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Abstract 

In this paper, to develop the dynamic performance of an islanding mode micro-grid, which contains a 

wind turbine unit and a gas distributed generation (DG), simultaneous usage of H infinity and robust 

control are presented. By using the doubly-fed induction generator (DFIG) and the variable speed 

wind turbine, the system inertia is decreased and then the dynamic stability is also decreased. The 

virtual inertia implementation in DFIG causes the power system stability improvement. However, the 

major challenge that should be considered is the change in the system parameters or uncertainties, 

when the virtual inertia is employed. In this paper, the implementation of virtual inertia in the DFIG 

control system is described in detail and the impact of uncertainties and changes in the control system 

parameters over the performance of the frequency control system are investigated. In order to improve 

the dynamic stability and the steady state performance of the frequency control system, benefiting 

from the impact of virtual inertia, the mixed robust H infinity control approach is proposed. The 

simulation results using MATLAB software show that the proposed hybrid controller guarantees 

system stability in conditions of uncertainties and with the variation of the control system parameters. 
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1. INTRODUCTION 
 

Nowadays, renewable energy resources play 

a major role in electrical energy supplement. 

Wind energy could be mentioned as one of 

the most important of these useful energies.  

 

 

 

 
Considering variations in wind speed and 

consequently this effect on output power in 

wind turbines, there are some methods to 

extract the maximum power such as DFIG 

[1]. It cannot used to utilize wind turbo 

generators for frequency control in micro-

grids, because of wind speed variation and its 

sudden substance. These kinds of outspread 
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energy production in the viewpoint of power 

and frequency control are called non-

dispatchable. Indeed, to achieve frequency 

control in micro-grids, especially in islanding 

mode, outspread energy resources are used 

such as gas or diesel turbo generators. At 

these turbo generators, governor speed 

operates as the responsible of frequency 

control [2]. The individual adjustable factor 

in common Load Frequency Control (LFC) 

systems is droop coefficients that are related 

to governor speed. Low values of droop 

coefficients cause deviance frequency 

reduction rather than nominal value in Steady 

State (SS) and improve the steady response 

of the load-frequency control system. By the 

way, droop coefficients with low values 

cause variation in frequency increment in 

transient mode and it could unstable the 

system in case of either islanding mode or 

load variation [3].  

Since synchronous generators which are 

connected to the grid have much great inertia, 

low time frequency variations lead to 

dynamic grid stability increment. 

Synchronous generators in general respond to 

the frequency variations system so as grid 

frequency decreases output generator power 

increases by the case of kinetic energy 

releasing for a short time. This short-time 

power increases compensations gird 

requirement and prevents high sudden 

frequency loss. But at DFIGs, there are some 

power electronic instruments and wind 

turbine rotation speed is not related to grid 

frequency, thus grid frequency variations are 

not seen by the rotor. Therefore, by using 

variable speed generators connected to wind 

turbines, other uncontrollable outspread 

generation resources and nominal inertia 

decreases because of less consumption of 

synchronous generators.  

There has been wide research to improve 

micro-grid dynamic stability in islanding 

mode and also global connection conditions 

[4]. To reduce short-time frequency 

variations and micro-grid dynamic stability 

improvement, using batteries or energy 

storages are being suggested. In this way, 

controllable outspread generation resources, 

adjust and control micro-grid frequency in 

steady state, and batteries reduce short-time 

frequency variations. Although storage 

equipment improves load-frequency system 

dynamic operation, their inverters cause 

expanse increment [5-7]. 

Operating virtual inertia in DFIG 

dynamic behavior of micro-grids has been 

improved. In [8-11] a high-level capacitor is 

used as a virtual inertia resource. This 

method also is expensive due to additional 

equipment. In [10] and [11], the section 

rotating mass inertia of the wind turbo 

generator is used to operate virtual inertia. 

Although virtual inertia operation using 

rotating mass does not need additional 

equipment and expanse, using this method 

has some limitations. In this mode, virtual 

inertia values depend on the rotor speed of 

DFIG at the frequency shift moment. Since 

rotor speed depends on wind speed and is 

unpredictable, the impact of this method is 

different at short-time frequency variation 

reduction. At low and high wind speeds, this 

method could not be used due to wind turbine 

stopping situations. Another limitation of 

virtual inertia operation using rotating mass 

is thermal limitation. If there are variations in 

system frequency at high wind speeds, the 

generator will produce additional power by 
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virtual inertia control loop operation, 

generator temperature will increase that may 

be over-ranged. 

The main point that should be considered 

in load-frequency control system operation 

evaluation with virtual inertia, is system 

factors uncertainties. Some factors could be 

mentioned such as governor droop factor 

uncertainties, wind speed variations, 

unpredictability, and inertia variations. If 

different factors and uncertainties in the 

system model are ignored, it may cause 

delusive results as marginal targets will not 

occur well and static and dynamic system 

behavior will not be expected [12].  

Although uncertainty factors' impact on 

common load-frequency control systems has 

been evaluated in many papers and some 

control strategies are suggested to improve 

system operation with uncertainties like 

optimized control [13], sliding mode control 

[14], and intelligent control [15-16],  a 

considering piece of research has not 

implemented yet when virtual inertia 

participates in load-frequency control. In 

[17], considering some disturbances and 

system parameters uncertainty, some insulate 

controllers like 𝐻∞ and 𝜇 synthesis are used 

for secondary frequency control loop 

improvement. In [18], the system 

disturbances are considered as an 

uncertainty, then strict controller 𝐻∞ is 

suggested for a load-frequency control loop 

in a bisection system. One of the other 

methods suggested for frequency system 

stability improvement is a virtual impedance 

loop [19] and frequency control is allowed 

for linear system equations and energy 

storage at the same time [20]. 

In this paper, virtual inertia and strict 

control in micro-grids usage are proposed. 

Virtual inertia will be added to a DFIG 

control system in this paper and robust 

control will be added to a gas turbo generator. 

In section (2), the virtual inertia 

accomplishment method in DFIG is 

explained. In section (3), while introducing 

the understudy micro-grid, it will be 

indicated that gas turbo generator governor 

droop coefficients uncertainty and virtual 

inertia value that are resulted by wind 

generator mass rotating equipped with DFIG, 

influence the load-frequency control system 

and may lead to the system instability. In 

order to improve the load-frequency control 

system, especially in terms of dynamic 

micro-grid stability, besides the virtual 

inertia usage, a robust  𝐻∞ approach is used 

in the frequency control system in this paper. 

The specifications of the designed controller 

will be explained in section (4). Simulation 

results in section (5) indicate that virtual 

inertia and strict 𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞ controller usage 

improve the micro–grid dynamic stability 

and supports system stability when there are 

control factors uncertainty. 

 

2. VIRTUAL INERTIA 

ACCOMPLISHMENT IN DFIG 
 

In DFIGs, the stator is connected to the grid 

directly, and the rotor is connected via two 

back-to-back converters. The rotor side 

converter is controlled so that besides stator 

voltage adjustment, maximum power is 

obtained at different wind speeds. The grid 

side converter adjusts capacitor voltage 

between two converters. Just like 

synchronous generators, wind turbines also 

have much kinetic energy in rotating mass. 

However, wind turbines with variable speed 
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cannot release their inertia and impose the 

resulting energy to the grid due to the grid 

frequency detachment from turbine speed, 

and turbine speed control to track maximum 

power point tracking in different wind 

speeds.  

Wind turbine Maximum Power Point 

Tracking (MPPT) 𝑃𝑚
𝑜𝑝𝑡

 can be shown as a 

three-degree function of wind turbine shaft 

mechanical speed as follows:  
 

𝐽 = (𝜎 + 휀0휀𝑟

𝜕

𝜕𝑡
)𝐸 + 𝐽𝑒  (1) 

 

In this equation, 𝐾𝑜𝑝𝑡 is a factor that 

depends on the wind turbine wing angle. 

Thus, if the turbine wing angle is constant, we 

can suppose 𝐾𝑜𝑝𝑡 as a constant value. The 

rotor side converter is controlled so that 

output electrical power tracking 𝑃𝑚
𝑜𝑝𝑡

value 

can be controlled as well. If the rotor side 

converter controller reacts too fast, we can 

suppose output electrical power is the same 

as maximum power point tracking. 

On the other hand, in a turbo generator 

input mechanical power 𝑃𝑚
 is related to 

output mechanical power 𝑃𝑒
 via the following 

equation:  
 

𝑃𝑚 − 𝑃𝑒 =
𝑑

𝑑𝑡
(
1

2
 𝐽𝜔𝑚

2 ) = 𝐽𝜔𝑚

𝑑𝜔𝑚

𝑑𝑡
 (2) 

 

In this equation, 𝐽 is the inertia value of 

the rotating mass connected to the turbo 

generator shaft. In synchronous generators, 

input mechanical power is controlled by the 

governor to achieve frequency control. It 

results that the mechanical turbo generator 

speed shaft 𝜔𝑚that determines the system 

frequency, participates in output electrical 

power directly. In DFIGs, unlike 

synchronous generators, output electrical 

power is controlled directly. So, differences 

in system frequency and rotating mass inertia 

do not affect on output electrical power. 

Equation 2 can be shown as per unit:  
 

𝑃𝑚 − 𝑃𝑒 = 2𝐻𝜔𝑚

𝑑𝜔𝑚

𝑑𝑡
 (3) 

 

As shown, 𝐻 is wind turbo generator 

inertia constant and its unit is second and 𝑃𝑒  

is the same as 𝑃𝑚
𝑜𝑝𝑡

. 𝑃𝑚 value is 

uncontrollable and depends on wind speed. 

Thus, in equation (3) 𝜔𝑚 is a variable value 

that depends on wind speed and does not 

depend on system frequency. 

An accurate and intact model of a wind 

turbo generator equipped with DFIG contains 

15 particular values, in a way that one of them 

is much less than the others. Then we can 

estimate wind turbo generator as a first-order 

system. Sensitivity analysis and participation 

factor show that 𝜔𝑚 and 𝐻 value have a huge 

effect on the dominant pole. 

Equation 3 linearization around operation 

point  𝜔𝑚0 results in the following relation: 
  

∆𝑃𝑚 − ∆𝑃𝑒 = 2𝐻𝜔𝑚

𝑑∆𝜔𝑚

𝑑𝑡
 (4) 

 

In equation (4), ∆𝑃𝑒 determines as 

follows:  
 

∆𝑃𝑒 = 3𝐾𝑜𝑝𝑡𝜔𝑚0
2 ∆𝜔𝑚 (5) 

 

For virtual inertia accomplishment, 

output electrical power control is different, so 

that in addition to MPPT, it responds to 

system frequency changes. Therefore 

equation 5 is corrected as follows:  
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∆𝑃𝑒 = 3𝐾𝑜𝑝𝑡𝜔𝑚0
2 ∆𝜔𝑚

− 𝐻𝑣(𝑠)𝜔𝑚0
  ∆𝜔   

(6) 

 

In equation (6), 𝜔 is the angle frequency 

system and 𝐻𝑣(𝑠) is a virtual inertia transfer 

function. Since the inertia function operates 

as a differential on system frequency, the 

function 𝐻𝑣(𝑠) is written as follows:  
 

𝐻𝑣(𝑠) =
𝑀𝑣

(1 + 𝑠𝜏1)(1 + 𝑠𝜏2)
 (7) 

 

At the transfer function 𝑀𝑣 is virtual 

inertia constant, 𝜏1 and 𝜏2 are virtual inertia 

timing constants. The main reason for this 

transfer function usage for virtual inertia 

accomplishment is the operation on low 

frequencies as a differential. If equation (6) is 

replaced in equation (4), then we have:  
 

∆𝑃𝑒 = 3𝐾𝑜𝑝𝑡𝜔𝑚0
2 ∆𝜔𝑚

− 𝐻𝑣(𝑠)𝜔𝑚0
  ∆𝜔  

+ 2𝐻𝜔0
 ∆𝜔𝑚 

 

(8) 

Using above equation ∆𝜔𝑚 is obtained as 

follows:  
 

∆𝜔𝑚 =
1

2𝐻𝜔0
 𝑠 + 3𝐾𝑜𝑝𝑡𝜔𝑚0

2 ∆𝑃𝑚 

+
𝐻𝑣(𝑠)𝜔𝑚0

     
2𝐻𝜔0

 𝑠 + 3𝐾𝑜𝑝𝑡𝜔𝑚0
2 ∆𝜔 

(9) 

 

Substituting equation (9) into equation 

(6): 
 

∆𝑃𝑒 =
3𝐾𝑜𝑝𝑡𝜔𝑚0

2

2𝐻𝜔0
 + 3𝐾𝑜𝑝𝑡𝜔𝑚0

2 ∆𝑃𝑚 

  −
2𝐻𝐻𝑣(𝑠)𝜔𝑚0

 𝑠

2𝐻𝑠 + 3𝐾𝑜𝑝𝑡𝜔𝑚0
 ∆𝜔 

(10) 

 

As shown in equations (9) and (10), 

virtual inertia just causes mechanical speed 

and output electrical power shift when there 

is a system frequency shift and mechanical 

speed would not be zero at the same time. If 

we determine 𝜔𝑚0
  as zero, 𝑀𝑣 value would 

be zero too and wind turbo generators would 

work without virtual inertia. Using the virtual 

inertia in DFIGs control system, output 

electrical generator power on low frequencies 

is shown as follows:  
 

𝑃𝑒 = 𝑃𝑚
𝑜𝑝𝑡

− 𝑀𝑣𝜔𝑚0

𝑑𝜔

𝑑𝑡
 (11) 

 

3. UNDERSTUDY MICRO-GRID 
 

The understudy micro-grid in this paper is 

shown in figure 1 that consists of two 

outspread generation unit. Unit 1 is a wind 

turbine equipped with DFIG with 2.5 MVA 

capacity and unit 2 is a gas turbo generator 

with 2.5 MVA capacity equipped with 

frequency control system. Load and lines 

specifications is denoted in reference 3. As it 

is shown in figure 2 when we disconnect 

switch b2 the micro-grid detaches from 

principle grid and operates on islanding 

mode. 𝐺1(𝑠) and 𝐺1(𝑠) transfer function in 

order equals the first and second part of 

equation 10. Factors value used in block 

diagram, is denoted in table 1. 

In the understudy system, the gas turbo 

generator controls the frequency. Since 

power produced by the wind turbine is 

variant due to wind speed variation, the 

system frequency shift is evitable. By the 

way. the appropriate function of the 

frequency control system that is droop 

control, has a major importance in wind 

turbines with variant speed. 

Equation 12 realized as a droop equation 

indicates frequency shift relation with power 

shift on steady mode:  
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Table 1. Used factors value in understudy system for transfer functions [17]. 

 

Parameter 𝑻𝑮(𝒔) 𝑻𝑻(𝒔) 𝑻𝑺(𝒔) H 𝑲𝒐𝒑𝒕 𝑲𝑺 

Value 0.81 0.49 2.9 2.8 
0.74

2 
1.7 
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Fig. 1. Microgrid under consideration [17]. 
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Fig. 2. Understudy micro-grid block diagram. 

 

𝜔 − 𝜔0 = −𝐾𝑝(𝑃 − 𝑃0) (12) 

 

As noticed above the less 𝐾𝑝 value the 

better frequency adjustment on steady mode. 

Although as 𝐾𝑝 shrinks dynamic system 

stability castrates. Figure 3 indicates the root 

locus due to 𝐾𝑝 factor value shift without any 

virtual inertia. At understudy micro-grid 

instability boundary via 𝐾𝑝 value is 107 and 

fewer values cause micro-grid instability. 

Figure 4 shows the virtual inertia addition 

effect on the root locus. In this mode 𝑀𝑣 is 

equaled 50 seconds. 
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Fig. 3. Understudy root locus without any virtual inertia affected by 𝑴𝒗. 

 

 

 

 

 

Fig. 4. Understudy root locus with virtual inertia affected by 𝑲𝒑. 
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Fig. 5. Understudy root locus affected by 𝑴𝒗. 

 

 

 

Fig. 6. Frequency variation as 𝑴𝒗 different values and 𝑲𝒑 in equation 10. 

 

Figure 4 denotes that virtual inertia 

addition leads to improvement of the 

understudy micro-grid stability so that the 

system would be steadily equal to 1 even by 
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𝐾𝑝 low values. 

In Figure 5 system root locus considering 

𝑀𝑣 variation is shown. In this mode 𝐾𝑝 value 

is supposed 114 constant. In order to watch 

the virtual inertia effect on root locus 𝑀𝑣 

value varies between 0 and 50 seconds. As 

seen in figure 5 𝑀𝑣 value increment improves 

system stability. 

In figure 6 and 7, the system frequency 

variation via 𝐾𝑝 and 𝑀𝑣 different values and 

load step-like variation at 0.2 seconds are 

shown. As shown in Figure 6, 𝑀𝑣 increment 

improves system dynamic stability. This 

way, 𝑀𝑣 increment does not have any effect 

on frequency loss in steady mode. Figure 7 

shows a particular mode that 𝑀𝑣 value equals 

10 constantly. Thus, it denotes that 𝐾𝑝 value 

reduction reduces frequency loss in steady 

mode. Although 𝐾𝑝 decrement and 𝑀𝑣 

increment improve dynamic stability and 

system frequency adjustment, but virtual 

inertia usage has some limitations. According 

to equation 10, it is not possible to use virtual 

inertia at low and high wind speeds due to 

wind turbine stop. 

In this mode, low values of 𝐾𝑝 cause 

system instability. On the other hand, if there 

is confusion in system frequency at high wind 

speeds and 𝑀𝑣 high values, the generator will 

produce additional power by virtual inertia 

control loop operation, and generator 

temperature increases that may be over-

limited. Thus it is not possible to increase 𝑀𝑣 

till a high value due to these limitations 

because the system would be going to have 

frequency loss and weak dynamic stability.  

 

4. PROPOSED FREQUENCY 

CONTROL SYSTEM 
 

In order to adjust the frequency and steady 

mode fault elimination, in classic load-

frequency control systems a control loop 

consisting of an integrator is added to the 

control system.  

By the way, these classic load-frequency 

control systems do not operate well up to 

controlling factors uncertainty. One of them 

is system input factors uncertainty or factors 

that exist in the system. In the understudy 

micro-grid classic load-frequency control 

system cannot operate well due to 𝑀𝑣 and 𝐾𝑝 

factors uncertainty. 

As mentioned in the last part, 𝐾𝑝 value 

decrement causes frequency variation 

reduction in steady mode although reduces 

dynamic system stability. It is not also 

possible to increase 𝑀𝑣 to a high value due to 

thermal limitations. In order to improve 

dynamic stability, frequency variation 

reduction in steady mode and also 

appropriate operation of frequency control 

system while 𝐾𝑝 and 𝑀𝑣 different 

parameters, in this paper a 𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞  

combined strict controller is suggested.  

𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞ combined strict controller is 

used in reference [21-23] for the load-

frequency control loop. This controller is a 

multi-purpose combined controller that is 

used to assure closed-loop system operation 

and stability up to high frequencies that are 

not dynamically modeled. 

Not only 𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞  combined strict 

controller can operate as a strict and flexible 

control but also optimizes operation at 

frequency region. Indeed,  𝐻∞  combined 

strict controller is more suitable than 

𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞  strict controller because besides 

the strict stability, it has optimized operation 

in the load-frequency control loop. 
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To design this controller first we should 

obtain system transfer function shown in 

Figure 2 according to ∆𝜔 to 𝐿𝑜𝑎𝑑 𝑅𝑒𝑓  ratio. 

System transfer function 𝐺𝑚(𝑠) displays 

𝑘𝑁(𝑠) to 𝐷(𝑠) ratio so that 𝑁(𝑠)  and 𝐷(𝑠) 

indicate system zeros and poles. The main 

form of this transfer function is shown as 

follows: 
 

𝐺𝑚(𝑠) =
𝑘𝑁(𝑠)

𝐷(𝑠)

= 𝑘
(𝑠 + 𝑧1)(𝑠 + 𝑧2)…

(𝑠 + 𝑝1)(𝑠 + 𝑝2)…
 

(13) 

Where 𝑝𝑖 and 𝑧𝑖 and 𝑘 values are in Table 2. 

 

 

 

Fig. 7. Frequency variation as 𝑲𝒑 different values and 𝑴𝒗. 

 

Table 2. Factors value in the transfer function 𝑮𝒎(𝒔). 

K 3821 P1 -9.001 

Z1 -9.002 P2 -2551 

Z2 -2650 P3 -21.61 

Z3 -12.78 P4 -4.25 

Z4 -5.026 P5 -1.999 

Z5 -2.500 P6 -1.765 

Z6 -2.001+j 0.310 P7 -0.514+j 10.12 

Z7 -2.001-j 0.310 P8 -0.514-j 10.12 
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Table 3. Factors value in the transfer function 𝑮𝒎(𝒔). 

𝜹𝒌𝒑 𝑲𝒑
′  𝝆𝒌𝒑 𝜹𝒎𝒗 𝒎𝒗

′  𝝆𝒎𝒗
 

-117.02 103.54 24.03 -48.36 12.12 19.88 

 

+ +

+

_

+
_

_

.Load ref
1

1+csT

1

1+TsT 1+

S

S

k

sT

1

PK

 LP

 mP

1
 DGP

1( )G s 2 ( )G s

 m

kp

mv

 

 

 

Fig. 8. Understudy block diagram with uncertainty. 

 

4.1. System Uncertainties Modelling 
 

According to the understudy system block 

diagram 𝑀𝑣 and 𝐾𝑝 factors variation effect 

could be applied in the following relations: 
  

1

𝐾𝑝
=

1

𝐾𝑝
′(1 + 𝜌𝑘𝑝𝛿𝑘𝑝)

 

=
1

𝐾𝑝
′
−

𝜌𝑘𝑝

𝐾𝑝
′
𝛿𝑘𝑝(1 + 𝜌𝑘𝑝𝛿𝑘𝑝)

−1
 

= 𝐹(𝑀𝑘𝑝, 𝛿𝑘𝑝) 
 

 

(14) 

We have 0 < 𝜌𝑘𝑝 < 1  and 𝐹(𝑀𝑘𝑝, 𝛿𝑘𝑝) 
 

is uncertainty matrix appearance via 𝐿𝐹𝑇 

form is for uncertainty and as a result:  
 

𝑀𝑘𝑝 =

[
 
 
 
 −𝜌𝑘𝑝

1

𝐾𝑝
′

−𝜌𝑘𝑝

1

𝐾𝑝
′ ]
 
 
 
 

 (15) 

 

The same for 𝑀𝑣 we have:  
 

𝑚𝑣 = 𝐹(𝑀𝑘𝑝, 𝛿𝑘𝑝)
 
 

𝑀𝑚𝑣
= [

0 𝑚𝑣′

𝜌𝑚𝑣
𝑚𝑣′

] 

 

(16) 

At above relations 𝜌𝑚𝑣
,𝑚𝑣

′ , 𝛿𝑚𝑣 , 𝜌𝑘𝑝, 

𝐾𝑝
′ , 𝛿𝑘𝑝 in order are: virtual inertia variation 

percentage, virtual inertia normal value, 

virtual inertia variation limitation, droop 

factor variation percentage, droop factor 

normal value, and droop factor variation 



106                                                                         Mavali, Naderi Saatlo.  Robust H Infinity Control of Micro-Grid … 

limitation. These factors’ values are given in 

Table 3. 

This way we can replace matrixes of 𝐾𝑝 

and 𝑀𝑣 factors with applied changes (that are 

shown above) in the understudy system block 

diagram. Understudy micro-grid block 

diagram considering 𝑀𝑣 and 𝐾𝑝 is shown in 

figure 8. 

In order to design a strict controller we 

can see the simple block diagram shown in 

Figure 8 as the block diagram shown in 

Figure 9. 

 

4.2. Control Problem Definition 
 

As already mentioned, the purpose of this 

paper is to strict controller design for system 

so as assure system stability and operation 

nevertheless system uncertainties. Also, we 

want to minimize the control signal energy 

average. So we suppose 𝐾(𝑠) strict controller 

(shown in Figure 9) as a 𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞ 

controller. This way system uncertainties are 

shown as l ft above and wp, wu and we are 

weight functions. So control problem is to 

find a controller that supports these terms: 

 

+



( )G s

 m

1Z
2Z

3Z

eW

( )K s ( )mG s

uW

pW

0

 
Fig. 9. Close loop system construction with controller and weight functions. 

 

 
Fig. 10. Desirable system dynamic step response. 



Signal Processing and Renewable Energy, September 2023                                                                                                  107 

 
Fig. 11. Frequency response and close-loop system special value curve. 

 

𝑌𝑜𝑝𝑡 = 𝑀𝑖𝑛
𝑦

||
𝑊𝑝𝑇

𝑊𝑒𝑆
|| < 1 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜: ||𝑊𝑢||
2

< 𝛾2 

(17) 

 

Here t is close loop system transfer 

function that is as same as the sensitivity 

supplement function and s is the system 

sensitivity function. 

It means that optimization occurs only for 

making an optimized compromise between 

strict stability and efficiency in a normal 

infinity region. In addition to strict stability, 

stability optimization and control system 

efficiency are added to the problem.  

 

4.3. Choosing Weight Functions 
 

Weight functions play a principal role in 

frequency response forming and approach to 

desirable form. These functions are obtained 

by identity methods and system primary 

science. 

To compute 𝑊𝑒  for desirable response 

achievement in time region, landing time (ts) 

should be less than 1s and jumping time (m) 

should be less than 20 percent. Thus, if a 

closed loop system has a second-order 

dominant dynamic, we would have:  
 

𝑀 = 𝑒𝑥𝑝(
𝜋𝜉

√1 − 𝜉2
) < 0.2 → 𝜉

> 0.45 → 𝜉 = 0.5 

(18) 

 

𝑇𝑠 =
4

𝜉𝜔𝑛
< 1 → 𝜔𝑛 > 8 → 𝜔𝑛

= 10
𝑟𝑎𝑑

𝑠
 

(19) 

 

𝑇𝑖𝑑(𝑠) =
𝜔𝑛

2

𝑠2 + 2𝜔𝑛𝜉 + 𝜔𝑛
2

=
100

𝑠2 + 10𝑠 + 100
 

(20) 

 

Desirable system step respond 𝑇𝑖𝑑(𝑠) that 

is plotted in Figure 10, shows that this ideal 

transfer function has all desirable 

expectations.   

Now regarding design purpose that is 
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||𝑊𝑒||∞ < 1, we can compute 𝑊𝑒  transfer 

function using these relations: 
 

𝑆(𝑠) = 1 − 𝑇𝑖𝑑(𝑠)

= 1

−
100

𝑠2 + 10𝑠 + 100
 

(21) 

 

𝑊𝑒 <
1

𝑆(𝑠)
 (22) 

 

In order to achieve system stability 

increment, we move the pole located on the 

transfer function origin and add a far pole 

until obtain a pure weight function. So 𝑊𝑒  

becomes as follows: 
 

𝑊𝑒

=
𝑠2 + 10𝑠 + 100

(𝑠 + 0.01)(𝑠 + 10)(1 + 0.001𝑠)
 

(23) 

 

According to Figure 9, we can conclude that 

𝑊𝑝  is as same as 𝑊𝑒  weight function. Also 

regarding equation 19 and the control signal 

optimized value produced by 𝐾(𝑠) 

controller, it is simple to assume 𝑊𝑢 = 1. 

4.4. Combined Controller Design 

 

After the weight functions definition, the 

controller is designed by a strict control 

toolbox of MATLAB software. Obtained 

strict controller special values 𝐾(𝑠) are listed 

in Table 4. As shown in Table 4, the design 

result is a 10-order controller in order to 

simplify it, controller order is reduced to 5 

orders by strict control toolbox equipment of 

MATLAB software usage. 

Figure 11 displays the closed-loop system 

maximum value 𝛿𝑚𝑎𝑥 and weight function 

frequency response. As it is obvious, terms in 

equation 18 are verified. 

According to Figure 11, the closed loop 

system maximum value is flat in a wide 

frequency range and the maximum value is 

0.9416. 

Figure 12 shows the final understudy 

system modeling with a designed strict 

controller. 

 

5. SIMULATION RESULTS 
 

Figures 13 and 14 denote 𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞ strict  
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Fig. 12. System block diagram with controller. 
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Table 4. Factors value in the transfer function 𝑮𝒎(𝒔). 

Order (n) 10 5 

λ1 -2531.14 -256.32 

λ2 -998.25 -998.99 

λ3 -1435.62 -1444.10 

λ4 -59.12 + j 57.31 -59.13 + j 54.71 

λ5 -59.12 - j 57.31 -59.13 - j 54.71 

λ6 -11.52 - 

λ7 0 - 

λ8 -5.01 - 

λ9 -2.00 + j 0.09 - 

λ10 -2.00 - j 0.09 - 

 

 
Fig. 13. 𝑹𝒐𝒃𝒖𝒔𝒕 𝑯∞ controller effect on frequency adjustment via 𝑲𝒑 = 𝟏𝟎 and 𝑴𝒗 different factors. 

 

controller addition effect on frequency 

control system with virtual inertia. In Figure 

13, the controller effect on 

frequencyadjustment via 𝐾𝑝 = 10 and 𝑀𝑣 

different values are shown. As it is shown 

against 𝑀𝑣 different values, frequency steady 

mode fault is always zero. According to 

Table 4, the reason for steady fault  
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Fig. 14. 𝑹𝒐𝒃𝒖𝒔𝒕 𝑯∞ controller effect on frequency adjustment via 𝑴𝒗 = 𝟏𝟎 and 𝑲𝒑 different factors. 

 

elimination is the existence of a pole in origin 

𝜆 = 0 that operates as an integrator. Also, 

figure 13 shows that 𝑀𝑣 value increment 

improves dynamic system response and 

reduces maximum frequency variation in 

transient mode. 

Figure 14 shows the strict controller 

effect on frequency adjustment via 𝑀𝑣 = 10 

and 𝐾𝑝 different factors. As it is obvious up 

to 𝐾𝑝 different values, frequency steady 

mode fault is always zero. Besides, 𝐾𝑝 

different values do not affect the maximum 

frequency variation in transient mode. Also 

according to the curve 𝐾𝑝 increment, reduces 

the transient mode vibrations. 

 

6. CONCLUSION 
 

Regarding to stability matter and frequency 

adjustment in micro-grids, we can improve 

grid stability using virtual inertia 

accomplishment. But virtual inertia 

appropriate operation has some important 

problems due to uncertainty existence in 

system model. Thus, in this paper 

𝑅𝑜𝑏𝑢𝑠𝑡 𝐻∞ combined strict controller is 

suggested and designed so that this controller 

be strict against droop factor uncertainties at 

governor system and virtual inertia and also 

improves system stability. 
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