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Abstract—In this paper, a robust droop-based control 
structure is developed in primary level of a hierarchical control 
scheme for robust performance and robust stability against 
parametric and topological uncertainties to 1) improve the 
robust stability and robust performance 2) resolve drawbacks 
of previously reported methods. Considering droop control 
scheme, the conventional hierarchical control structure is 
developed and the effectiveness of the proposed control scheme 
is investigated considering parametric and topological 
uncertainties. For the sake of drawing a picture to address how 
we can realize a resilient microgrid including a hierarchical 
control structure and providing enough robustness against 
mentioned uncertainties, signal disturbances, and different 
types of nonlinearity, some special recommendations are also 
provided. Finally, to prove the usefulness of the proposed 
controller, simulation studies are done on a microgrid which 
includes several distributed generation units with local loads. 

Keywords— Distributed energy resources, droop control, 
hierarchical control, microgrid, power sharing, primary control, 
robust control, stability, uncertainties. 

I. INTRODUCTION  

The coexistence of multiple distributed/renewable energy 
resources (DER/RERs) units with different dynamic features 
have raised several concerns such as control, stability and 
efficiency of microgrids. Based on this issue, there are some 
concerns reported in microgrid resiliency such as 1) How to 
share power, 2) How to consider communication time-delay 
(CTD) and fault ride through (FRT), 3) How one can include 
the impacts of nonlinear/unbalanced loads in the microgrid 
power-flow methods [1]-[2]. 

Typically, the converter related to voltage sources (VSC) 
in the based microgrids can be managed essentially based on 
two main methods namely centralized and decentralized 
control. Centralized techniques have been proposed for 
limited applications and demand excessive communications 
[1]. Decentralized control works on the basis of local 
measurement of important variables and transferring them to 
the relevant local controllers (LC) that is not communicate to 
other LCs. hierarchical control scheme is divided into three 
levels, i.e., primary, secondary and tertiary [3]. In an 
autonomous microgrid, the control objectives are restoration 
of frequency and voltage in order to share active/reactive 
power, properly [3]-[5]. In grid-connected modes, voltage 
and frequency are based on the upstream network and the 
basic objectives are controlling active and reactive power [6].  

In both modes, the microgrid performance may be 
affected by different parametric, topological, and 
communication uncertainties, different nonlinearities (either 
by nonlinear loads or dynamics of DERs/RERs) and various 
small- and large-signal events/disturbances. To have a 
resilient microgrid, the system should have robust 
performance during all of the uncertainties, nonlinearities, 
and disturbances [7]. Some new solutions have been 
proposed to address robust stability of microgrid for signal 
disturbances [8], in case of nonlinear/unbalanced loads as 
well as DERs dynamics. Control of microgrid and robust 
power flow considering different issues under topological, 
parametric, and communication system uncertainty (in 
addition to noise and communication time-delay (CTD)) 
have been discussed in [5], [8]-[11].  

In this paper, a robust hierarchical drop-based control 
structure is reported to resolve issues regarding small- and 
large-signal stability of microgrid, improve the performance 
of microgrid for nonlinear and unbalanced loads, and provide 
robust performance for parametric and topological 
uncertainties of microgrid. We propose a robust controller 
for the inner control loops of primary control level in the 
hierarchical control scheme and effectively can resolve the 
stability issues for various kinds of disturbances. Moreover, 
the robust performance of the proposed robust controller for 
parametric and topological is considered in the design 
formulation. Finally, the performance of this control strategy is 
evaluated by simulations performed in MATLAB/Simulink 
environment for outage and re-connection of DER units, as a 
topological uncertainty which leads to a large-signal 
disturbance, and examines the plug and play functionality of 
microgrids. 

II. STUDY SYSTEM 

A. Proposed Control Strategy Configuration 

Fig.1 shows the block diagram of the proposed robust 
primary controller which is a part of an improved robust 
hierarchical control. Our goal is to design K(s) so that we can 
improve the stability, minimize the consequence of disturbance 
on the output voltage, and accomplish to a good performance 
taking the impact of CTD into consideration. We propose a 
mixed H2/H∞ solution to realize the design objectives 
mentioned in section I to be utilized in the control loop of 
primary level (in this case inner loop) to track the reference 



values and improve the microgrid stability. In contrast to the 
DRSM controller of [5], this configuration will also help the 
overcurrent and overload protection [12].   

B. Power Management System 

Space equations for the system are referred to ��reference 
frame applying Clarke transformation [13]. The immediate 
active/reactive power of each DER unit and load is transferred 
to the PMS and LCs via an LBC system. Active/ reactive 
powers (PDER,I, QDER,i) and voltage setpoints of DER can be 
calculated by: 
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III. MICROGRID MATHEMATICAL MODEL  

Fig. 2 shows the proposed robust controller after 
linearization of microgrid model in the SYRF frame (dq) [13].  

In our study, the load current is considered as disturbance 
signal. Moreover, dynamic equations of microgrid are 
expressed in NARF frame (abc) and then referend to SYRF. 
Based on this issue, the realization known as state space 
realization for the microgrid is given by: 
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system state space matrices are defined as [7]: 
1616xA ℜ⊂ ,

616xB ℜ⊂ , 616x
dB ℜ⊂ and

166xC ℜ⊂ are 

We try to find a controller K(s) with the state space 
realization of (5) to realize the design objectives.  
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IV. PROBLEM STATEMENT 

A. Nominal Problem 

The goal of this study is to design decentralized robust 
controller for robust stabilization and disturbance 
attenuation. Moreover, microgrid performance disturbances 
(small/ large-signal) are investigated. Consistent with this 
idea, disturbance signal d has some effects on the output yG. 
This effect has been reduced and the output gain (£2) 
minimized. In this manner, we have a good reference 
tracking for controller and therefore the steady state error 
should be minimized. In the presented robust controller 
design, disturbance and tracking attenuation are employed as 
the objective functions and the form of multi-objective 
problem defined by LMI are applied as constraints. The 
problem can be formulated in the form of the following 
multi-objective optimization problem that will result in LMIs 
given by (7): 
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Fig. 2. Schematic diagram of study system [12]. 

 

LPF
fc=10 Hz

pDER

qDER

Droop
Control Scheme

PDER

QDER

Reference 
Generation

f

|V|

 -
  

+ K(s) G(s) +

Gd(s)

Communication Delay

yG

d

r e

 Droop-based Power Sharing Control Unit

 Proposed Robust H∞ Controller

 
 

Fig. 1. Proposed robust controller configuration in the inner control loops of primary control level of hierarchical control.  



In (6), microgrid voltage limits are considered in order to 
design a system with acceptable parameters. 
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B. Robust Controller Design 

Based on the assumption of a polytope of uncertainties 
for microgrid parameters, the abovementioned controller 
design is extended to a robust mixed H2/H∞ problem. More 
details have been provided in [6], [9]. 

Also, it is worth mentioning that the PMS determines the 
initial conditions of the controller set points based on a 
robust power flow solution provided that will enhance the 
robust performance of the proposed scheme.  

C. Plug and Play Functionality 

Robustness against microgrid topological uncertainties 
and keeping the P&P functionality of DER units is another 
property that is integrated with the proposed robust control 
scheme. Since the plug-in (out) of DERj to (from) DERi 
affects only matrix Aii, for each DG two cases are taken into 
account [14]: 

1) Maximum allowable connections of the DGs to 
DERi 
(Nimax ⊂ {1,. . ., N}) 

2) Connection j with the minimum values of (Rij/Zij
2 ) 

and (Xij/Zij
2) among the other. 
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In this case, different possible connection/disconnection 
of DERs to DERi matches to the polytypic uncertainty 
domain: 
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Now, these matrices can be added to LMI (7) for 
consideration of P&P functionality in controller design.   

D. Mixed H2/H∞ and proposed control framework 

In order to optimize the overall performance of the 
system, the matrix K should be chosen so that the 
optimization problem of (6) is realized. Considering the state 
space realizations, the mixed H2/H∞ synthesis problem can 
be defined by the multi objective optimization problem of 
(7). In this case, a controller K(s) can be designed in order to 
minimize a compromised criterion for H2/H∞ performance. 
The problem is LMI and can be solved by MATLAB via 
YALMIP solver [15]-[16]. The H2/ H∞ performance lemmas 
link the aforementioned optimization control problem to 
LMI techniques in the form of LMI of equation (7).  

V. SIMULATION RESULTS 

In this part, four DER units (with a local load) are 
connected to the external grid via PPC. This microgrid is 
implemented in MATLAB/Simulink time-domain 
simulations in offline mode is analyzed. Microgrid structure 
is shown in Fig. 2. Also, microgrid parameters as well as 
control system are given in [5].   

A. Islanded Mode – Step Load Change 

In the first scenario, microgrid is in islanded mode with 
local loads is considered. LCs are participated by the 
proposed mixed H2/H∞ control scheme. An event is defined 
to increase the load of DER2 at t=0.8 sec with step 0.8 pu. It 
can be seen that change of the is responded by DER units 
and voltage magnitude/angle are stable after this event. 

 

 



Fig. 3(a) illustrates the active/reactive power sharing 
curves of the microgrid, to the modulation index of DER2 
VSC proposed mixed H2/H∞ control scheme, and DRSM 
solution of [5]. It is obvious that after the transient, power-
sharing trends reach the stable value. 

B. Parametric Uncertainties  

Power management system (PMS) and the performance 
of the control in the microgrid can be affected by parametric 
uncertainties. Robust control design approaches reported in 
[5] are applied to the microgrid system in order to employ 
The robustness against microgrid parameter uncertainties. 
RBFNN-based power flow has been developed to consider 
the robustness in case we have changed in the load multiplier 
(LM) and line’s R/X ratio, reported in the other methods like 
Newton-Raphson (NR). In case the R/X ratio and LM vary, 
power flow is converged and microgrid has a good 
performance and therefore there is no distortion in 
current/voltage waveforms. Based on this matter, it is not 
necessary to adjust protection and control settings. In rare 
case, when we have low R/X ratio in microgrid, harmonic 
power sharing will not be accurate since the value of 
impedance is high when we are working with harmonics in 
the higher order. 

C. Accidental Outage of DER2 

In order to show the operational integrity of the 
microgrid and robustness of the proposed control scheme, in 
this section, sudden accidental outage of the DER2 unit is 
studied. It is assumed that the two other DERs can meet the 
load demand. Before the outage, 0.18 pu active power is 
transferred from PCC1 to PCC2 and there is not power 
transfer from PCC2 to PCC3. At t =0.5 sec, DER2 is 
disconnected. Fig. 4 shows corresponding transients of 
microgrid system. As a consequence of disconnection of 

DER2, the voltage drops by 6% using the DRSM [5] solution  
and by only 2% using the proposed mixed H2/H∞ robust 
control scheme. Note that in this situation, DER is not 
directly controlled and voltage of the PCC2 is indirectly 
controlled by LCs of remaining DER units. Also, as 
illustrated in Fig. 4, using the proposed mixed H2/H∞ robust 
controller, the line flows are changed to compensate for the 
lack of power generation at Bus 2. The results effectively 
show the robustness of the proposed mixed H2/H∞ robust 
control scheme in case of deactivation of one of DER units, 
in contrast with the DRSM solution [5].    

VI. CONCLUSION 

In this study, a robust mixed H2/H∞ controller for a 
multi-DER VSC-based autonomous microgrid has been 
presented. A classical load flow has been applied to a 
microgrid system in order to find 1) terminal voltage set 
points 2) robust mixed H2/H∞ controller 3) global 
synchronization signals 4) frequency control and 
synchronization of DERs. A set of linear matrix inequalities 
have been formulated in order to design robust mixed 
H2/H∞ control system. Thereafter, multi-objective 
optimization problem (MOO) was employed to enhance 
performance of the microgrid for different disturbances, 
track voltage and active/reactive power setpoints, reject 
disturbance, and enhance fault ride through capability of the 
desired power sharing. The effectiveness of proposed method 
was investigated considering delay in communication line 
and parametric uncertainties. Offline digital time-domain 
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Fig. 4. Time-domain simulation for accidental outage of DER2 in 
islanded microgrid for respectively the DRSM solution [5] and, the 
proposed mixed H2/H∞ robust controller: a) voltage magnitude of PCC2 
(Vrms) (pu) b) phase angle of PCC2 voltage (deg.), c) active power 
transfer of distribution lines (pu).    
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Fig. 3. Microgrid in the islanded mode (with the the proposed mixed H2/H∞ 
robust controller): a) active and reactive power sharing and mudulation index 
of DER 2 within the microgrid with DRSM solution of [5], b) active/reactive 
power sharing and mudulation index of DER 2 within the microgrid with 
proposed mixed H2/H∞ robust controller.  



simulations in MATLAB/Simulink show a good robustness 
against small/large-signal disturbances as well as 
nonlinearities of load and resource. Results indicated that 
proposed control strategy keep microgrid stability in an 
acceptable range and improved its performance after 
different events such as small/large disturbances.   
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