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Abstract—Microgrids are small-scale electric power systems
that emerge as an alternative to solve the current problems of
conventional networks and transportation. The main objectives
that they pursue are the reliability, diversification of energy
resources, reduction of carbon emissions, reduction of costs and
the introduction of intelligent control techniques, which increase
dependence on communication networks. Some research related
to communications in electrical networks and transportation has
been developed, but few are related to the appropriate communi-
cation system, according to the intelligent control algorithm. This
paper proposes the best architecture for intelligent microgrid
applications based on latency, QoS, bandwidth and capital cost,
to improve control and operation. In addition, the fundamentals
of communications and control strategies for intelligent micro-
grids and electric vehicles are described. The results show that
communication technology affects the performance of control
applications and the smartness of the grid, which causes poor
quality of service.

Keywords—Microgrid; Communications; Intelligent Systems;
QoS, capital cost

I. INTRODUCTION

With advances in information technology and communi-
cations, most industrial sectors have been revolutionized. In
contrast, power grids still operate under the same principles
of the last century. The energy demands in our societies
require a more reliable, secure and cost-effective network [1].
As presented in [2], only in the United States in 2010 the
electric power and transport sector accounted for 68% of total
energy consumption. Also, the carbon dioxide emissions by
the transportation and electric power sector were 1881 and
2271 million metric tons, respectively [3]. Microgrids (MG)
are small active distribution systems formed by distributed
energy resources (DERs), storage and loads. Its most attractive
properties are the ability to operate off-grid in case of failures
and the possibility to feed the excess of energy generated by
the consumers to reduce their costs. On the other hand, MG
is characterized by a high penetration of renewable energies
and intelligent applications, increasing the complexity of the
system. A typical structure of MG is showed in Fig. 1, where
the microgrid central controller (MGCC) is a main controllable
unit within the system. Also, a microgrid controller (MC)
is responsable for frequency and voltage regulation and load
controllers (LC) could be either microgrid source controllers
or load controllers. Recent research on intelligent systems to

increase the efficiency of the electrical network has grown
due to the high information volume and the need to opti-
mize the generation of electricity. For this reason, a flexible
communication infrastructure is necessary to support a high
number of intelligent devices. Based on the concept of micro-
grids which integrates distributed generation, several technical
problems can be resolved in a decentralized way, reducing
the extremely complex tasks in the central controller. [4]. Due
to MGs characteristics of increased penetration of renewable
sources, self-sustainability, fault tolerance, reliability, security
and scalability; intelligent control algorithms are required to be
fully integrated with standard power management mechanisms.
These algorithms [5]–[7] should be capable of processing
information intelligently and making real-time automated de-
cisions. An alternative to introduce more intelligence in the
power grid is to add smart systems combined with control
techniques, distribution network and communications, during
normal or outage operation. The algorithms applied to mi-
crogrids optimization present different critical requirements
such as latency, the volume of data, or computational cost.
Currently, almost all communication systems and protocols
in microgrids have been developed for computer networks,
telephony, or commercial devices on Internet (e.g., TCP/IP,
HTTP, SMTP). As a guarantee to the proper functioning
of the control systems, it is necessary to have an efficient
communication architecture that allows good performance of
the intelligent applications.

Fig. 1: Typical microgrid structure in medium voltage (MV)
and low voltage (LV) [6] .
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Some of these communication systems are already installed
without the possibility to make modifications, due to econom-
ical aspects or by the field conditions. For this reason, it is
necessary to adjust the proposed architecture before applying
an artificial intelligence technique, to ensure the development
of the algorithm and considering all requirements. The de-
cision to choose an intelligent system, to solve a certain
optimization problem, varies according to multiple elements.
Some of this are network topology, the type of data or the
volume of information, computational and time requirements
and the minimum error rate allowed. In this research work, we
survey the main intelligent systems (IS) applied to microgrid
control and the possible communication technologies asso-
ciated. In addition, we propose the suitable communication
technology to apply different machine learning algorithms for
MG infrastructures, to improve control operation at maximum
energy efficiency, less latency, bandwidth, and capital cost. It
also outlines the fundamentals of communications and control
strategies for deploying intelligent microgrids, communica-
tions for IS challenges and future research directions.

II. BASIC CONCEPTS ABOUT CONTROL AND INTELLIGENT

SYSTEMS ON MICROGRIDS

The control and coordination of each element of the DERs
must be supervised periodically. Some of the most important
challenges in microgrid control and protection are: bidirec-
tional power flows, stability issues, modeling, low inertia, un-
certainty, output control, power balance and economic dispatch
[4]. The most common alternative to perform control in the
MG is to use a centralized architecture, where in a central
node all decisions are made and control techniques are applied.
This proposal has the drawback that a failure in this node may
interrupt the service. Hence, new techniques are being studied
to develop decentralized architectures, which increases the
communication systems complexity and their communication
requirements. The centralized scenario is characterized by
sending and receiving control commands from the central
node. In addition, the initial phase has lower implementation
costs, although the communication must increase the coverage
area. On the other hand, communications delays are higher
and there is less network reliability. This type of control is
acceptable when the microgrid is small, or when the costumers
have similar goals. The distributed alternative consists of
clustering the centralized scenario into smaller communication
zones according to distributed generators, storage devices and
controllable loads. Each of these zones has its own control
center, which is supervised by the highest central controller
(MGCC). From simulations, in [8] authors show that the costs
of implementing a centralized and a decentralized infrastruc-
ture are similar. In this study, they conclude that decentralized
control improves latency and reliability. For this reason, de-
centralized control is generally used in large microgrids with
a high number of devices, for real-time monitoring or when
we need adjust different parameters. One element that allows
the development of decentralized control systems has been the
use of intelligent applications.

A. Intelligent systems applied to microgrid

The fundamental objective of power generation is to opti-
mize the cost, distribution and demand, as well as to maximize
the benefits. This section addresses different optimization
approaches to minimize losses, reduce costs and guarantee
availability or reliability. The most important IS techniques
for optimization applied to microgrids can be grouped as
population-based-metaheuristic, fuzzy systems, artificial neu-
ral networks, multiagent systems, game theory and hybrid sys-
tems. To minimize energy costs, some researchers have been
using convex optimization, stochastic optimization and particle
swarm optimization (PSO) [9]. Also, linear programming (LP)
was used to minimize energy costs in [10], and a multi-
objective optimization model for annual cost was presented
in [5]. Investigations within population-based-metaheuristics
as PSO [11], or artificial bee colony (ABC) [12] show the
possibility to solve the optimal power flow with photo-voltaic
(PV) panels, wind turbines and diesel generators. Game theory
is one of the most common methods to solve energy manage-
ment problems. The backward induction method [13] is used
to solve a three-stage non-cooperative game problem. Also,
in [13] a hierarchical game was established according to the
interaction between the energy provider and the consumers.
The literature shows that communication systems in the MG
present some drawbacks that could not been solved. The ten-
dency to use distributed control techniques and the integration
of several DERs, produces new challenges in the field of
communications [14]. Networks designed to connect these
scenarios must be able to provide services when network traffic
is high. To add more intelligence to the grid, the architecture
must be robust and fail-proof, with the possibility of making
decisions without the human intervention.

B. Intelligent systems for transportation in MG

The transportation systems that we know, were developed
for many years ago. In these systems, each vehicle works
independently, making global usage difficult. Currently, these
systems are increasing and named intelligent transportation
systems (ITS), which includes several types of communication,
allowing global routes, interurban railway networks, maxi-
mizes the utilization of the vehicles and reduce the costs. An
alternative to solve some of the problems of electrical networks
and transportation may be the integration of microgrids and
electric vehicles (EV). In this way, the term vehicle to grid
(V2G) emerges, which takes advantage of the energy storage
systems of EV to provide energy to the power grid.

The effectiveness of an electric vehicle lies in its control
strategy. For this reason, numerous techniques have been
developed from intelligent algorithms to perform the control of
the elements that form EV. For example, fuzzy logic has been
used to control the non-linear behavior of power trains [15] and
to determine the torque split between the internal combustion
engine and the electric motor [16]. Also, fuzzy logic was pre-
sented in [17], as a control speed in EV, to improve the stability
under different road constraints condition. To predict the next
state in this research, fuzzy logic is combined with the GPS



communications system and a new control logic is presented
from these elements. Another optimization algorithm with spe-
cific requirements from the point of view of communications
is presented in [18]. In this research, PSO is used to regulate
the frequency, manage the battery charge and help users to
define their routes through a framework. The communications
in this system are made through dedicated protocols in the
network infrastructure that is defined or through the internet.
An overview of different communication methods applicable
to EV is presented in [19]. Technologies such as Power Line
Carriers (PLC), IEEE 802.15.4 (Zigbee), ZWave, and cellular
networks were summarized. In addition, the authors conclude
that broadband over power line (BPL), Zigbee, ZWave, and
cellular networks, have sufficient throughput to relay IP data
between EVs and the utility network. In contrast, when the
control uses algorithms that are affected by latency, some of
these alternatives are not sufficient and another communication
technique is required.

III. CRITICAL COMMUNICATIONS ISSUES FOR

INTELLIGENT APPLICATIONS

As a result of new control techniques and a high number of
connected devices, microgrids must be sufficiently flexible to
add or remove elements from the network, without affecting
the performance. Research [20], [21] suggest that the availabil-
ity of smart applications is around 99%, while for microgrids
it should be 99.99%. Table I shows the critical aspects and
traffic characteristic for communication requirements in MG
scenarios. The real-time measurement function (RTMP) is
necessary to control the parameters of the microgrid. It is
essential to address issues related to the bandwidth, latency or
error rate, on each RTMP [22]. According to system response,
each RTMP function has its own parameters. For example,
Table II shows the most important critical communication
requirements presented by the international electrotechnical
commission (IEC 61850) and the IEEE 1646 standard. These
standards determine the most critical requirements of commu-
nication systems in power networks. All parameters in Table
II must be analyzed carefully because they can affect the
performance of the network and in the worst case suspend the
service. Low bandwidth in applications with high data rates,
could lead to bottlenecks, packet loss or distortion. Also, the
delay can leave the actuator devices connected during failures,
compromising the entire system. Several scientific groups are
promoting research related to microgrids, their control and
the use of intelligent applications in electrical systems. In
contrast, communications based on intelligent applications still
present challenges that need to be addressed, like: i) increase
the performance of the network based on parameters such as
QoS (quality of service), bandwidth or latency, ii) guarantee
reliability of the system formed by different DERs and DG,
iii) and cyber security problems. When the communication
network begins to discard packets, the transmission error
increases, the buffers start to run without memory and the
network becomes unstable. A possible solution to the problem
of congestion and packet loss is QoS.

TABLE I: Communication requirements for a MG [21]. AMR
(Automatic Meter Reading), AMI (Advanced Metering Infras-
tructure), DR (Demand Response), and Electric Vehicle (EV).

Application Traffic characteristics Critical aspects

AMR/AMI/DR

Delay tolerant
Mostly periodic/event based
Small burst size
Multicast/broadcast

Large number of devices
High overheads
High random access loads
Uplink biased

DER/MG/EV
Delay sensitive
Semi-periodic/event based
Multicast/broadcast

Real-time communication
High reliability
Mobility (EV roaming)

Substation
automation

Extremely delay sensitive
No retransmission
Event based
Reliable multicast

Mission critical
End-to-end delay bound
High reliability

Wide area
monitoring

Delay sensitive
Periodic
Limited retransmission

Continuous transmission
Dedicated bandwidth
High reliability

Distribution
supervision

Delay sensitive/tolerant
Periodic/event based/
random
Low power consumption

Large number of devices
Clustered sensor networks
Data aggregation

TABLE II: MG critical requirements defined by IEC 61850
and IEEE 1646 standards.

Application Bandwidth Latency

Demand response (DR)
DERs and storage
DMS
AMI
Transmission line monitoring
Substation automation
Home communication
Fault location & restortation
Outage management
Emergency response
SCADA
Vehicle to grid (V2G)

14-100 Kbps
9.6-56 Kbps
9.6-100 Kbps
10-100 Kbps/node
9.6-56 Kbps
9.6-56 Kbps
9.6-56 Kbps
9.6-100 Kbps
56 Kbps
40-250 Kbps
56-100 Kbps
9.6-56 Kbps

500 ms-minutes
20 ms-15 s
100 ms-2 s
2000 ms
15-200 ms
15-200 ms
2-15 s
1-10 ms
2000 ms
500 ms
2-5 s
2 s-5 min

It allows a differentiated service according to the most
critical applications, focused on a better use of bandwidth and
latency.

A. QoS

Quality of service refers to the ability to provide differ-
entiated treatment to packages of certain critical applications
within the microgrid. In this environment, quality of service is
used for distributed control and protection in applications that
need to deliver information in the shortest time as possible.
The analysis of the quality of service in the microgrids is
generally based on the latency and packet loss. Some authors
investigated the effect of quality of service in the distribution
networks [23] and have been able to determine that WiMAX
technology is the most convenient in terms of capacity of
smart meters and QoS. To take advantage of the benefits of
distributed control, several MG projects have connected some
of their elements to the Internet [24]. However, the Internet
is based on the best effort service, which gives the same
preference for a control package and a measurement package,



so QoS can not be guaranteed. The best communication
protocol, associated technology and intelligent system depend
on the balance between transmission rates versus reliability
[25]. In the same way, security techniques must be increased
to avoid intrusions or denial of service attacks.

IV. COMMUNICATION TECHNOLOGIES FOR IS

As a result of this paper, we find some important elements
to take into account when we are developing efficient com-
munication technology according to the requirements of IS.
Some of them are described below and are based on [26].
Finally, we propose the appropriate technologies according to
the optimization technique. Within the structure of a micro-
grid there are several elements that require communication
technologies to provide the minimum QoS. Data aggregator
unit (DAU) requires 3G, WiMAX or fiber optic interface
towards the utility, and radio frequency mesh (RF), power line
communication (PLC) or broadband PLC (BPLC) facing the
last mile network [27]. Based on these possibilities and data
rate requirements, it is decided to propose for connections
between DAU and utility network, a technology with high
bandwidth such as fiber-optics or WiMAX. Intelligent systems
optimize MG applications through communication technolo-
gies, which provides the minimum requirements for the proper
development of the intelligent algorithm. Fig. 2 shows this
process in which the communication must be bidirectional, to
guarantee greater reliability, lower latency and better results
with the intelligent system. Applications within the advanced
measurement infrastructure (AMI) require transmission speeds
of 2-5 Mbits/second. Technologies such as fiber-optical, satel-
lite or WiMAX can satisfy these needs, and provide the
necessary security and support for new technologies. The
communication standards IEEE 802.15.4 (ZigBee) and IEEE
802.11 (WiFi) are widely used to connect application servers
with smart meters in homes, industries or smart buildings
[28]. An analysis of packet loss and latency from LTE tech-
nology is developed in [29], while authors in [30] propose
a new communication protocol for distributed applications
(smart energy profile 2.0). The study of Internet protocols
for the exchange information between external entities and
service providers is proposed in [31]. For real-time pricing
data, technologies such as IEEE 802.11 (WiFi) and 802.15.4
(Zigbee) can be deployed, while the power line communication
PLC is mostly used in automated meter reading systems and
islanding prevention. When passing the microgrid to work in
islanded mode, it is expected that critical parameters such
as latency, packet loss or data rate will be affected by the
increase of control and configuration messages from intelligent
applications. The technologies proposed according to these
parameters are WiMAX or optical fiber. Control of DERs,
fault isolation and overcurrent protection are some of the most
critical tasks within communication systems in microgrids.
These elements require very low latency, extremely high data
rate and availability close to 100 %. For this reason, the most
effective solution is to use optical fiber.

Fig. 2: Relationship between intelligent systems, applications
and communication requirements.

According to the european telecommunications standards
institute, synchronized phasor measurement units (PMUs) are
connected through broadband (like optical fiber) for high
voltage network [32]. On the other hand, in [33] a study of
the best alternatives to communicate PMU and the phasor data
collector (PDC) is carried out. This analysis determined that
the best alternative was to use WiMAX technology. Communi-
cation between intelligent applications in the synchrophasors,
technologies such as optical fiber, Ethernet, microwave and
BPLC have been applied. The preferred technology is optical
fiber due to its bandwidth, low electromagnetic interference
and high data rates [34], [35]. In contrast, intelligent electronic
devices IEDs operate in a local area network (LAN) envi-
ronment and require dedicated connections such as Ethernet,
WiFi, Zigbee or copper wire [36]. Due to the increase of
the number of intelligent applications connected to the NAN-
WAN segment, utilities are expected to achieve data rates
above 500 Kbps [27], with low latency. With this constraint,
most commonly used alternatives are WiMAX, microwave,
and optical fiber. On the other hand, intelligent applications
are also developed in the HAN environment, being the most
common Ethernet, WiFi and ZigBee technologies. Important
challenges when determining the type of technology results
the compatibility with previous devices, the heterogeneity
of manufacturers, transmission errors and the reduction of
installation costs. Below are some of the future directions of
this research.

V. CHALLENGE AND FUTURE RESEARCH WORK

This section describes the future work of this research and
the main challenges of communication technologies focused
on control in intelligent applications.

∙ Intelligent applications in MG have critical requirements
that need to be managed according to certain preferences
such as those handled by the QoS concept. A differentia-
tion according to the type of intelligent traffic, will allow
best network performance.

∙ Develop a new transport protocol that allows to reduce
the ETE delay between the connected devices.

∙ Prevent the attack on the system, detect intruders and
protect the critical elements of the electrical network and
the communication system.



TABLE III: Proposal of communication technologies for IS

CI Approach Microgrid Application Optimality Technology proposed Technology to avoid

Artificial Neural
Networks (ANN)

Load/Generation Forecasting
Fault Detection and Control

Optimal
HAN: DSL, WiFi, GSM
WAN: Fiber optic, WiMAX

PLC, ZigBee
or Satelite

Fuzzy
Systems (FS)

Energy Management
Energy Storage

High
HAN: DSL, WiFi, GSM
WAN: Fiber optic, WiMAX

PLC or ZigBee

Population-based
Metaheuristics

Planning
Optimal Power Flow
Economic Dispatch
Energy Management

Optimal
HAN: WiFi
WAN: Fiber optic, WiMAX

PLC, DSL, ZigBee
or Satelite

Multi-Agent
Systems

Energy Management
Energy Storage
Control

High
HAN: DSL, WiFi, GSM
WAN: Fiber optic, WiMAX

PLC, ZigBee
or Satelite

Evolutionary
Algorithm (EA))

Energy Management
Control

Average
HAN: DSL, Ethernet, WiFi, GSM
WAN: Fiber optic, WiMAX

PLC, ZigBee
or Satelite

Swarm Intelligence
Algorithm (SWA) Fault Detection Average

HAN: WiFi
WAN: Fiber optic, WiMAX

ZigBee
or Satelite

Artificial Immune
System (AIS) Control

Near
optimal

HAN: DSL, PLC, Ethernet, WiFi, GSM
WAN: Fiber optic, WiMAX

ZigBee
or Satelite

Reinforcement
Learning (RL)

Energy Management
Control

Medium Practically any technology Satelite

Game Theory Energy Management High
HAN: DSL, WiFi, GSM
WAN: Fiber optic, WiMAX

PLC, ZigBee
or Satelite

Hybrid Intelligent
Systems

Optimal Power Flow
Energy Management
Planning Control

Optimal
HAN: WiFi
WAN: Fiber optic, WiMAX

PLC, ZigBee
or Satelite

∙ The growing use of intelligent applications, the increase
in the number of renewable energy sources and the
integration of DERs, require optimization algorithms and
parallel processing. The compatibility and exchange of
information, reducing the processing and delay are im-
portant challenges for the implementation of a dynamic
MG.

∙ Improving technologies such as QoS for critical parame-
ters is another element to consider.

∙ Simulate and compare the performance of each technol-
ogy in the HAN, NAN and WAN scenarios, in order
to evaluate the results of this paper with those of the
simulation.

Apparently, according to literature the best candidate to en-
sure a robust, flexible, secure and economical communication,
come from wireless technologies such as WiMAX or WiFi.
The fundamental disadvantages are the reach of the devices
and availability, so to increase these elements within the micro-
grid, another alternative can be implemented like LTE. On the
other hand, optical fiber is an alternative to higher deployment
costs and poor adaptability to environmental conditions, but
its robustness, low interference, and bandwidth, providing an
advantage over its competitors.

VI. CONCLUSION

This paper identifies the main restrictions presented by
communication systems on the intelligent microgrid scenario.
It was found that there are more critical requirements such as
latency, transmission error or delay, which must be considered

compared to a communication system of a computer network.
Intelligent applications in NAN require high reliability and a
low delay between devices. The same applications in WAN
environments need very high reliability and security, as well
as extremely low latencies. Even though there are publications
that discuss the use of intelligent systems in microgrids,
there are few papers that provide a delay sensitive and a
reliable framework for the control of the grid as well as fewer
papers that discuss QoS provisioning techniques to address
and monitoring delay critical intelligent applications. The most
effective technologies for IS are WiFi in the case of HAN
communication due to its low cost, high flexibility and suf-
ficient transmission speeds to avoid bottlenecks in intelligent
applications. In the case of WAN, the most efficient technology
will be optical fiber and WiMAX due to the large bandwidth,
high immunity to noise and the possibility of modifying its
QoS. The use of the TCP/IP allows interoperability between
the different devices in the network. On the other hand, the
design of the network based on intelligent applications must
avoid technologies such as ZigBee, PLC, or satellite, due
to the high latencies or the interference, which makes them
unfeasible for IS. However, it is still necessary to investigate in
future dynamic microgrid, where intelligent applications will
be able to interact and adjust according to DERs, failure or
control mechanisms without human intervention.

VII. ACKNOWLEDGMENT

This work was supported by the Projects CONI-
CYT/FONDECYT/1160690, 1160806 and 14-INV-101.



REFERENCES

[1] J. Gao, Y. Xiao, J. Liu, W. Liang, and C. P. Chen, “A survey of communi-
cation/networking in smart grids,” Future Generation Computer Systems,
vol. 28, no. 2, pp. 391–404, 2012.

[2] X. E. Yu, Y. Xue, S. Sirouspour, and A. Emadi, “Microgrid and
transportation electrification: A review,” in Transportation Electrification
Conference and Expo (ITEC), 2012 IEEE. IEEE, 2012, pp. 1–6.

[3] U. EIA, “Primary energy consumption by source and sector, 2012,”
2015.

[4] D. E. Olivares, A. Mehrizi-Sani, A. H. Etemadi, C. A. Ca??izares,
R. Iravani, M. Kazerani, A. H. Hajimiragha, O. Gomis-Bellmunt,
M. Saeedifard, R. Palma-Behnke, G. A. Jim??nez-Est??vez, and N. D.
Hatziargyriou, “Trends in microgrid control,” IEEE Transactions on
Smart Grid, vol. 5, no. 4, pp. 1905–1919, 2014.

[5] H. Bilil, G. Aniba, and M. Maaroufi, “Multiobjective Optimization
of Renewable Energy Penetration Rate in Power Systems,” Energy
Procedia, vol. 50, pp. 368–375, jan 2014. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S1876610214007802

[6] M. W. Khan and J. Wang, “The research on multi-agent system
for microgrid control and optimization,” Renewable and Sustainable
Energy Reviews, vol. 80, no. May, pp. 1399–1411, 2017. [Online].
Available: http://dx.doi.org/10.1016/j.rser.2017.05.279

[7] D. C. Huynh and L. D. Ho, “Optimal Generation Rescheduling of
Power Systems with Renewable Energy Sources Using a Dynamic
PSO Algorithm,” International Advanced Research Journal in Science,
Engineering and Technology, vol. 3, no. 1, 2016. [Online]. Available:
http://www.iarjset.com/upload/2016/january-16/IARJSET15.pdf

[8] S. A. Arefifar, Y. A.-R. I. Mohamed, and T. El-Fouly, “Optimized
multiple microgrid-based clustering of active distribution systems con-
sidering communication and control requirements,” IEEE Transactions
on Industrial Electronics, vol. 62, no. 2, pp. 711–723, 2015.

[9] Z. Wang and L. Wang, “Intelligent negotiation agent with learning
capability for energy trading between building and utility grid,” in IEEE
PES Innovative Smart Grid Technologies, May 2012, pp. 1–6.

[10] F. D. Angelis, M. Boaro, D. Fuselli, S. Squartini, F. Piazza, and
Q. Wei, “Optimal home energy management under dynamic electrical
and thermal constraints,” IEEE Transactions on Industrial Informatics,
vol. 9, no. 3, pp. 1518–1527, Aug 2013.

[11] H. Borhanazad, S. Mekhilef, V. Gounder Ganapathy, M. Modiri-
Delshad, and A. Mirtaheri, “Optimization of micro-grid system
using MOPSO,” Renewable Energy, vol. 71, pp. 295–306, nov
2014. [Online]. Available: http://www.sciencedirect.com/science/article/
pii/S0960148114002572

[12] M. A. Medina, S. Das, C. A. Coello Coello, and J. M. Ramı́rez,
“Decomposition-based modern metaheuristic algorithms for multi-
objective optimal power flow A comparative study,” Engineering
Applications of Artificial Intelligence, vol. 32, pp. 10–20, jun
2014. [Online]. Available: http://www.sciencedirect.com/science/article/
pii/S0952197614000232

[13] Z. Zhou, F. Xiong, B. Huang, C. Xu, R. Jiao, B. Liao, Z. Yin,
and J. Li, “Game-Theoretical Energy Management for Energy
Internet with Big Data-Based Renewable Power Forecasting,” IEEE
Access, vol. 5, pp. 5731–5746, 2017. [Online]. Available: http:
//ieeexplore.ieee.org/document/7839912/

[14] F. M. Portelinha Jnior, A. Carlos Zambroni de Souza, M. Castilla,
D. Queiroz Oliveira, and P. F. Ribeiro, “Control strategies for
improving energy efficiency and reliability in autonomous microgrids
with communication constraints,” Energies, vol. 10, 2017. [Online].
Available: http://www.mdpi.com/1996-1073/10/9/1443

[15] B. M. Baumann, G. Washington, B. C. Glenn, and G. Rizzoni, “Mecha-
tronic design and control of hybrid electric vehicles,” IEEE/ASME
Transactions On Mechatronics, vol. 5, no. 1, pp. 58–72, 2000.

[16] A. Rajagopalan and G. Washington, “Intelligent control of hybrid
electric vehicles using gps information,” SAE Technical Paper, Tech.
Rep., 2002.

[17] B. Gasbaoui and A. Nasri, “The uses of artificial intelligence for
electric vehicle control applications,” in Technology and Engineering
Applications of Simulink. InTech, 2012.

[18] M. Sandoval and S. Grijalva, “Electric vehicle-intelligent energy man-
agement system (ev-iems) for frequency regulation application,” in
Transportation Electrification Conference and Expo (ITEC), 2012 IEEE.
IEEE, 2012, pp. 1–6.

[19] T. Markel, M. Kuss, and P. Denholm, “Communication and control of
electric drive vehicles supporting renewables,” in Vehicle Power and
Propulsion Conference, 2009. VPPC’09. IEEE. IEEE, 2009, pp. 27–
34.

[20] Z. M. Fadlullah, M. M. Fouda, N. Kato, A. Takeuchi, N. Iwasaki, and
Y. Nozaki, “Toward intelligent machine-to-machine communications
in smart grid,” IEEE Communications Magazine, vol. 49, no. 4,
pp. 60–65, apr 2011. [Online]. Available: http://ieeexplore.ieee.org/
document/5741147/

[21] R. H. Khan and J. Y. Khan, “A comprehensive review of the application
characteristics and traffic requirements of a smart grid communications
network,” Computer Networks, vol. 57, no. 3, pp. 825–845, feb
2013. [Online]. Available: http://www.sciencedirect.com/science/article/
pii/S1389128612003751
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E. Figueres, “Current challenges and future trends in the field
of communication architectures for microgrids,” pp. 3610–3622,
feb 2017. [Online]. Available: https://www.sciencedirect.com/science/
article/pii/S1364032117314703

[25] M. Ali, M. Zakariya, M. Asif, and A. Ullah, “TCP/IP Based
Intelligent Load Management System in Micro-Grids Network Using
MATLAB/Simulink,” Energy and Power Engineering, vol. 04, no. 04,
pp. 283–289, jun 2012. [Online]. Available: http://www.scirp.org/
journal/doi.aspx?DOI=10.4236/epe.2012.44038
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