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Abstract
A Microgrid system is often subjected to frequency deviations due the variable nature of
renewable energy resources connected to it and due to load fluctuations. In this paper a smart
microgrid system is considered where fossil fuel generators and renewable energy sources like
wind and Photovoltaic generation are combined with fast acting battery storage system. Robust
control strategies are developed for reducing the frequency deviation while considering
significant model uncertainties. In Conventional system governors and PID controllers are used
to cope with load and renewable energy source transients. In this paper a robust control strategy
via μ-synthesis approach is considered. Then advantages of our proposed system are compared
with conventional methods. All the simulations are conducted in the Matlab and simuink
environment.
Key words -Energy storage, microgrid, power systems, smart grids, renewable energy.

I. INTRODUCTION
Microgrid is a localized grouping of electricity sources and loads that normally operates
connected to and synchronous with the traditional centralized macrogrid, but can disconnect and
function autonomously as physical and/or economic condition dictate. It provides a way to
effectively integrate various Distributed Generation (DG), especially the Renewable Energy
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Sources (RES)[1].The renewable energy resources are integrated with traditional microgrids
because they are clean and abundantly available in nature [2]. It also provides a good solution for
supplying power in case of an emergency by having the ability to change between islanded mode
and grid connected mode. The main problem with wind turbine generation is that the output
power of it is proportional to the cube of varying wind speed velocity. And similarly the output
power of PV generation varies in accordance with the atmospheric temperature. This will results
in variation in stability and can cause frequency and voltage fluctuations in a microgrid. This
paper focuses only on frequency deviation reduction with robust control techniques. For
reducing frequency and voltage variability high-speed, grid-attached storage systems such as
batteries have been proposed. How ever due to high cost there is a need to minimize the battery
size this will strengthen the F and V deviations [3]. So to constrain these deviations with in small
range more advanced control techniques are used at the same time minimizing battery size.
Variety of control methods are used to cope with deviations PID controller is amongst the one
[4]. How ever PID controller generally has to balance all three gains impact to the whole system
and may compromise the transient response, such as settling time, overshoots, and oscillations. If
the system parameters can not be precisely estimated or achieved, the designed PID gains may
not resist the uncertainties and disturbances and thus present low robustness. Another control
method is the H-infinite controller the main draw back of this approach is that the robustness to
model uncertainties are not addressed. Fuzzy logic control is another one but while doing
simulation it is very difficult to develop an appropriate simulation model for the above approach
[5].
In this paper renewable energy generation is an important fact and thus frequency control is a
challenging problem. Here robust control strategies are used for both battery system and
conventional generation system. Controllers are designed to minimize the frequency deviations
but at the same time smaller battery size is also an important consideration. In this controllers are
designed to cope with load transients, WTG and PV output fluctuations, model uncertainties and
measurement noise/errors.The robust controller results are then compared with conventional PID
controllers and it will be evident that relatively smaller amount of storage will dramatically
reduce the frequency deviations.

II. MICROGRID SYSTEM
A typical setup of a microgrid with battery storage is shown n fig.1.Both conventional and
renewable energy sources (mainly wind and solar) are considered. Energy sources, variable
loads, and a battery-based storage system are all connected to the common bus bar. The green
blocks indicate where the controllers are attached.
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Fig 1. Basic microgrid system with attached storage.
Low frequency load transients are handled by conventional generators (fig.2), but the high
frequency load transients caused by renewable energy sources can be suppressed by using the
attached storage system.

Fig 2.Mathematical model of conventional generation
The mathematical model of wind turbine generator is shown in the fig.2 below. The rotor blades
of the wind turbine catches the wind and transfers it to the rotor hub. Through a gear box the
rotor hub is attached to a low speed shaft.
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Fig.3.Mathematical model of wind turbine generator
The shaft then drives an electric generator where the mechanical energy is converted to electrical
energy and delivers it to the grid. As the wind speed varies the output power of the wind turbine
generator also varies. As the wind speed varies the output power of the wind turbine generator
also varies.
Pm =0.5AV3Cp
(1)
Where Pm is the mechanical power of wind turbine, is the air density, A = πr2 is the area swept
by the turbine blades, V is the wind speed, and Cp is the coefficient of performance of the wind
turbine.
In the controller design process in order to limit the model complexity simple transfer function
models are used for each of the block. The electrical process of a battery system can be regarded
as a lag element, so with the time constant of Tb= 0.1 s the battery system can be modeled as a
lag element which assumes the lead-acid battery battery .Equivalent circuit and transfer function
model of battery is shown in figs 4. and 5. VOC is the open circuit voltage of the battery. Rseries is
responsible for the instantaneous voltage drop across the terminals of the battery.To model the
transient behavior of the battery the parameters Rtrans_s,Rtrans_L,Ctrans_s,Ctrans_L are used. Since
frequency deviation is caused by the imbalance between the power generated and the power
consumed by the load, signals in the model are first normalized to per-unit (pu), and then shifted
to deviations around „0‟[6].

Fig 4.Equivalent circuit of battery
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Fig 5.Transfer function model of battery
The load variation(∆Pload), the SS output variation (∆Pbatt) and WTG output variation ( ∆Pwind )
these three signals are summed at the summing block in the CG model along with the CG output
variation ∆Pgen and PV variation.A battery based storage system acts as load or generation
correspondingly during the charging or discharging periods. In our model, ∆Pbatt, and ∆Pgen are
controlled power deviations, as shown in figs.2 and 5; „ug‟ and „ubatt‟ are the control signals. ∆f is
considered as the error signal. Measurements „y‟ and outputs actuation/ control signals „u‟ are
received by the controller. Even though ∆Pbatt is a controlled output, the output is limited by a
saturation block so as to prevent fast charge and discharge. In addition, the State of Charge (SoC)
variation of the SS is modeled by integrating its output power deviation. It is controlled
indirectly by commanding ∆Pbatt..Since ∆Pbatt and ∆Pgen are considered as perturbations to the
system in the robust controller synthesis methodology there is no control over these two signals.
Here, the controlled outputs are used for minimizing ∆f, regardless of how the perturbations
vary. Other renewable sources can be handled in a similar fashion.

III. UNCERTAINTIES AND ROBUST CONTROLLER
In control theory robust control is an approach to controller design that explicitly deals with
uncertainty. Robust control methods are designed to function properly provided that uncertain
parameters or disturbances are found within some set. Robust methods aim to achieve robust
performance and/or stability in the presence of bounded modeling errors. No mathematical
model can give the exact description of a physical system. This will be considered as modeling
error and can dramatically affect the performance of a control system. Model uncertainty is the
difference between the actual system and its mathematical model (used to develop controller
designs). These perturbations are usually lumped together in a structured uncertainty description
∆,where ∆= diag(∆i) is block diagonal.The system robustness can be quantified via the smallest
structured ∆ which makes the matrix I-M∆ singular at any given frequency. Computing this
quantity over all frequency enables one to find the smallest destabilizing perturbation, and hence
the system robustness. This metric is termed the structured singular value (denoted μ) , which
stated mathematically is defined for a matrix M as:
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Fig 6 : μ Synthesis control configuration
Where,
M is the lower fractional transformation (LFT) of P and K
For μ-synthesis controller design we use the D-K iteration approach. The main aim of this
approach is to deliver a closed-loop system with optimized performance in the presence of
disturbance signals whilst at the same time retaining robustness to system model uncertainties. In
order to precisely specify the robustness and performance criteria, the first step is to decide upon
the design system interconnection.
a) Uncertainty in the System
To represent modeling errors multiplicative model uncertainties of 5% and 3% are added to
model blocks „Diesel‟ and „Rotating Mass and Load‟ as shown in fig.7 [7][8]. Measurement
noise is added to the frequency deviation and SoC signals. The complete simulink model of the
plant with uncertainties is shown in the fig.7 below.
b) Disturbance Signals on the System
Two major disturbances in the system arise from variations in load and renewable source
generation. Load draws power from the system, but WTG injects power into the system.
However, since we do not assume the WTG output to be under our control, for controller design
purposes we simply combine the two into a single “disturbance” at the same summing junction.
In addition, there is always sensor noise in all measurements, and these are also included as
disturbance signals
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Fig.7.Simulink model of the plant with uncertainties

IV. SIMULATION RESULTS AND DISCUSSION
Microgrid is basically low voltage or medium voltage distribution network which consist of a
cluster of microsources such as photo voltaic array wind turbine ,battery based storage system
etc. Fig 8 below shows the simple simulation model of three phase microgrid system. With high
PV and wind penetration in some regions cost free surplus energy is available .The surplus
energy available can be stored in Electrical Energy Storage (EES) and used to reduce the
generation costs. The three phase breaker connected to the source is normally closed with
transition time set manually, the other breakers are controlled externally.
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Fig.8. Realistic model of the microgrid
The voltage and current waveforms for the grid is shown below in figures 9 and 10 respectively.
a) Grid output voltage and current waveforms

Fig.9.Waveform of grid voltage (V)
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Fig 10.Waveform of grid current (A)
The deviation in power ∆P in pu is shown in fig.12 with battery system attached. Measurement
noise is added to the frequency deviation and note that there are three control signals; the first
one is designated for low frequency diesel engine control, the second one is assigned for high
frequency battery control, and the third one is used for maintaining the battery at 50% of its SoC.
fig.11 shows the deviation in power with out battery effect.
b) Power deviation

Fig 11.Power deviation (∆P in pu) without battery

Fig 12.Power deviation (∆P in pu) with attached battery
Finally the frequency deviation effect with and with out the presence of battery are simulated this
waveforms will be shown in figs 13 and 14 respectively.
c)Frequency deviation
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Fig 13.Frequency deviation with out attached battery
Frequency deviation is almost maintained to zero using the controller as shown in fig.14.with
the use of attached battery frequency deviation is much more improved compared to that with
out battery.

Fig 14.Frequency deviation with attached battery

V.CONCLUSION
This paper proposes a simulation based model of combining a battery with a sophisticated robust
control strategy to reduce system frequency deviation in a microgrid. In other words, specifying
a certain allowable frequency deviation, the robust μ synthesis control approach allows us to
deliver that performance level whilst utilizing a smaller battery. Since battery based storage
systems are very expensive, this is a significant advantage. During the controller design process,
since the model uncertainties and system performances are considered at the same time, system
robustness and performance is well balanced. Compared to conventional PID control the μ
synthesis control approach is much more robust, and has better performance.
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