients to assess 

their vitality use and gives vitality sparing recommendations. Google delivered PowerMeter [4] as a 

free force the following assistance, offering representations of customer vitality usage, the capacity 

to examine about subtleties with others, and redid recommendations to save power. 

4. Simulations  

Because of the strategic attributes of the smart grid, the dependability of feedback-based resource 

management must be carefully assessed prior to it is utilized. BER is the most precise and explicit 

measurement that portrays the consistency of data transfer over remote channels. Hence, in this 

part, Monte Carlo modeling was performed to examine the BER execution against the SNR (signal-to-

noise ratio). The modeling is completed at the connection level. The channel model is picked to be 

COST 207 and some general interaction conditions of the smart grid, like urban and rural conditions, 

are taken into consideration.  All the modeling factors are chosen by the feedback-based resource 

management particulars. The variation of feedback-based resource management is chosen to be 

QPSK once conveyed GMSK in GSM frameworks and LTE frameworks, individually. Other modeling 

factors are recorded in detail in Table 2. For reasonableness, all plans in the proposed examination 

share a similar spectral ability. The COST 207 channel models [15] were normalized to empower 

various communications originators to replicate their frameworks utilizing a typical arrangement of 

channel models. Four spread models are characterized. 

Hilly Terrain (HT): HT characterizes a region with the presence of rolling hills and mountains. HT 

models are described by Small-scale fading on all routes. The channel is built with 12 taps. The 

highest possible route delay is 20 µs. Because the vast majority of smart grid applications are a 

shortage of flexibility, hence the speed of movement and Doppler propagation in this model is 

intended to be zero.  
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Typical Urban (TU): A model of TU is described by Small-scale fading on all the five routes, the 

highest possible path delay is 16 µs. TU generally symbolizes the everyday cities with the suburban 

region or less tall buildings of the larger cities. 

Bad Urban (BU): A model of BU is described by Small-scale fading on all routes. BU usually signifies a 

region that has several high-rise and dense buildings, like the downtown of metropolitan area like 

Manhattan.  The model is built by a object of Rayleigh channel with 6 taps. The highest possible path 

delay is 6.6 µs. 

Rural Area (RA): A model of RA are described by Ricean fading on the first route and Small-scale 

fading on the three other routes. RA typically implies a flat region with tall buildings and a few hills. 

The highest possible route delay is 0.6 µs. The standard K-factor of RA is -1.5 dB. 

Table 2: System Factor 

Frequency Band 355mHZ 

Type of mode QPS,GMK 

CP SIZE 35 

SAMPLE RATE 8.65MHZ 

PRE TIME SLOTS 5 

SYMBOLS OF THE TIME SLOTS 3198 

SUB CARRIER FREQUENCY 16 KHZ 

 

In proposed modeling, the evaluation of the channel is conducted which is based upon the foreword, 

which is situated before each data symbol and includes a whole symbol established by both the 

receiver and the transmitter. Later, the channel projections are utilized for demodulation and the 

equalization of the data symbol. The equalization of the channel algorithm is zero-forcing. The BER 

has been measured which is attained by the detector of ML(maximum likelihood), with channel 

coding excluded, against the SNR, which is characterized as the variation of the AWGN and the 

percentage of energy per bit, i.e. Eb/N0. For minimalism, we suppose that each user terminal and 

the base station is fitted with a single transmitter. Because for guard-band and in-band operational 

methods, overall power is shared among Feedback-based resource management and LTE, 

implementation will be parallel. Consequently, in this portion, the overall efficiency of operation of 

in-band was examined within LTE methods and that of stand-alone function in GSM systems.  
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Figure 3: BER performance attained by the downlink FDMA with in-band implementation in 

various conditions 
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Figure 4: BER performance attained by the satellite FDMA with in-band implementation in various 

conditions 

4.1 In-band in LTE Systems  

Figure 3 illustrates the top-down effectiveness of feedback-based resource management. The 

performance in accordance with the COST 207 channel is far inferior to that in accordance with the 

AWGN channel. This could easily be realized because that frequency with which selective fading has 

been established in the model of COST 207 channel because of the multichannel effect. In Figure 3, it 

is detected that the BER (bit error rate) of RA declines in a linear manner with Eb/N0, reveals 

improved performance in comparison to other situations. This is due to the fact that the territory in 

RA is level with not many slopes and tall structures, accordingly, there is a LOS way that exists 

among the receiver and the transmitter, which give the prevailing segment of data. The other three 

situations all are experiencing the Small-scale fading. As the SNR builds, the ICI brought about by the 

delay propagate turns into the restricting element, and in this way, such three bends show mistake 

floors. We can find out that the exhibition of BU plays better than HT and TU. This is happening 

because there are thick and large structures in BU, with such elevated thickness of hindrances, the 

most extreme way postponement of BU is smaller in comparison to HT and TU. Hence, the 

intelligible transfer speed of BU is greater than them, creating the chance of profound fading is 

generally little than in different situations. In any case, it very well may be noticed that HT plays 

superior in comparison to TU even though they have the comparable intelligent transfer speed. This 

happens because HT has more reflection and diffraction ways contrasted with TU with the presence 

of mountains and moving slopes, consequently the more communication ways create a decent 

variety increase across free blurred ways. Figure 4 shows that the uplink execution of feedback-

based resource management under various situations. It tends to be seen that the bends among 

various situations comply with the comparable principles as in Figure 3. For SC-FDMA, there are two 

different methods to plan subcarriers, ie., interleaved FDMA (IFDMA) and limited FDMA (LFDMA). In 

Figure 4, we can find out that the IFDMA outflanks the LFDMA in practically all the situations we 

tried. This can be clarified that with interleaved planning, the subcarriers inside a gathering are 

divided similarly in a separation normally more prominent than the rationality transmission capacity, 

they are probably going to encounter free fading measurably. Consequently, the recurrence assorted 

variety increase can be accomplished by IFDMA to enhance the framework heartiness against 

recurrence specific fading. 
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Figure 5: BER performance attained by the FDMA withstand-alone implementation in various 

conditions 

4.2 Stand-alone in GSM Systems  

Figure 5 illustrates the overall efficiency of feedback-based resource management utilized in GSM 

systems. The BT (bandwidth-time product) of the Gaussian filter is 0.3 for the GSM system. GSM 

utilizing GMSK (Gaussian Minimum Shift Keying) as their modulation format. The hypothetical 

possibility of error for GMSK is Pe = Q(p2αEb/N0), as demonstrated in Figure 5. Where α is a 

constant associated with the BT by α = 0.68 for GMSK with Q(t) is the Q-function and BT=0.3. From 

Figure 5, it can be observed that the RA plays better in other situations. The accomplishment of HT, 

TU, BU is near each other once Eb/N0 < 25 dB. As Eb/N0 rises, the performance curves display the 

comparable rules as in Figure 3-4. Based on the modeling shown above, feedback-based resource 

management is shown to function well in all the characteristic interaction situations in the smart 

grid. Additionally, because of the extensive coverage of the current cellular telecommunications 

structure, feedback-based resource management is anticipated to provide support for 

telecommunications with nearly 100% coverage [12]. Therefore, geologically extensive smart grid 

applications, like DRM and meter reading, are meant to be mainly implemented through feedback-

based resource management. As a consequence, the requirements for visits to the field of 
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employees for manual outage coverage, meter reading, and generally refurbishment tasks can be 

eradicated with the hiring of feedback-based resource management, particularly for harsh 

conditions that are hard for individuals to gain access. Various efficiency improvement methods that 

utilized in SC-FDMA/OFDM can be transferred to feedback-based resource management because of 

the similar physical layer layout. 

To verify the proposed model of a communication scheme for SG monitoring related to voltage 

profile monitoring and power losses calculation, two real-time simulations have been performed:  

• Cloud-based communication architecture 

4.3 SG monitoring using Cloud-based communication architecture  

In this virtual analysis, voltage data from all organization transports will be dispatched legitimately to 

Thing Speak using reproductions of ongoing data dispatching units. Point esteems and voltage size 

are sent normally in 20 s genuine second stretches utilizing Thing Speak yield channel blocks. 

Information got at the Thing Speak stage is pictured, subsequently empowering ongoing observing 

of voltage sizes during the recreation. 12 Thing Speak diverts are utilized for this reason (one channel 

for each transport) since transports 650 and 632 are short-circuited in the model (directing 

transformer is disregarded). The greatest inhabitancy of each channel is set to 6 fields to empower 

the checking and perception of voltage extents and points in each stage (stages A, B, and C). To act 

as an illustration of the continuous observing capacity, transport (hub) 671 voltage information in 

stage A is envisioned utilizing the Thing Speak IoT stage and appeared in Figure 6. Voltage size 

varieties have appeared in Figure 6(a) while comparing stage edge varieties are appeared in Figure 

6(b). Prior characterized reproduction occasions plainly show during voltage profile ongoing 

observing. As can be seen, the most extreme number of pictured estimations is set to 10 during 

checking (time venture of information move is set to 20 s). As indicated by imagined voltage 

information introduced in Figure 6(a) the accompanying example of occasions can be identified:  

• because of the inclusion of "weighty" inductive load at transport 675, in time 

moment T1 = 60 s from the recreation start (occasion 1), voltage extent at transport 671 

reductions to esteem around 3 kV.  

• after the discovery of an unexpected voltage size drop, which isn't permitted and 

basic for loads, the programmed pay gadget starts receptive force remuneration by 

embeddings fixed three-stage battery at transport 675 in time moment T2 = 120 s (occasion 

2). Therefore, the voltage extent at transport 671 begins to expand again and arrives at the 

incentive around 3.45 kV which is satisfactory.  
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• in time moment T3 = 180 s (occasion 3), network reconfiguration starts and 

breaker between transports 671 and 692 intrudes on the circuit, which is shown by new 

voltage greatness decline, which isn't basic for loads.  

The past investigation shows the ability of Cloud-based interaction engineering to help continuous 

observing of voltage profile in SG. Additionally, other accessible estimations, for example, voltages at 

different transports or voltages in various stages can be likewise observed and pictured 

progressively. Voltage point variety (appeared in Figure. 6(b)) isn't critical for this investigation since 

it is extremely low, and it tends to be disregarded (greatest deviation is around 0.1 rad). 

Reactive and active losses of power are provided by the subsequent equations: 

--------(1) 

------(2) 

Where X and R are reactance and resistance of feeder impedance Z, respectively. As is clear from the 

equation (1) and equation (2), reactive and active losses of power can be computed if stage variation 

θ and components of voltages U2 and U1 are recognized. By definition of the completely discernible 

network, according to the following quantities are recognized. In a case-by-case basis of non-fully 

detectable networks, the iterative method must be utilized to determine those amounts originally. 

Distribution networks are frequently different in components placed in various stages (unbalanced 

operation) and it is required to utilize equation (1) and equation (2) individually for each stage. 

Concurrently with the real-time voltage profile surveillance, the computation of power losses 

according to equation (1) and equation (2) is currently being conducted on Thing Speak utilizing 

integrated MATLAB-code. The computation is initiated each time once new voltage dimensions 

come to Thing Speak, thus every single 20 s. The result of the Cloud-based computation is the 

information regarding the overall evident value of power losses in evaluated SG (IEEE 13 feeder). 

Overall obvious losses of power are projected in accordance with the following equation: 

----------------------------------------(3) 
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where: n = 9 represents the number of branches that represent the high-voltage transmission lines 

in the distribution system; Piloss and Qiloss are reactive and active power losses in high-voltage 

transmission line i (branch of network i) computed by an equation. (1) and (2), respectively. Power 

failures in distribution converter linking buses 634 and 633 are ignored. 

 

Figure 6. Real-time image of the power supply data evaluated at the bus (node) 671 in stage A on 

Thing Speak IoT platform (a) degrees; (b) angles of phase 

 

Figure 7. The real-time vision of the complete evident power shortfalls in SG (IEEE 13 feeder) 

utilizing the Thing Speak IoT program. 

The real-time vision of the complete evident power shortfalls in SG utilizing the Thing Speak IoT 

platform is displayed in Figure 7. By examining the discrepancy of obvious power shortfalls Figure 7) 

it is possible to conclude that the structural design of interaction has the ability to support real-time 

Cloud-based computation and monitoring capabilities. The increase of the obvious power losses is 

evident after the simulated event ((1), which is subsequently tracked by a reduction triggered by the 

event (2), and ultimately, the additional reduction has been appearing following the event (3). This 

pattern of obvious power losses difference is projected and synchronized in time with the pattern of 

voltage profile difference demonstrated in Figure 8. Cloud-based MATLAB functions effectively 

computed obvious power losses in the specified real-time frame. Figure 8 indicates the MATLAB 
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code implementation time on the Thing Speak Cloud server. The average period achieved for 10 

code executions is 1.79 s and that is acceptable for examined real-time surveillance function of 

evident power losses because the new voltage data is obtained by the server in 20 s periods. 

 

Figure 8 MATLAB code implementation time on Cloud server (Thing Speak). 

Concurrently with the voltage profile surveillance function, evident losses of power are regularly 

computed at the Fog server model over time settings of 5 s. The computation outcomes are 

examined at a local level at the Fog server layer and concurrently sent to the Cloud server layer (IoT 

platform of Thing Speak) in time settings of 20 s. Data are currently being sent in real-time utilizing 

Thing Speak channel number 676,034, as demonstrated in Figure 9. Consequently, in this situation, 

only data that represent obvious losses of power is currently being sent to Cloud, at the same time 

as the voltage data is preserved and used at the Fog server layer. The real-time image of overall 

apparent losses of power in SG (IEEE 13 feeder) utilizing the Fog server model and IoT platform of 

ThingSpeak is demonstrated in Figure 10. 
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Figure 9 Fog computing layer model based on the MATLAB function block. 

 

Figure 10. Real-time visualization of total apparent power losses in SG (IEEE 13 feeder): (a) 

ThingSpeak IoT platform; (b) Fog server model 

5. Application for a particular case experiment  

In this portion, the real-life implementation of the fog computing concept in conjunction with the 

conventional framework of cloud computing has been discussed and a few of its pragmatic 

applications were also discussed. A common flow diagram was presented in Figure 11 which 

demonstrates the maintenance flow for a real-world application being provided by the framework of 

fog computing.  
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Figure 11 Flow chart of real-life implementation service in a fog computing structure 

5.1 Smart vehicle management  

Smart vehicle management is essentially a technical fusion of smart traffic management and linked 

vehicle. The linked vehicular system is flourishing on real-time interaction among the road-side 

access points and the on-road vehicles. These networks take place across the LTE, 4G, 3G, or WiFi 

[16,17] structure. The vehicles are outfitted which several sensors which evaluate the road 

circumstances, a traffic jam, and send the information to a local server. Such data-feeds are 

examined in the real world and vital information about location-conscious are offered to the 

vehicles. Smart traffic management system, the smart traffic lights communicate with the sensors 

which identify and calculate the stream of traffic flow on the highways and handles its light-cycle 

adaptively [7]. Sensor-outfitted parking spaces that offer previous data regarding locality and the 

availability of parking space slots are also a component of this linked automotive system. In a fog 

computing structure, the data analysis of location-aware will be held within the co-situated FI and 

low-latency providing the service is accomplished from the fog level without the interference of the 

cloud computing tier. The FIs are solely accountable for managing the traffic lights within a specific 

area. Additionally, communication among the adjacent FIs is necessary to sustain effortless traffic 

flow throughout areas. Although all the real-time latency-confidential calculations and assessments 

are administered by the fog computing tier, the combined data are later forwarded to the cloud 

computing foundation for long-term evaluation of the international transportation circumstances.  

5.2 Smart grids  
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Smart grids act as a further illustration that involves real-time data handling with extremely low 

latency. The smallest level consists of various automated appliances, like plug-in hybrid electric 

vehicles, computer servers, industrial machinery, and electronic home appliances, which attract 

energy from the grid. The smart meters regulate the power consumption for every one of those 

devices and require sending significant quantities of data constantly over a period. In this scenario, 

the fog computing level could act as a local data sink retaining consumption details, and the 

demand-supply and care for all deals within the area. Later, such data are sent to the cloud 

computing tier for a global study, required aggregation, and long-lasting storage [15]. By creating an 

intermediary fog computing tier, the load on the underlying cloud computing component is 

significantly reduced and essential facilities are offered from the fog computing level without the 

need for any extra latency. 

6. Conclusions  

In this article, feedback-based resource management is recommended for the smart grid to offer 

reliable and secure communications between the various elements in the power system. To confirm 

that feedback-based resource management is the intelligent selection for the smart grid, we initially 

examined existing information and communication technology, comprising conventional tools like 

WiMAX and ZigBee as well as LPWAN tools like Feedback-based resource management and LoRa. It 

is demonstrated that the feedback-based resource management will be able to offer communication 

services that concurrently accomplish a long variety, high dependability, and the relevant data rate. 

Later, a thorough inquiry on the necessary conditions of the smart grid was offered. Feedback-based 

resource management is examined against every one of them and is proven to completely fulfill the 

vast majority of the qualitative and quantitative requirements, like scalability, security, and 

reliability. Because of its invisibility insensitive feature, feedback-based resource management is only 

appropriate for the delay-tolerant applications, like V2G, G2V, DRM, and AMI. Simulation Models 

also show that it provides improved performance in the existence of LOS paths and the efficiency 

may be enhanced with the secondary incorporating method. Modeling on the accomplishment of 

feedback-based resource management in conventional communication in smart gird situations 

showed that it is a pleasing technological development for communications in the smart grid. 
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