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Voltage and Frequency control of standalone 1-ϕ 
Microgrid Using Adaptive Sliding Mode Control 

Algorithm (ASMCA) 
                                                                                        P. Harish, I. Kumara swamy, N.Gireesh 

Abstract— In this contribution, 1-ϕ standalone microgrid configuaration using hydro, wind, solar and Battery Energy Storage System (BESS), all 
those generating sources interconnecting one 1-ϕ Voltage Source Converter (VSC). The VSC controls with the assistance of Adaptive Sliding 
Mode Control Algorithm (ASMCA). The ASMCA is utilized to assess the reference source current which controls the VSC and regulates the volt-
age and frequency of the microgrid in addition to harmonics current extenuation and power balance is found highly suitable, stable and robust for 
such highly nonlinear micro-grid system, and also It is well known that the dynamic variation of solar insolation levels and sudden variation of wind 
speeds to maintain the PCC voltage at reference value. Proposed microgrid results are analyse in MATLAB/SIMULINK. 
Index Terms—Hybrid microgrid systems, ASMCA, BESS. 

1 INTRODUCTION                                                                     

HE amalgamation of non-conventional energy sources 
like wind, PV and conventional energy source such as 

hydro with Battery Energy Storage System are presently well 
predictable. The utility of microgrid as controlled entities re-
connoiters the possibility of organizing standalone non-
conventional energy sources so that they behave as a single 
manufacturer of electrical energy to reward the full benefits of 
non-conventional energy sources in a reliable and adaptable 
way. The balance of electrical energy and system parameter 
control are the important features of the microgrid. 
The growth of operative frequency and control of voltage 
scheme is essentially desired in order to achieve proper inte-
gration of non-conventional energy sources (NCES) [1] - [2]. 
Depending upon the development of appropriate control ar-
rangement, a microgrid is having competence to activate in 
both standalone as well as grid tied modes of operation [3] - 
[4]. In grid tied microgrid, the central grid supplies the dis-
crepancy power and absorbs the excess power in a grid tied 
microgrid system in order to sustain power balance which in 
turn controls the system frequency. Whereas, in a standalone 
microgrid, the balance of active and reactive powers, is at-
tained using controlling the power flow among the various 
components of the microgrid [5] - [6]. The voltage, frequency, 
true and reactive powers are the main system parameters re-
quired to control the operation of the microgrid [6]. Battery 
Energy Storage System allows the large scale amalgamation of 
erratic energy sources [6]. In spite of its assistances, the capaci-
ty of Battery Energy Storage System is not abundantly con-
sumed in the microgrid system so far [8]. Power electronic 
control of cohesive non-conventional systems has been delib-
erated broadly in [9] - [10]. The main task in control of 
standalone microgrid comprises the power balance and sys-
tem voltage control [11]. Normalized adaline based control 

algorithm and other control schemes of 1-ϕ self-excited induc-
tion generator serving fluctuating loads is stated in [12]-[17]. 
The contrast among PV array MPPT methods are deliberated 
in [18]. In this work, the design and implementation of 
ASMCA [19] of 1-ϕ microgrid system is projected. It consists 
of three main   non-conventional energy sources such as mi-
cro-hydro, wind and solar PV based generation. 

2 HYBRID MICROGRID GENERATION 

2.1 Micro Hydro Power Generation (MHPG) 
In MHPG the kinetic energy developed due to gravity in a 
falling water from upper to lower head is utilized to rotate a 
turbine to generate electrical power. 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Micro hydro generation configuration 

The energy is extracted from the water depends on the volume 
and on the difference in height between the source and the 
water outflow, which is called the head. In order to get very 
large head, water for a hydraulic turbine may be run through 
a large pipe called a penstock, shown in Fig. 1. 
Per unit turbine flow in terms of water time constant and 
head. 
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q = per-unit water discharge 

sh = static head of the water column  

h = head at the turbine admission  

lh = per-unit conduit head losses 

L = length of the conduit section 

A = cross section area of the penstock  

g = gravitational force 

The function of flow and toque of Francis turbine are given by 
Equation 2 and 3 

)2(),,( yxHQQ =     

)3(),,( yxHMM tt =   
Where  
Q = flow rate  
Mt = turbine torque 
H = hydro-turbine water head 
Y= gate opening 
x = hydro turbine speed.  
When the parameters of turbine vary in the small range at a 
stable operating point, the above two functions for water flow 
and toque can be linearized (Equation 4 and 5) as: 
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The developed power, Pm in turbine can be written as 
)6()( nltm QQHAP −=   

Where, tA  is the turbine gain, nlQ  is the no load flow rate. 
The load impedance model of SEIG can be expressed as fol-
low, 
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The excitation capacitor model can be expressed as,  
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2.2 Wind Power Generation 
The wind energy conversion systems are acclimated to convert 
wind energy into different forms of electrical energy utilizing 
a wind turbine and a potency conversion. 

 
 
 
 
 

 
         Fig. 2. System configuration for micro wind generating system 
 
As shown above Fig.2 the basic parts of micro wind systems 
are, 
Gearbox – to regulate the speed to required manner. 
Boost converter – to stepping up voltage. 
Alternator or generator - to transform the rotational    energy 
into electricity. 
 Wind turbine mechanical power  

( ) )11(,5.0 3
wpt AVCP ρβλ=   

( ) )12(6.4.32.1,
5

CeCC
i

CCC i

C

p +



 −−=

−
λβ

λ
βλ     

Where  
Ρ = the air density (kg/m3) 
A = the area swept by turbine-rotor blades  

wV = the wind speed  

pC = the power coefficient of the turbine 

C1=0.5176,  
C2=116,  
C3=0.4,  
C4=5,  
C5=-21,  
C6=0.0068. 
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2.3 PV Generation 

Converting solar energy to electricity energy by use of photo-
voltaic cell is key element to get energy supply for our society 
profitable in the future. This energy can be network associated 
or it can be disengaged or independent power creating 
framework that relies upon the utility, area of load region, 
availability of power grid nearby it. 
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               Fig. 3. Standalone-PV generator system 

In standalone PV generator system the charge controller helps 
to predict overcharging of a battery as shown in Fig.3. 

 
                 Fig. 4. Equivalent circuit of a solar cell 
The above Fig.4 shows equivalent circuit of solar cell consists 
of single diode model, PV panel is designed for specific rating 
by using the following equations, by applying KCL to the 
above circuit we get, 

)16(rsSPhPV IIII −−=

( )[ ] )17(
1000) 



−+=

STTkII refCiSCph  

)18(
1exp











−








=

CS

OC

SC
rs

kATN
qV
I

I

)19(

101

exp
3


















































−












=

kA
TT

qE

T
TII Cref

g

ref

C
rsS

( )
)20(1exp












−







 +
×−=

CS

S
SpphPpv AKTN

RIVq
ININI              

Here,      

phI
-light generated current. 

SI =Diode saturation current. 

rsI =Reverse saturation current. 

pvI
= Output current of PV-cell. 

3 BLOCK DIAGRAM REPRESENTATION OF SINGLE-
PHASE MICROGRID SYSTEM 

The block diagram representation of 1-ϕ microgrid system 
uses proposed control algorithm as shown in Fig.5. In this 
microgrid consists of micro hydro driven SEIG, PMBLDC 

driven by wind turbine, solar PV array generation and BESS. 

 
             Fig. 5. Block diagram representation of 1-ϕ microgrid 
Among all the renewable energy sources, micro-hydro system 
which generates AC power and directly caters to the load. 
Remaining two generating sources generating DC power, 
which is connected to load via voltage source converter. If the 
generation of conventional energy source is less than the de-
mand at that instant non-conventional energy sources supplies 
the additional power through VSC to load. If all three generat-
ing sources is less than the demand, at that instant BESS comes 
in to the action to compensate the additional power to require 
demand of the load. 

4 ADAPTIVE SLIDING MODE CONTROL  
An adaptive sliding mode control based algorithm is devel-
oped to estimate the reference source current and switching 
pattern for VSC of microgrid. The block diagram of proposed 
ASMCA is shown in Fig. 6. Under varying load conditions to 
maintain the PCC voltage at reference value. 
The magnitude of terminal voltage of the single-phase SEIG is 
estimated as, 

        
)21(22

qpt vvV +=
 

   

Where pv
and qv

are the in-phase and quadrature constituents 
of the microgrid AC voltage. The quadrature constituent of 
microgrid AC voltage is estimated and generated using fre-
quency estimation and phase shifting (FEPS) block. 
The microgrid AC voltage may be expressed as, 
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Where  

pv
= instantaneous AC voltage,  

tv = amplitude of voltage 
ω = angular frequency of the microgrid AC voltage. 
The in-phase and quadrature unit templates of microgrid AC 
voltage are derived as, 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 9, Issue 6, June-2018                                                                                           128 
ISSN 2229-5518  
 

IJSER © 2018 
http://www.ijser.org 

 )23(,
t

p
p

t

q
q V

v
u

V
v

u ==  

The proposed control algorithm is a combination of two con-
trol loops. First loop controls its voltage by injecting an adjust-
able reactive power and other loop balances active power 
among various energy elements in the microgrid. 

4.1 Estimation of In-Phase Part of Reference Source 
Current 

The ASMC extracts active power part of load current as fol-
lows. If the, 

)(tu p = in-phase unit template of microgrid AC voltage 
)(tih = harmonic current component, have equal frequency,  

1pM = multipliers output  

pX = consists of direct and alternative current (DC and AC) 

components.  
)(tWp = real power weight component of load current. 

2PM = The output of an integrator  
)(tiLpf = Fundamental real power component of load current. 

)24()()()( kikiki LfLh −=  

The 1pM multiplier’s output pX at thk sampling instant is as, 

)25()()()( kikukX hpp =    

The output of integrator pI at thk )1( + sampling instant is 

estimated as, 
{ } )26()()()()()()1( kikikikAukWkW LqfLpfLppp −−+=+   

The error in system frequency at thk sampling instant is esti-
mated as, 
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Where  
f*(k) = reference frequency  
 f = system frequency.  
The derivative of system frequency error is calculated as, 

}{ )28()1()(1)( 1121 −−== kxkx
T

kxx   

)(2 kx = derivative of the system frequency  
)(1 kx = error signal 

 Where 1x  and 2x  are the state variable of the system and T is 
the sampling interval.  
The switching hyper plane function of the frequency loop of 
the ASMC algorithm is given as, 

)29(2211 xxG ζζ +=   

Where 1ζ  and 2ζ  are the gain constants of switching 
hyperplane function of the frequency loop. 

G is a switching hyperplane function on the locus of active 
power constituent of the load and 1/Z represents a unit delay. 
The switching function is defined as,  

a = +1     if >0  

a = -1      if <0  

b = +1     if >0  

b = -1      if <0  

balP = the power balance constituent   
)30()( 2211 bxhaxhkPbal +=   

Where  

1h and 2h  = gain constants of ASMC.  
The amplitude of the real power constituent of the reference 
AC source current *

pi is estimated as, 

 )31(*
pbalp WPI −=  

The instantaneous active power constituent of reference 
source current is estimated as, 
   )32(***

ppp uIi =   
4.2 Estimation of quadrature Part of Reference Source 

Current 
The Mq1multiplier’s output qX at thK  sampling instant is as, 

)33()()()( kikukX hqq =   

The output of integrator qI  at thK )1( +  sampling instant is 

estimated as, 
{ } )34()()()()()()1( kikikikAukWkW LqfLpfLqqq −−+=+    

Where,  

)1( +kWq  and )(kWq are the outputs of integrator qI at 
thK )1( +  

and thK sampling instants.   

The voltage error in microgrid AC voltage at thK  sampling 
instant is given as, 

)35()()(* kVkVV ttrefter −=   
The reactive power constituent of reference source current is 
calculated as, 
The voltage error terV is calculated using (35) is processed in a 
PI controller used to control the microgrid AC voltage. The 
output of PI controller at thK sampling instant is as, 

{ } )36()()1()()1()( kVkkVkVkkIkI teribterterpbQQ ++−++=    
Where 

pbk  and ibk  = the proportional and integral gain constants of 

the PI controller employed for microgrid AC voltage control. 
 The amplitude of reactive power constituent of reference 
source current is estimated as,  

qQq WII −=*                                          (37) 
The reactive power constituent of reference source current is 
calculated as, 
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4.2 Estimation of total Reference Source Current 
The total reference control current (is*) is estimated as, 
( ) )39(***

qps IIi +=   

This reference control current )( *
si  is compared with sensed 

source current )( si  to calculate the current error constituent as, 

  )40(**
ssser iiI −=  

 
Fig. 6. Control algorithm of Adaptive Sliding Mode Control (ASMC)   

5 RESULTS AND DISCUSSION 
This section presents the results of dynamic performances of 
microgrid. 

5.1 Dynamic Performance of Proposed Microgrid 
The effect of change in insolation level of PV and step change 
in wind speed and load are taken into consideration to verify 
the dynamic performance of the proposed control. 

5.1.1 Dynamic Performance of Proposed Microgrid at a      
Step Change in Solar Insolation Level 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
Fig. 7. Dynamic performance of the Vs, Is, Ipv and Ibattery, with the step 
increase in insolation level. 

 
The dynamic execution of SEIG current is appeared in Fig. 7, 
with the progression increment in insolation level does not 
bring about any unsettling influence or change in stack cur-
rent, as showed in Fig. 8. The dynamic execution of the 
framework voltage, SEIG present, sunlight based PV-exhibit 
current and battery current with the abatement in insolation 
level are shown in Fig. 9. The progression diminish in insola-
tion level causes an abatement the sunlight based PV-cluster 
current with a similar incline and it therefore diminishes the 
battery current yet it doesn't exasperate the framework AC 
voltage, stack current or framework recurrence. The battery 
current goes from charging to releasing mode so as to recap-
ture the power adjust in the framework as appeared in Fig. 9. 

 
            Fig. 8. Dynamic performance of IL, Ivsc, Idc with ASMC 

 
Fig. 9. Dynamic performance of step decrease in solar insolation level with 
ASMC 
The outcomes demonstrate that in light of this progression 
increment in sun oriented PV-exhibit yield current, the con-
troller builds the charging current of the battery to redirect the 
surplus produced energy to BESS so as to control the frame-
work recurrence. 
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Fig. 10. Frequency responses under dynamic variation of insulation level 
changes 
5.1.2 Dynamic Performance of Proposed Microgrid at a 
Step Change in wind speed 
A step increment in PMBLDC generator current is seen in Fig. 
11 while microgrid is following a stage increment in wind 
speed. Test outcomes appeared in Fig. 11 to Fig. 12 demon-
strate the framework reaction to step increment in wind speed. 
The controller expands the battery charging current to redirect 
the surplus produced energy to the battery so as to control the 
framework recurrence. The dynamic reaction of framework 
AC voltage, SEIG current, PMBLDC generator current and 
battery current while the framework following a stage dimin-
ish in wind speed, is exhibited in Fig. 13. A stage diminish in 
PMBLDC generator current does not cause any unsettling in-
fluence in the SEIG current and framework AC voltage as ap-
peared in Fig. 13.Test outcomes appeared in Figs. 11 and 12 
demonstrate that aggregate produced control from each of the 
three sustainable sources turns out to be more than that of 
load, while the framework is following a stage increment in 
wind speed.  

 
Fig. 11. Dynamic response of IL, iVSC, Ipmbldc and Ibattery, while the 
system is following a step increase in wind speed 

 
Fig. 12. Dynamic response of Vs, is, iPMBLDC and ibattery,  
In this way, battery charging current increments to redirect 
surplus energy to the battery with a specific end goal to con-
trol the frequency and voltage. Fig. 12 exhibits the directional 
difference in battery current from releasing to charging mode 
because of a stage increment in PMBLDC generator current. 
This adjust of energy among the different vitality sources is 
accomplished utilizing recurrence circle of the control calcula-
tion. The progression increment in wind speed and PMBLDC 
generator current does not bring on any unsettling influence 
or change in stack current, as showed in Fig. 11. It can be seen 
from test comes about appeared in Fig. 13 that a stage dimin-
ish in wind speed causes a reduction in the PMBLDC yield 
current with a similar slant and it in this manner diminishes 
the battery current. While framework is following a stage di-
minish in wind speed, the battery enters releasing mode from 
charging mode keeping in mind the end goal to recover the 
power adjust in the framework as appeared in Fig. 13. A stage 
diminish in wind speed does not irritate the power quality 
parameters of the microgrid, for example, framework recur-
rence and voltage. It additionally does not cause any variety in 
the SEIG yield current and load current. It can be unmistaka-
bly seen from Fig.13. 

 
Fig. 13. Dynamic response of Vs, is, iPMBLDC and ibattery, while the 
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system is following a step decrease in wind speed 

 
Fig. 14. Frequency responses under dynamic variation of wind speed 
changes 
5.1.3 Dynamic Performance of the Microgrid, While it 
Following a Step Change in Load 

 
Fig. 15. Dynamic response of the proposed system, following a step 
change in wind speed and load 
The dynamic reaction of the heap current, VSC current, SEIG 
yield voltage and framework recurrence while framework is fol-
lowing a stage change in stack is shown in Fig. 15. In this unique 
condition, the proposed control re-evaluates the reexamined 
symphonious and essential receptive power need of the SEIG and 
load and additionally dynamic power need of the heap with an 
amazing dynamic reaction. Here the control changes the ex-
changing design for VSC to remunerate the new responsive and 
dynamic forces need of the framework to direct framework volt-
age and recurrence, individually. Fig.15 demonstrates that 
microgrid voltage and recurrence are reestablished to their evalu-
ated esteem quickly because of sudden change in stack. 

6 CONCLUSIONS 
The proposed SEIG based independent microgrid has incorpo-
rated the three sources, miniaturized scale hydro, sunlight based 
PV, and wind vitality. The ASMC calculation has been viable and 
has great control of the microgrid voltage and frequency. The 
proposed control calculation has likewise enhanced the power 
nature of the microgrid under straight and nonlinear burdens 
and furthermore guarantees the ideal use of BESS and sustainable 
power sources. 
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