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Abstract   –  The development of distributed energy resources in distribution networks has created a new concept called 

microgrids. Their control is one of the main development issues that must be addressed before any implementation process. In this 

paper, a comprehensive literature review of the main hierarchical control algorithms such as centralized, decentralized, and 

distributed, with a focus on the secondary level, with an emphasis on their main strengths and weaknesses are discussed and 

compared. In these structures, communication infrastructures have been studied and compared. Microgrid communication 

infrastructures allow the use of different control schemes for the secondary control layer. which is given the importance of 

secondary control over the stable and reliable performance of microgrids, and the lack of comprehensive reference for researchers. 

Also, provides a literature review on current key issues regarding microgrid secondary control strategies with respect to 

communication network challenges. The issue of secondary control is discussed with a focus on challenges such as time delays. 

Also Distributed control methods at the secondary level to reduce the use of the communication network and subsequently reduce 

communication network delays are discussed. 

Keywords: Microgrid, Secondary control, Centralized control, Decentralized control, Distributed control. 
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I. Introduction 

Over the past few decades, island power grids have been a viable solution for the supply of energy 

based on distributed generators (DGs).  The development and improvement of control systems has changed 

the way these networks are understood and designed. This change has led to the introduction of a new 

concept called microgrids (MG) [1],[2]. The development of MG has a few challenges, which should be 

evaluated individual; The challenges include operation, control, security, and stability.  

MGs can operate in islanded and connected modes [3],[4],[5]; In these operating modes, there are 

challenges, such as frequency maintenance, voltage stability, and accurate power sharing [6],[7]; So, a 

proper control structure is necessary for a reliable MG performance. In addition, choosing the appropriate 

communication network to increase system reliability and security to improve bandwidth, time delay and 

packet losses is an important challenge. The exchange of information in microgrids and different levels of 

control requires a communication network; Which is organized by a hierarchical control structure. The 

hierarchical structure has three levels of control; At the first level, the controller is responsible for 

maintaining voltage and frequency stability, which affects the stability of the MG due to the fast processes 

of the controller. The virtual impedance loop is optionally used to enhance the power quality and accuracy 

power-sharing of first level [8]. At the primary level, controllers are implemented using local 

measurements, so they will not require a complex communication network [9], [10], [11]. Due to the time 

required for information exchanges to distribute equal power in MG units, an unrelated approach is usually 

adopted for initial control [12],[13],[14],[15]. 

Secondary level control methods are studied in proportion to the dependence on communication 

networks in three structures: centralized, decentralized and distributed [16]. Since communication resources 

in the microgrid are limited, reducing dependence on the communication network is desirable. Therefore, 

this has led to more attention to distributed and decentralized structures due to reduced dependence on the 

communication network than the centralized structure that requires a complex communication network [17, 

[18], [19]. Microgrid dependence on communication networks has disadvantages such as communication 
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disturbances. For this reason, novel control structures have been introduced in a way that the control 

objectives can always be guaranteed even with the communication disturbances [20],[21]. Recent studies 

have discussed the development of a novel secondary control to restore voltage and frequency and accurate 

power sharing based on event-triggered state [22],[23],[24]. Due to the high cost of communication 

networks, many studies have been conducted to reduce controller dependency from the secondary level to 

the communication infrastructure [25].  

The purpose of this study is to provide an overview of the existing secondary control structure and 

to highlight opportunities for future studies in this field. In this regard, some articles have provided reviews 

on MGs [26], [27] some of which focus on MG control [28], [29], [30] and some on secondary control 

structure [16]. Given the significant research conducted on the communication network of microgrid, this 

paper focuses on the secondary control and the structures used at the secondary level by examining the 

reducing dependence on the communication infrastructure and looking at different approaches based on the 

distributed control.  

The rest of this survey begins with the definition of the concept and comparison of the MG 

structures and the secondary control approaches are classified and compared, and the importance of this 

structure will be highlighted by examining the approaches based on the distributed structure in section II. 

In section III, the communication network used in the microgrid is categorized. Finally, Section IV will 

present the conclusion. 

II. Secondary Control in Microgrid 

In microgrid control, if a droop structure is used at the primary level, The steady state error will not 

be zero; Therefore, restoration for voltage and frequency deviations and further flexibility of the secondary 

level structure system has been proposed [31],[32]. Secondary level has tasks such as, responsible for 

providing reliability and reducing frequency and voltage deviations to determine the primary control 

operating points and economic performance of the MG [33]. The secondary controller sets the point of 

common coupling voltage, and the power exchange between MG and main grid. The operating points of 
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secondary control are determined on the basis of optimization criteria for loss reduction, power quality and 

result in increasing economic benefits [33], [34], [35].  

The secondary control can be performed in three ways: centralized [36], [37], distributed and 

decentralized structure [38], [39], [40], [41]. Categories of secondary controller are shown in Table 1. This 

classification shows the types of secondary control methods that have been presented in various papers. It 

helps to understand more and get a glimpse of this level of the controller. 

Table 1: Categories of secondary control types. 

Secondary control of MG 

Centralized Load estimation [42] 

Decentralized 

State of charge [43] 

Life optimization of energy storage units [44] 

Potential function [10] 

Adaptive PI with neural network [45] 

Distributed 

Distributed averaging [46] 

Consensus Algorithm [47],[48],[49] 

Networked control [50],[51] 

Distributed averaging Proportional –

integral 
[52] 

Feedback linearization [53] 

Multi agent system [54],[55] 

 2.1. Centralized structure in microgrid  

At the centralized methods, it is assumed that the loads are localized in a shared bus and the 

secondary control adjusts the voltage of the shared bus by a reference value [56] [57]. Since the centralized 

method requires an extensive communication system, it could be used to monitor and control different 

aspects of the MG. This approach allows the DG to be easily imported to the MG without affecting the 

control program. However, it is strongly dependent on the MGCC and it could be considered as a strong 

limitation [22]. Since all control calculations are performed at the MGCC, the failure could be affected on 

the entire MG, therefore, a backup system is required to improve reliability [22]. Conventional secondary 

control methods use a centralized structure consisting of a droop control, unit of computation, and a central 
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control. These requirements reduce the reliability and flexibility of the MG and increase its susceptibility 

to disturbance, so that failure of a unit will cause a big problem in the MG. For this reason, some distributed 

methods are presented  [56],[58],[59]. 

System stability is affected by delays in communication links in MG control. The existence of time 

delay in communication network can cause instability in microgrid [60]. This shows the importance of 

having a suitable control structure to eliminate the effect of time delay on microgrid performance. The Multi 

agent system (MAS) based distributed control has provided a promising method to eliminate the time delay 

effect [61]. 

Fig.1, shows the centralized control structure. Some of the control mechanisms used for centralized control 

are listed in Table 2; Also Table 3 summarizes the advantages and disadvantages of centralized structures.  

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic diagram of centralized control scheme. 

 

 

Table 2: Control method used for centralized control 

Control 

method 
Control approach Application 

Performance in the presence of 

communication delays 

Relevant 

reference 

Model 

predictive 

control(MPC) 

-It is based on future 

behavior of the system and 

predictions. 

-It provides a feedback 

mechanism. 

-Suitable for systems 

greatly dependent on 

demand. 

-Suitable for systems 

greatly dependent on 

renewable energy 

generation. 

MPC can be effectively applied 

to systems as a secondary 

control even under a severe 

condition where the 

communication delays are 

unknown and complex. 

[23] 

Droop based 

control 

In this control, an offline 

calculation is being 

performed, which is a cost 

effective approach. 

Suitable for microgrids 

with limited distributed 

generation resources. 

The controller uses complex 

potential functions to detect 

perturbations due to time delays. 
[36] 

Prediction 

based memory 

control 

It is based on 𝐻∞control and 

predictions. 

Suitable for   in time delay 

systems. 
The predictor-based robust 

controller maintained good 
[61] 

Controller 

Unit 3 Unit 2 Unit 1 Unit n 

Physical Connection 
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voltage regulation time-delayed 

systems. 

 

Table 3: Advantages and disadvantages of centralized control. 

Advantage of centralized control 
Relevant 

reference 
Disadvantages of centralized control 

Relevant 

reference 

The centralized control scheme offers high 

controllability and observability. 

[8] 

Strong dependence on the central controller. 

[8] 
Ability to add a DG to the MG without affecting 

the microgrid central controller. 

Widespread communication network causes 

time delay. 

It’s implementation is simple and straightforward. [22] 
High costs generated by the high-bandwidth 

communication links. [56] 

Low-cost scheme. [61] 
This scheme also lacks flexibility and 

expandability. [56] 

Centralized control has the ability to collect data 

from all units. [61] 

Centralized structure requires a complex 

communication network. [58] 

Centralized structure is more adapted to small 

scale single user MGs. [41] 

2.2. Decentralized structure in microgrid  

The decentralized structure operates on the basis of local measurements. It means, unlike a 

centralized structure in decentralized controllers, each DG unit will be an independent unit  [62].  Therefore, 

in this structure, the need for communication network is reduced and control is done locally  [63]. Unlike 

centralized control, only local information is used, and the system can still work even if several agents fail. 

This control strategy is considered to be the most reliable, despite its limitations due to the absence of a 

communication link. The decentralized control is appropriate to reduce the complexity of communications 

and computing. It has three main branches, namely consensus-based algorithms, (MASs) and their 

combinations. In recent studies, a decentralized control structure has been developed using the MAS 

framework. Decentralized control based on the MAS concept for microgrids has been introduced in [64] 

and developed in [65]. Fig 2. shows the decentralized control scheme. Table 4 shows the studies performed 

on decentralized controllers. However, the decentralized structure may not effectively manage all control 

objectives due to lack of communication  [66]. As a result, the distributed structure is developed with the 
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advantages of both centralized and decentralized methods. The next section describes the features of the 

distributed structure. 

 

 

 

 

 

 

 

Fig. 2. Schematic diagram of decentralized control scheme. 

Table 4: Control methods used for decentralized control 

Control 

method 
Performance Control approach Application 

Performance in the presence 

of communication delays 

Relevant 

reference 

Adaptive 

decentralized 

droop 

controller 

The strategy is based on the 

static droop characteristics 

combined with an adaptive 

transient droop function. 

The control structure 

preserves the dynamics and 

stability of each inverter 

unit at different loading 

conditions. 

Not investigated. [67] 

Consensus 

-Based on state feedback. 

-Without requiring continuous 

communication among agents. 

The event-triggered 

consensus problem is 

studied for multi-agent 

systems with general linear 

dynamics under a general 

directed graph. 

Not investigated. [68] 

Event-

Triggered 

The control will detect the 

predefined event function. 

Systems of which there is 

time delay. 

It is observed that the 

response of the system 

become more oscillatory as 

the communication delays 

increase. 

[57] 

2.3 Distributed structure in microgrid 

The distributed control, in addition to reducing the use of communication network, also has the 

advantages of centralized control structure, so this structure has been developed as a suitable method for 

controlling microgrids [5]. The conventional structure of distributed control is illustrated in Fig.3. 

Unit 3 Unit 2 Unit 1 Unit n 

Physical Connection 

C1 C2 C3 Cn 

Local Controller 
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Recent articles have attempted to eliminate the need for high-level control and to present a fully 

distributed structure, as shown in Fig.4 [69]. Generally, three challenges exist in the distributed control to 

MG. The first is how to restore the voltage and frequency of heterogeneous DG units to reference values 

simultaneously and quickly in a fully distributed method. The second, is the accurate power division 

according to the DG power capacity and the third challenge is independent on the MG parameters [70],[71].   

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Schematic diagram of the distributed control scheme. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  Schematic diagram of the fully distributed structure.  

Distributed control provides a robust secondary control framework designed to speed up the 

synchronization process and ensure consensus in a limited time [72].  The distributed control methods are 

summarized in Table 5.  A review and comparison of secondary level control structures demonstrates the 

researchers' interest in expanding the distributed and decentralized structure in recent articles. The reason 

Unit 3 Unit 2 Unit 1 Unit n 

Physical Connection 

Unit 3 Unit 2 Unit 1 Unit n 

Physical Connection 

C1 C2 C3 Cn 

Local Controller Communication link 
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for this can be considered the importance of reducing the dependence of the control structure on the 

communication network and making the MG resilience to communication challenges. 

Table 5: Summary of distributed control methods. 

Control Technique Method 
Implementation 

Complexity 
Other Features 

Relevant 

reference 

Distributed Control 

Droop Easy  
-No dependence on communication 

network. 

[51],[52], 

[53] 

MPC Complex 
It is very useful for microgrids with a large 

number of resources. 

[54],[55], 

[56] 

SMC Moderate 

The closed-loop response of the system 

has no sensitivity to uncertainties (model 

parameters, perturbations, and 

nonlinearity). 

[56],[57], 

[58],[59], 

[60] 

Event-

Triggered 
Complex 

-Reduce control signal updates. 

-Reduce the possibility of data loss in data 

transmission. 

[61],[62], 

[63],[64], 

[65],[73] 

𝐻∞ Complex Suitable for delayed systems. 
[74],[75], 

[76] 

Among the distributed methods, the consensus protocol is known as a suitable approach for the 

distributed structure. In reason to in many research related to distributed method they have used consensus. 

This method will be discussed in apart section as follows. 

2.3.1  Consensus-based methods 

• The consensus algorithm is a distributed approach that has become popular over the years for 

microgrid control (MG). This algorithm is able to coordinate the distributed generator  in an MG by 

sharing information. In the consensus method, the definition of communication interactions and the 

rules governing information exchange is based on Multi-Agent System (MAS) theory [77], [78], 

[79], [80]. How to design an appropriate control with the goal that all agents can achieve a common 

value in the MAS consensus algorithm is a fundamental issue. Widespread participation of agents 

makes the control and management of MAS centrally costly or even impractical. Therefore, 

distributed control has been developed using local information exchange between neighbors 



N. Sheykhi, A Comprehensive Review on Telecommunication Challenges of Microgrids Secondary Control 

10 
 

through shared communication networks. Several studies on distributed consensus control for MAS 

have been conducted in recent years [80], [81].  The application of other types of consensus methods 

[82- 96] has also been discussed in the literature, summarized in Fig.5.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Types of consensus methods. 

In the conventional approach of consensus algorithm, distributed generation control systems have 

access to measured data and control signals through a communication network. Due to limited 

communication resources, saving computing resources will be important. Continuous use of the 

communication network can intensify communication disruptions such as long delays, increase packet loss 

and reduce throughput, and inevitably reduce the stability, performance and reliability of the system. The 

event-triggered consensus control is a positive solution for maintaining MAS control function. It also 

reduces the overuse of communication and computing resources [97], [98].   

The event-triggered method has been increasingly applied at the secondary control level of MG, as 

it maintains stability, reducing the exchange of information between DGs. To study event-triggered control 

under the consensus method, this structure can be divided into two types. The first structure is the model-

based event-triggered scheme. In this structure, event trigger control is defined based on estimated errors 

Consensus 
method

[82], [83]

Heterogen
eous 

consensus 
[94], [95] 

Non-
linear 

consensus 
[96]

Second-
order 

consensus 
[84], [85]

Adaptive 
consensus 
[86], [87] 

Consensus 
with 

constraints 
[88], [89] 

Finite-time 
consensus 
[90], [91]

Delay-
robust 

consensus

[92], [93] 
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[99]. The second structure is an event-based sampling data that includes methods such as event-based 

sampling scheme, sampled data-based sampling scheme [100] and self-commissioned sampling scheme 

[101]. The event triggered structure has advantages and disadvantages, which are summarized in Table (6). 

Table 6: Advantages and disadvantage of event triggered control scheme  

Scheme Disadvantage 

 
High Frequency of Control 

Updates 

Requirement on Continuous 

Communication: 

Limitations of System 

Dynamics 

Model-based 

event-triggered 

[117],[118],[119], 

[120],[121],[122] 
- - 

Event-based 

sampling scheme 

[102],[103],[104],[105], 

[106],[107],[108],[109],[110] 

[102],[103],[111],[112],[113], 

[114],[115],[116] 

[102],[107],[105],[106],[107] 

,[108], [111],[112],[113] 

,[114],[115],[116], 

Sampled-data-

based event-

triggered 

[123],[124],[125],[126] - [123],[124],[125],[126] 

Self-triggered 

sampling 
[127],[128],[129] - - 

III. Communication network 

The study of the communication networks has been examined in two parts, communication network 

modelling by graph theory and communication protocols. 

3.1 Graph theory   

Considering an islanded MG with multiple DGs, the communication network among the DGs can 

be modelled by a graph. In a MG graph, the nodes indicate the DG and the edge of their communications 

links [130]. So the multi-agent system is presented as a graph where 𝑉 = {𝑣1. 𝑣2. 𝑣3 … . 𝑣𝑛} is the set of 

agents, 𝜀 ⊆ 𝑉 × 𝑉, 𝜀 = {𝑒1. 𝑒1𝑒2 … 𝑒𝑛} an edge set, The associated adjacency matrix 𝐴 = [𝑎𝑖𝑗] ∈

𝑅𝑛×𝑛 with 𝑎𝑖𝑖 = 0 . The Laplacian matrix is given by L=D-A; Where D is the degree matrix and 𝐿 = 𝐿𝑖𝑗 ∈
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𝑅𝑛×𝑛, L is symmetric positive semi-definite [131]. In Table 7, the graph structure is divided into two 

subsections. 

Table 7: Types of graphs for communication network modelling in microgrids. 

Graph theory 

Type Advantages Disadvantages Relevant references 

Directed • Asymmetric property of directed graph. 
• Complex [84],[85],[86] 

Undirected 

• Low demand for communication Channel. 

• communication equipment. 

• low resource cost. 

• high scalability. 

• robustness against delay. 

• Asymmetric property of 

directed graph. [87],[92] 

3.2 Communication protocol 

For proper microgrid performance in addition to the appropriate control structure, the choice of a 

communication protocol can have a significant impact on microgrid performance. In other words, it is 

appropriate for the communication protocol to be in line with the microgrid control objectives and not to 

complicate or increase the cost of implementation. In recent studies of microgrid control, various 

communication protocols have been studied with the aim of reducing costs and accelerating the 

development of microgrids [132], [133]. In [132], the communication structure based on IEC 61850 has 

been used as a suitable and promising solution to maintain network security, increasing microgrid 

reliability. 

 The study of communication network can be divided into two types using wired and wireless [134]. 

Wired networks such as PLC and fiber optics are subject to more noise and communication disturbances 

due to environmental conditions than wireless modes. The use of wired methods can also lead to the 

complexity of the communication network and limit them to a specific location. Therefore, wireless 

networks such as Wi-Fi, WiMax, ZigBee, SigFox with a suitable control structure in order to prevent 

communication disturbances seem more cost-effective and appropriate [134], [135], [136]. Communication 

disturbances in wireless networks are studied in the next section. 

3.3 Communication Disturbances 
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It was previously stated that the distributed structure has a better performance compared to other 

control structures, however, due to the dependence on the distributed structure on the communication 

network, microgrids are exposed to communication constraints and disturbances. In this regard, 

communication constraints, such as time delay, packet -loss, cyber-attack, communication network failed 

and noise is the most important communication disturbances in the microgrid, which will lead to loss of 

synchronization of physical variables or even microgrid instability [130]. Therefore, designing a control 

structure that can maintain microgrid stability in the presence of disturbances caused by communication 

networks will be important [131], [137], [138]. Consensus-based distributed control has been considered 

as a suitable approach for communication constraints, so that in [139] a consensus-based control is 

introduced considering time-varying delays and noise. Another approach to avoiding communication 

constraints is to use time-based graph theory; In [140] using communication network modelling by time-

varying graph theory, microgrid has been significantly improved against data loss, communication network 

failed and time delay.  

In addition to the disturbances caused by the communication network, cyber-attacks can affect the 

performance of the microgrid in such a way that it can cause the collapse of the microgrid, which has been 

studied in [141] by the software-defined networking (SDN) approach. Failure in the communication 

network is one of the disturbances affecting the performance of the microgrid controller, which is studied 

in [142] a proposed approach for the reconstruction of communication lines. Table 8 summarizes the control 

methods used in the presence of communication disturbances. Among the communication disturbances 

studied, time delay has been studied by researchers in recent studies due to its importance in maintaining 

stability. Therefore, it has been studied in section 3.3.1. 
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Table 8: Control methods used against communication disturbances 

Related 

Literature 
Effect of communication disturbances on microgrid 

Communication 

disturbance 
Control methods 

[143] 

The communication links are subjected to uncertain 

noises, which can significantly affect the 

synchronization performance of MG control. 

Gaussian noise Noise-resilient control 

[144] 

The communication links are subjected to additive 

communication noise, which can significantly affect 

the Voltage and frequency of MG control. 

Additive type of noise 
Distributed noise 

resilient 

[145] 
The channel noise can significantly affect the Voltage 

and frequency of MG control. 
Channel noise 

Event-triggered SMC-

virtual leader 

[146] Causes instability in the microgrid voltage. Measurement noises 

Cooperative control 
[147] 

-Link failure has a direct effect on transient control 

performance and weakens it. 
Link failure 

[148] 
Communication packet loss leads to longer transient 

regulating time for the DGs. 
Packet loss 

Fully distributed 

cooperative 

[149] 

The packet loss has a direct impact on communication 

data. Moreover, the large loss rate will cause the 

interruption of communication. 

Packet loss 
Cyber-physical 

cooperative control 

3.3.1 Communication Delays on Secondary Control 

Data transmission by communication networks such as WiFi, WiMax, Internet, Ethernet and 

ZigBee in microgrid is associated with time delay [150], [151]. Time delay in communication networks at 

the worst case it can cause poor and unstable performance of microgrids. To investigate the time delay in 

communication networks, it can be divided into two groups; input delay and communication delay [152].  

The distributed control structure is an effective method for microgrid control in the presence of 

time delay [153]. However, this structure has limited resistance to time delays. So, finding the delay margin 

so that the microgrid performs well is a challenging issue. Taylor series [154], Linear matrix inequality 

[155], [156], Simulation-based [157], [158], Experiment/HIL [159] are well-known methods for 

determining the delay margin in microgrids. In addition, in [159] an extensive study has been conducted on 

methods for determining the time delay margin in microgrids. Table 9 summarizes the four control 
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structures in order to study the types of delays and how to calculate the delay margin, as well as the effect 

of the control method on time delay. 

Table 9: The effect of secondary control methods on time delay in microgrid 

Method 
Type of time 

delay 

Performance of the MG in the 

presence of delay 

Delay 

margin 
Effect of proposed controller Reference 

SMC  

Time-varying 

delay 

Time delays will make control signals 

for reference voltage waveforms 

delayed, which causes phase shift 

between reference LPG voltage and 

microgrid voltage. 

Time-

varying 

The accuracy of random 

delay estimation τ (t) and microgrid 

states estimation x(t) can be 

adaptively improved by SMC 

control. 

[160] 

Time-varying 

delay 
The estimated stochastic delay. 

Time-

varying. 

This control schemes has shown the 

benefits for dealing with long time 

delays using the predictive structure 

plus the robustness of the sliding 

mode theory. 

[161] 

MPC 

constant 

communication 

link time delay 

The voltage observer-based DMPC 

cannot achieve accurate voltage 

recovery under time delay. 

Simulation 

(0.2s) 

Compared to conventional control 

schemes, this scheme can fully take 

into account the constraints caused 

by the time delay and achieve an 

adjustable balance between node 

voltage and power-sharing. 

[162] 

Variable and 

unknown 

communication 

delays 

Unstable eigenvalues. 
Simulation 

(1.11 s) 

The MPC based secondary control 

system is considerably more robust 

in terms of maximum delay allowed. 
[34] 

Consensus 

Communication 

link time delay 

The RMS currents have some 

oscillations before the consensus is 

achieved. 

Simulation 

(1 s) 

This structure shows the excellent 

performance of consensus algorithms 

in terms of resistance to time delay in 

a short time. 

[163] 

Communication 

link time delay 

Increasing of communication delays 

lead to higher fluctuations and slower 

agreement rates. 

Simulation 

(10 ms) 

Compared to existing controllers, the 

proposed controller gave a faster 

convergence rate based on the finite-

time consensus protocol. 

[157] 

Communication 

link time delay 

The closed-loop system response 

becomes oscillatory and the 

convergence becomes slow under 

communication time delays. 

Simulation 

(800 ms) 

Demonstrates significant robustness 

against load disturbances, and 

successfully tolerates, small as well 

as large, communication time-delays. 

[159] 

Communication 

link time delay 

The communication delay will Reduce 

the convergence speed of the control 

system. 

Simulation 

(400 ms) 

Simulation results verify the 

effectiveness of the proposed 

strategy, especially, it has strong 

robustness to communication delay. 

[164] 

Event 

triggered 

Communication 

link time delay 

Worsening of microgrid performance in 

maintaining stability. 

Simulation 

(0.1 s) 

The simulation results confirm the 

effectiveness of the proposed 

strategy against large time delays. 

However, in the proposed method, 

the convergence speed is slow. 

[162] 

Communication 

link time delay 

Worsening of microgrid performance in 

maintaining stability. 

Simulation 

(15 ms) 

The proposed control is resistant to 

time delays of less than 15 (ms). 

However, with increasing delay, the 

system becomes unstable. 

[165] 
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Conclusion 

One of the challenges in microgrids is the proper control system. In this paper, the structure of 

secondary control with the definition of three levels of primary, secondary and tertiary was examined and 

it was shown that each has different requirements in terms of communication performance. In this study, it 

was found that the primary level is a time-sensitive mechanism that ensures voltage and instantaneous 

frequency control, so communication-less control methods are adopted. The secondary level, unlike the 

primary level, is more dependent on the communication network. Depending on the communication 

network, this level was divided into three structures; centralized, decentralized and distributed. Comparison 

of control structures showed that distributed control has many advantages over a centralized design (e.g., 

higher reliability and resistance to unit failure), it may require more complex data transmission through 

communication lines.  Dependence on the communication network in the distributed control structure 

requires the study of the controller behavior in the presence of communication disturbances.  Thus, "how to 

stabilize data transmission with communication disturbances in the limited network resources of an MG" 

is one of the challenges in controlling MG. Finally, this study provided a comprehensive overview of the 

secondary level with respect to the communication network in MG and the behavior of controllers in the 

presence of communication disturbance. It is recommended that communications attacks and their impact 

on the secondary level control structure and MG performance be investigated in future work. 
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