
 

International Journal of 

INTELLIGENT SYSTEMS AND APPLICATIONS IN 

ENGINEERING 
ISSN:2147-67992147-6799                                       www.ijisae.org Original Research Paper 

 

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(2), 184–193 |  184 

Long Range (LoRa) Communication Protocol with a Novel Scheduling 

Mechanism to Minimize the Energy in IoT 

 

Dr. Senthilkumar Jagatheesan1, Dr. Nargis Parveen2, Dr. Divya Mahajan3, Sonali Nerkar4,  

Dr. Gurwinder Singh5, Dr. Humera Khan6, Manoj Kumar7 

Submitted: 17/09/2023         Revised: 18/11/2023           Accepted: 28/11/2023 

Abstract: The proliferation of IoT devices has increased the concerns about their cohesive energy consumption. Many of these gadgets 

are portable, but there are also a sizable number that are permanently connected to the internet. Most battery-powered devices need a huge 

amount of power to operate, however not necessarily for all gadgets. The device has a finite lifespan due to the limitations of its power 

source. The main objective of this study is on developing a strategy for routing Internet of Things devices and selecting an appropriate 

frequency range. The unique communication technology LoRa (Long Range), designed for Internet of Things (IoT) devices, has been 

chosen as the frequency band routing. It is an optimization method based on the modified version of the Environmental Adaptation Method. 

Our proposed method minimizes the energy consumption as well as throughput of the routing mechanism. The average response time of 

proposed method is 0.09095 which is lower than other existing metaheuristic approaches such as ACO, GA, K-Means, PSO, DE are 

0.11484, 11225, 0.15364, 0.12591, 0.12265 respectively. 

Keywords: Energy, IoT, optimization, routing, Environmental Adaption Method. 

1. Introduction 

Devices connected to the Internet of Things (IoT) confront 

more difficult processing demands as the IoT spreads 

around the globe. However, IoT devices often have 

limited processing power and battery life [1]. As the 

number of Internet of Things (IoT) devices grows to the 

billions in the next years, so does interest in IoT network 

optimization. Therefore, the IoT network must be 

structured to minimize the effect of this traffic on other 

services that utilize cellular and other kinds of networks. 

Without a solution to network issues, the Internet of 

Things (IoT) will not be able to continue to expand [2]. 

Developments in transportation, governance, 

environmental and quality-of-life must be made as a result 

of the fast expansion in urbanization over the last decade. 

The Internet of Things (IoT) offers a wide range of 

sophisticated and ubiquitous applications for smart cities. 

IoT applications are using more and more energy, while 

the number and needs of IoT devices are rising [3]. In 

order to do this, energy-efficient city solutions must be 

able to cope with the problems that arise from their usage. 

For the implementation of complex energy systems in 

smart cities, energy management is viewed as a crucial 

paradigm [4][5][6]. Communication and networking 

technologies are used to overcome the challenges posed 

by urbanization and population increase in a smart city. 

Smart cities are made possible in large part by the Internet 

of Things (IoT), which consists of sensors, actuators, and 

communication and network devices. A wide range of city 

activities may be detected and monitored in real time 

using the sensing devices [7][8]. 

In the near future, common industrial, personal, 

workplace, and residential devices, equipment, and 

objects are predicted to be  able to sense, transfer, and 

analyses data. It takes longer for all systems to respond 

when there is a lot of network traffic [9][10].  

System response time is reduced and energy consumption 

expenses are reduced by selecting the shortest route from 

source to destination. It is because of the problems that 

different individuals have different viewpoints about the 

Internet of Things (IoT). A routing protocol includes a 

variety of task scheduling techniques. 
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It is possible to classify these job scheduling methods as 

either heuristic or metaheuristic. Rather of using 

metaheuristic methods, which aim for global optimums by 

exploring the whole solution space, heuristic methods are 

more suited for finding a local best solution. IoT's colossal 

number of characteristics makes metaheuristic techniques 

less useful than they first look. [12]. One of the most well-

known algorithms in this meta-heuristic sector is the ACO 

algorithm or its derivatives, which have been used by 

several academics to find the shortest route in various 

routing issues. Using a stochastic local search strategy, the 

ACO algorithm shapes the routing patterns that a swarm 

of artificial ants may generate [13]. 

Our strategy is based on a metaheuristic method that seeks 

the shortest route while also taking environmental 

variables into account in order to maximize energy usage. 

Environmental variables like humidity and temperature 

have a significant impact on IoT device energy usage. The 

IoT devices are specifically targeted by these 

environmental parameters, and a new scheduling 

technique called Improved Environmental Adaptation 

Method is given. In addition, our solution incorporates 

these characteristics depending on the device's location. 

You may get information about an area of a device by 

looking up its location in a lookup table, and then using 

that information, you can determine its average 

temperature and humidity for a certain time period. 

Below is the outline for the rest of the paper: Section 2 

describes the related work in a nutshell. The methods 

employed in this study are discussed in Section 3. The 

findings and analysis are presented in Section 4. The 

conclusion and potential implications are discussed in 

Section 5. 

2. Related Work 

An optimization issue is often made up of inputs, outputs, 

restrictions, and several objective functions [14]. The IoT 

network optimization challenge consists of several 

components that must be combined in a variety of ways to 

address a particular network problem. According to our 

evaluation of past work, there are primarily two 

approaches to optimizing data. (1) Formulating a solution 

for the shortest route using an existing and well-known 

optimization procedure. IoT scheduling issues may be 

solved by using heuristics, which is an innovative 

approach. 

It does not imply that we cannot combine the two methods 

of tackling the issue of routing in IoT devices. Using a 

combination of the previously mentioned two 

methodologies for IoT devices, we can always get an 

answer. When the issue is complex or the current 

techniques are ineffective, both approaches are commonly 

used together [15]. There are two types of heuristics: one 

is an algorithm that provides a rapid approximation 

solution for more complex issues, and the other is a greedy 

method that produces the optimal solution by using 

assumptions. 

a) Proposition based on Particle Swarm 

Optimization (PSO) 

One of the most well-known population-based 

optimization algorithms, PSO can resolve optimization 

problems that traditional algorithms may have trouble 

with via an iterative process of checking and modifying 

the location of the particles. It was PSO's inspiration to 

study the swarming behavior and schooling nature of 

animals and other species. Numerous research papers on 

different optimization techniques have been published in 

the last several years using PSO [16] as a means of 

optimization. 

This approach employs an orthogonal learning technique 

to provide fast route recovery when the path to the sink 

node fails due to sink node displacement, as well as an 

alternative path for efficient path repair, as described in 

[17] by its developers. Results show that the method 

lowers communication costs and increases the longevity 

of the network. 

According to [18], PSO was used by the authors to test 

different transmission power levels for the sensor cluster's 

individual nodes without causing any disconnected 

sections to form. The end results show that adopting PSO 

saved more sensor energy compared to common nodes 

placed with a single transmission power. As the selection 

of cluster heads has a considerable influence on network 

performance, energy efficiency is an important 

consideration in cluster-based capillary networks. 

It was suggested by Wen et al. [19] to improve PSO 

(IPSO) by applying weight factors collected from 

experimental simulations. These findings show that this 

strategy incorporates issues affecting weight, information 

source reliability, information redundancy, and 

hierarchical structure consolidation into its design. 

b) Proposition based on GA (Genetic Algorithm) 

Genetic Algorithm uses Mark Baldwin's theory of natural 

election and the tactics of evolution of the species to find 

the best solution to a given issue. Contained and 

unconstrained challenges may both benefit from the usage 

of GA. 

By combining the well-known k-means clustering 

algorithm with the GA, Amol et al. introduced a novel 

technique in [20]. The k-means clustering approach is 

used to find the best cluster head and the best clusters, and 

the GA method is used to find the best route. Because GA 

is dependent on the cluster-energy head's level and the 
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length of the route, the resulting path will be more reliable, 

quicker, and have a longer lifespan. 

[22] proposed a heuristic-based evolutionary strategy to 

identifying the most efficient nodes in the network for 

sensor data interpretation. 

Using a variety of parameters, the top candidates are 

narrowed down to those with the largest storage capacity 

and energy output.  

(c) Propositions based on Non-dominated Sorting 

Genetic Algorithm II. 

NSGA II is a member of a family of algorithms in which 

numerous goals must be addressed. Using the term "multi-

objective" implies that we are aiming for more than one 

goal at the same time. Multiple goals are common in IoT 

device energy optimization/minimization problems. For 

example, we may want to decrease energy consumption 

while simultaneously ensuring that data packets follow 

the shortest route possible, requiring the fewest number of 

intermediary nodes. Considering that our communication 

technology has a hard limit on the number of intermediary 

nodes it can support, we may also be restricted by range 

and data rate constraints. As a result, using a multi-

objective optimization strategy might be beneficial. 

Authors in [23] suggested a multi-objective evolutionary 

technique to optimize the distributed sensor network, 

consequently reducing energy usage, in this area of study. 

Our primary focus is on meta-heuristic scheduling; thus, 

we are just going to talk about other scheduling 

approaches like heuristics and other statistical methods 

here. 

Numerous meta-heuristic ideas for effective scheduling 

techniques may also be found, such as applications based 

on ACO (Ant Colony Optimization), (DE) Differential 

Evolution, Grey Wolf Optimization (GWO), and Ant 

Colony Optimization (ACO) [23][24]. 

3. Proposed Environmental Adaptation 

Method 

We have chosen Environmental Adaptation Method 

(EAM) [25] as a base for the optimization of our routing 

protocol. The improvement is basically focused on its 

application on our objective of energy minimization while 

routing huge number of IoT devices across a specific 

region. Since we have well defined boundaries of regions, 

hence we can add adaption parameters based on the region 

to which it is routed. The name comes from this tuning of 

environmental parameters as Improved Environmental 

Adaptation Method, and hence we achieve a better routing 

protocol which not only minimizes the energy 

consumption as well as throughput of the routing 

mechanism. 

One of the evolutionary techniques for tackling single 

objective optimization issues is the Environmental 

Adaption Method (EAM) [26]. Following EAM's initial 

proposal, several versions were proposed and we designed 

it specifically for our use in routing protocol for IoT 

devices. The Environmental factor that we have 

considered comes from the humidity and temperature, as 

these factors of humidity and temperature greatly effects 

the energy consumption of IoT devices. These 

environmental conditions or rather we can say noise is 

added as a tuning parameter to the adaptation operator of 

the EAM.  

EAM is one of the various evolutionary approaches 

proposed in the past. EAM uses adaptive learning 

approach that helps in faster convergence to the optimal 

solution. IoT devices’ performance relies on quicker 

response time, hence a faster convergence is most sought. 

We have used binary version of EAM because in routing 

we already have binary values which need not to be 

converted to real and vice-versa, hence computational 

complexity involved in this process is also decreased.  

The results when compared with similar metaheuristic 

algorithms are very promising than the other proposed 

state-of-the-art algorithms in this metaheuristic domain, 

which are discussed later in the results and discussion 

section.  

The operators of EAM have been shown in equation 1: 

 

  

𝑃𝑖+1 = [𝑟𝑜𝑢𝑛𝑑 (𝛼(𝑔) ∗ (𝑃𝑖)
𝐹𝑛(𝑃𝑖𝑛)

𝐹𝑎𝑣𝑔

+  𝛽(𝑔))]  % 2𝐿    

(1) 

 

Where, α(g) and β(g) are random numbers L represents 

the total number of bits in an individual, F_avgis the 

average fitness value of the current population. Then 

alteration operator and selection operator change the unfit 

solution and selects the best solution respectively. The 

modified optimization algorithm proposed in this paper 

which determines the optimal routing path can be shown 

as in algorithm 1. 

Algorithm 1: Modified Environmental Adaptation 

Method for energy minimization in IoT 

Input: dimension, SL, SH, max_eval 

Output: Solutions participated in optimal path 

Begin: 

1. Fix population size in a linearly increasing way 

as per the dimension using equation initial_population = 

50*dimension,  
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2. Generate the population randomly from within 

the search boundary of [SL, SH] 

3. Calculate the throughput values of all the 

possible paths between the given 2 nodes. 

4. Initialize counter i as 0 

           do  

create temp_population using equation 1 

change population using selection operators in 

algorithm2 

                  increment counter i 

          while (i<Max_evaluations); 

 

End 

The selection process of EAM is done by selection 

operator   whose algorithm can be depicted as in algorithm 

2. 

Algorithm 2: Selection operator of Modified 

Environmental Adaptation Method for energy 

minimization in IoT 

Input: previous_population, current_population 

Output: population for adaptationoperator 

Begin: 

1. Combine previous_population and 

current_population 

2. Calculate all possible paths between any given 2 

nodes. 

3. Select only the better half 

paths/particles/individuals from the merged population.  

End 

After getting an optimal routing path among the nodes/IoT 

devices, the communication protocol Long Range (LoRa) 

is used. This communication protocol is specially 

designed for IoT devices since its deployment to large 

scale IoT devices is very cost effective in terms of battery 

life of small IoT devices. Moreover, it can establish the 

desired long-range broadcasts of up to 10 Kms when 

obstructions to the communication path is minimal as seen 

in villages. For lighting systems LoRa has already been 

proven to decrease the energy by 40% [11]. For all other 

use case scenarios as expected in cities it has been proven 

to decrease the energy consumption by about 20% as the 

reference [12] suggests. The LoRa devices that we have 

used is depicted in Figure 1(a), 1(b), 1(c) and 1(d).

 

1(a) LoRaWan Gateway 

 

1(b) LoRa Gateway 

1(c) A LoRa Module 

 

 

 

1(d) LoRa Terminal  

Fig 1: (a) LoRaWan Gateway we have used for connectivity with the Wide-Area-Network. (b) LoRa Gateway for 

communication with the internet (c) and (d)are LoRa modules and LoRa based raspberry pi used as terminals. 

 

4. Results and Discussions 

The results are simulated in MATLAB in which we were 

routing in between any 2 selected nodes with 5000 IoT 

devices. The hardware and software configuration of our 

experiment module setup are described in Table 1 & 2 

respectively.
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Table 1 Hardware requirements 

CPU intel core i7 7700K with speed 4.2Ghz 

RAM 2100 Mhz with size as 16GB 

Graphics 1080 Ti with size as 11 GB running at 1708 

Mhz 

Storage m.2 SSD with 240 GB 

 

Table 2 Software requirements 

Java JDK 17.0 

Compilers MATLAB Compiler, MinGw 

Compiler 

Software Package MATLAB 2022a (Evaluation 

Version) 

Simulator MATLAB based IoT Routing Sim. 

 

LoRa Nodes that we have used are depicted in figure 2. 

 

Fig 2 LoRa Nodes 
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Fig 2 Results of Energy Consumption, Network Life-time, Throughput and Distance when routing between randomly 

selected 2 devices in a cluster of 5000 devices. 
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Fig 4 Results of Energy Consumption, Network Life-time, Throughput and Distance when routing between randomly 

selected 2 devices in a cluster of 300 devices. 

The response time involved in scheduling of the job also 

determines the energy consumption of the IoT devices. 

The shorter the response time the less an IoT device would 

have to wait for the job execution. We see in figure 4, the 

response time of our IoT device routing algorithm has 

outperformed the famous heuristic and meta-heuristic 

algorithms. 

The result for the average response time in tabular as well 

as graphical format has been shown as Table 3 and figure 

4 respectively.

 

 

Table 3 Average response time of other algorithms as compared with IEAM. 

Node

s ACO GA 

K-

Mean

s PSO DE 

IEA

M 

10 

0.019

3 

0.019

4 0.0265 

0.021

5 

0.020

8 

0.014

7 

20 

0.050

7 

0.043

2 0.0585 0.054 

0.047

1 

0.034

9 

30 

0.059

0 

0.058

3 0.0805 

0.064

9 

0.062

5 

0.044

5 

40 

0.086

3 

0.078

9 0.1138 

0.088

6 

0.087

1 

0.070

5 

50 

0.110

5 

0.102

6 0.1479 

0.111

7 

0.113

8 

0.087

5 

60 

0.121

8 

0.117

9 0.1605 

0.145

5 

0.141

3 

0.101

7 

70 

0.144

7 

0.140

6 0.2015 

0.158

5 

0.163

2 

0.115

7 

80 

0.157

8 

0.170

5 0.2307 

0.185

6 

0.169

8 

0.132

9 

90 

0.186

3 0.18 0.2439 

0.204

3 

0.203

4 

0.144

9 
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100 0.212 

0.211

1 0.2726 

0.224

5 

0.217

5 

0.162

2 

 

 

Fig 4 Response time of IoT devices when used with Ant Colony Optimization (ACO), Genetic Algorithm (GA), Improved 

Environmental Adaptation Method (IEAM), K-Means, Particle Swarm Optimization (PSO) and Differential Evolution 

(DE). 

5. Conclusion and Future Work 

This study presents a method for scheduling and 

determining the shortest path between nodes and 

IoT devices that employs a metaheuristic approach. We 

employed LoRa as a communication protocol to further 

reduce power usage after finding an appropriate path in 

the node cluster. We could have also used other 

communication approach between the nodes such as 

satellite communication, Bluetooth, Wifi(2.4Ghz/5Ghz) 

and others, but the minimized consumption of energy that 

we get after scheduling it with IEAM will be shadowed by 

modes of communication other than LoRa. As 

metaheuristic approaches offers a mathematical proof of 

the propositions which are well established by the 

benchmark functions. The energy usage and throughput of 

the routing mechanism are both reduced by our proposed 

solution. When compared to other current metaheuristic 

approaches such as ACO, GA, K-Means, PSO, and DE, 

the average response time of the proposed method is 

0.09095, whereas those of ACO, GA, K-Means, PSO, and 

DE are 0.11484, 11225, 0.15364, 0.12591, and 0.12265, 

respectively. 

We can do more improvements in the proposed approach 

while combining the improved versions with other 

spectrum too. We will be extending our work within the 

domain of effect of environmental conditions on the 

energy consumption of the IoT devices and incorporate 

other factors which are responsible for energy 

consumption. 

References 

[1] Y. Hu, Y. Ding, K. Hao, L. Ren, H. Han, An immune 

orthogonal learning particleswarm optimisation 

algorithm for routing recovery of wireless 

sensornetworks with mobile sink, Int. J. Syst. Sci. 45 

(3) (2014) 337–350. 

[2] G.L. da Silva Fré, J. de Carvalho Silva, F.A. Reis, 

L.D.P. Mendes, Particle Swarmoptimization 

implementation for minimal transmission power 

providing afully-connected cluster for the internet of 

things, in International Workshopon 

Telecommunications (IWT), 2015, pp. 1–7. 

[3] L. Song, K.K. Chai, Y. Chen, J. Loo, S. Jimaa, J. 

Schormans, Qpso-based energyawareclustering 

scheme in the capillary networks for internet of 

thingssystems, in IEEE Wireless Communications 

and Networking Conference(WCNC), 2016, pp. 1–

6. 

[4] W.-T. Sung, C.-C. Hsu, Iot system environmental 

monitoring using IPSOweight factor estimation, 

Sens. Rev. 33 (3) (2013) 246–256. 

[5] T. Kumrai, K. Ota, M. Dong, J. Kishigami, D.K. 

Sung, Multi-objectiveoptimization in cloud 

brokering systems for connected internet of 

things,IEEE Int. Things J. 4 (2) (2017) 404–413. 

[6] A.V. Dhumane, R.S. Prasad, J.R. Prasad, An optimal 

routing algorithm forinternet of things enabling 

technologies, Int. J. Rough Sets Data Anal. 

(IJRSDA)4 (3) (2017) 1–16. 

[7] J. Martins, A. Mazayev, N. Correia, G. Schütz, A. 

Barradas, Gacn: self-clusteringgenetic algorithm for 

constrained networks, IEEE Commun. Lett. 21 (3) 

(2017)628–631. 

[8] Khan, J. Sahoo, S. Han, R. Glitho, N. Crespi, A 

genetic algorithm-basedsolution for efficient in-

network sensor data annotation in 

virtualizedwireless sensor networks, in 13th IEEE 

Annual Consumer Communications& Networking 

Conference (CCNC), 2016, pp. 321–322. 



 

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(2), 184–193 |  193 

 

[9] K. Deb, A. Pratap, S. Agarwal, T. Meyarivan, A fast 

and elitist multiobjectivegenetic algorithm: NSGA-

ii, IEEE Trans. Evol. Comput. 6 (2)(2002) 182–197. 

[10] Rodriguez, A. Ordóñez, H. Ordoñez, R. Segovia, 

Adapting NSGA-ii forhierarchical sensor networks 

in the IoT, Procedia Comput. Sci. 61 (2015) 355–

360. 

[11] Ferreira, J.C.; Afonso, J.A.; Monteiro, V.; Afonso, 

J.L. An Energy Management Platform for Public 

Buildings.Electronics 2018, 7, 294. 

[12] Mataloto, B.; Ferreira, J.C.; Cruz, N. LoBEMS—IoT 

for Building and Energy Management Systems. 

Electronics 2019, 8, 763. 

[13] S Vimal, M Khari, N Dey, RG Crespo, YH 

Robinson, “Enhanced resourceallocation in mobile 

edge computing using reinforcement learning 

basedMOACO algorithm for IIOT”, Computer 

Communications 151, pp. 355-364, 2020 

[14] M. Khari, et al., “Performance analysis of six meta-

heuristic algorithmsover automated test suite 

generation for path coverage-based 

optimization”,Soft Computing, In Press, 2019 

[15] S. Kumar, Z. Raza, “A K-Means Clustering Based 

Message ForwardingModel for Internet of Things 

(IoT)”, International Conference on 

CloudComputing, Data Science & Engineering 

(Confluence), IEEE, pp 604-609, 2018. 

[16] C. G. García, E. R. N. Valdez, V. G. Díaz, C. P. 

G.Bustelo, J. M. C. Lovelle,“A Review of Artificial 

Intelligence in the Internet of Things, 

InternationalJournal of Interactive Multimedia and 

Artificial Intelligence, Volume 5,Issue 4, pp 9-20, 

2019. 

[17] F. Liu, P. Shu, H. Jin, L. Ding, J. Yu, D. Niu and B. 

Li, “Gearing resource-poor mobile devices with 

powerful clouds: Architectures, challenges, and 

applications,” IEEE Wirel. Commun., vol. 20, no. 3, 

pp.14–22, Jun. 2013. 

[18] W. Shi, J. Cao, Q. Zhang, Y. Li, and L. Xu, “Edge 

computing: Vision and challenges,” IEEE Internet 

Things J., vol. 3, no. 5, pp. 637–646, Oct. 2016. 

[19] W. Yu, F. Liang, X. He, Hatcher, W. G., C. Lu, J. 

Lin, and X. Yang. “A survey on the edge computing 

for the internet of things,” IEEE Access, vol. 6, no. 

99, pp. 6900-6919, Mar. 2018. 

[20] R. Wan, N. Xiong and N. T. Loc, “An energy-

efficient sleep scheduling mechanism with similarity 

measure for wireless sensor networks,” Hum. Cent. 

Comput. Inf. Sci., vol. 8, no. 1, pp. 18, Jun. 2018. 

[21] E. Ahmed and M. H. Rehmani, “Mobile Edge 

Computing: Opportunities, solutions, and 

challenges”, Future Gener. Comp. Sy., vol. 70, no. 

2017, pp. 59-63, Sep. 2016. 

[22] V. Bhanumathi and C. P. Sangeetha, “A guide for 

the selection of routing protocols in WBAN for 

healthcare applications.” Hum. Cent. Comput. Inf. 

Sci., vol. 7, no. 24, Aug. 2017. 

[23] B. Kim, “A Distributed Coexistence Mitigation 

Scheme for IoT-Based Smart Medical Systems.” J. 

Inf. Process Syst., vol. 13, no. 6, pp. 1602-1612, Dec. 

2017. 

[24] C. Kerang, H. Lee and H. Jung, “Task Management 

System According to Changes in the Situation Based 

on IoT.” J. Inf. Process Syst. vol. 13, no. 6, pp. 1459-

1466, Dec. 2017. 

[25] S. Bu and F. R. Yu. “Green cognitive mobile 

networks with small cells for multimedia 

communications in the smart grid environment.” 

IEEE Trans. Veh. Technol., vol. 63, no. 5, pp. 2115-

2126, Jun. 2014. 

[26] Singh, Priyanka, Pragya Dwivedi, and Vibhor Kant. 

"A hybrid method based on neural network and 

improved environmental adaptation method using 

Controlled Gaussian Mutation with real parameter 

for short-term load forecasting." Energy 174 (2019): 

460-477.

 

 


