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1.Abstract:- 

Maintaining good voltage regulation at output  and having fast dynamic response under 

sudden load fluctuation are extremely important in distributed generation (DG) as well as 

uninterrupted power supply (UPS) systems. This work presents a fixed frequency hysteresis 

current (FFHC) controller, which is implemented on the basis of sliding mode control (SMC) 

technique and fixed frequency current controller with a hysteresis band. The controller have the 

benefit of hysteretic current control having fast dynamic responses and reduces the disadvantages 

of the variable switching frequency. For this work  elliptical sliding surface was taken. These 

have been verified and compared with the carrier based pulse width modulated (PWM) voltage 

controller under the same load fluctuation. The proposed method is then applied to islanded 

single phase - voltage source inverter (VSI) system. The results show that the dynamic response 

is quite faster than that of widely used PWM-controlled inverter systems. The DC voltage that is 

required for the inverter input is supposed to given from the output of PV panel with buck 

converter.In PV system sliding mode control is used to track the maximum power point .Here 

inverter  and buck converter connected to PV array are taken separately. 
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1.1 Introduction 
 

In recent years, researches have been focused on the distributed generation (DG) systems, 

powered by renewable energy sources, such as, micro turbines, fuel cells, photovoltaic and wind 

generation due to the limited fossil fuel and environmental impacts [1]. The above units are 

interfaced to the utility network through the power electronics converter systems. The DG 

systems can be operated either in grid connected or in islanded mode. For the sake of simplicity, 

it is preferable to operate in islanded mode instead of grid connected mode. In the islanded mode 

(when the grid is isolated), the local loads are supplied by the DG system, which is usually act as 

a controlled voltage source. A single phase islanded DG system as shown in Fig. 1, supplies the 

non-linear and critical step changing loads.  

 
Fig. 1. Single-phase islanded DG system. 

 

The above loads deform the desired sinusoidal output voltage of inverter [2]. For all types of 

loads, the total harmonic distortions (THD) of the inverter output voltage should be as per the 

IEEE standard 1547, i.e., less than 5%. Moreover, the closed-loop control system should be 

capable of achieving high performance in the sense of fast dynamic response and robustness 

under sudden load-and line fluctuations [3]. 
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1.2Literature Survey 

In recent past, several control strategies have been suggested for the inverter operations, 

depending on how the error signal is processed [4]. Out of these available techniques, in 

maximum cases, the control methodology  based on constant-frequency pulse width modulation 

(PWM) techniques like dead beat control, conventional PI control, repetitive control, and 

adaptive control have been suggested to improve the robustness and the dynamic response of 

inverter [5], [6]. However, in all the above cases, the control design is normally based on voltage 

mode control, which leads to the output voltage waveform sensitive to the load variations. 

Alternatively, non-linear control scheme, namely, sliding mode control (SMC) strategy has been 

proposed in dc-dc switching regulators [7] since these are well known for their robustness, 

guaranteed stability and good dynamic response under wide range of operating conditions. The 

switching control law of SMC is to drive the state trajectory from any initial point to a perticular 

surface in the state space called sliding or switching surface, and maintain it on this surface for 

rest of time. However, SMC operates at variable switching frequency at which an undesirable 

chattering phenomenon may occur. In order to compensate the above drawback partially, the 

SMC are realized by means of a hysteresis comparator  [8], which also provides a variable 

switching frequency. Several authors have proposed constant frequency SMC by means of a 

variable width hysteresis controller [9],[10] which can however lead to a complex analog 

implementation, thereby involve more cost. Moreover the width of hysteresis band depends on 

the converter parameters. Alternatively fixed frequency SMC can also be achieved by comparing 

an external ramp signal to the switching surface [10]. Hence in these controllers, the switching 

instant does not depends on the switching surface behavior. 
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In this work, a fixed frequency hysteretic current (FFHC) controller is proposed to improve the 

dynamic response of a single phase inverter subjected to a sudden fluctuation of load. The 

proposed controller is designed on the basis of SMC technique. A hysteresis band is employed to 

generate the switching law for the inverter circuit and that has been implemented using a simple 

flip-flop with externally driven constant frequency clock pulses. In spite of this constant 

frequency switching operation, it has all the properties of an ideal SMC such as simple to design 

and good transient performance. Also it acts as a current limiter to prevent the overloading of 

converter, and gives fast transient response under sudden step load fluctuation. 

 

1.3 Objective of research work 

Due to variation of parameters like nonlinear component in the converter or inverter, line 

and load variation, electromagnetic interferences (EMI) the converter or inverter were deviated 

from the desired operating condition. The system will not operate in steady state, if the parameter 

deviation increases. Many control methods are used to control and solve the above problem. All 

control strategy has its own advantages and disadvantages. From this we have to choose a 

particular control strategy which is most preferred under specific condition. A particular control 

strategy is demanded which has the best performances under different conditions. Here load is 

varied and its dynamic performance has to be increased. The thesis defines the cause by which a 

specific control method is selected, i.e. the sliding mode control (SMC), among all control 

methods. A detailed research analysis is done of the sliding mode control is implemented in 

some DC/AC and DC-DC converter topologies. 
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1.4 Motivation 

Now a days the use of renewable energy sources such as solar energy and wind energy is 

increasing due to the detrimental effect of fossil fuel and greenhouse effect. The demand of 

renewable energy system use can be improved by designing controller to operate the system in a 

better way.In case of PV system the task of controller is such that the system should deliver 

maximum power as well as it should operate in better way in grid connected mode. To operate 

the PV system in grid connected mode we require inverter. The task of the controller to track 

MPP is to maintain the PV array voltage at Vmpp at rapidly varying irradiation  and varying load 

condition. The task of the controller used for the inverter is to improve the dynamic response as 

well as voltage regulation in islanded mode as well as grid connected mode. In this thesis, SMC 

controller is designed for islanded inverter as well as for  MPPT of PV system. Through this 

controller, the dynamic performance and voltage regulation of inverter can be improved 

significantly. Also, fast tracking of MPP when there is rapid variation of irradiation, temperature 

and other noise effect. 
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1.5 Organization of Thesis 

The following presents the outline of the work in details. 

Chapter 1: Presents a review on the available literature control techniques of DC/AC converter 

and PV system connected with DC-DC converter. This chapter explains the various types of 

linear and nonlinear control techniques. Among them SMC is the best control method for 

inverter due to its fast dynamic response, good voltage regulation in case of inverter as well as 

fast MPP tracking when there is rapid variation of irradiation temperature etc in case of PV 

system 

Chapter 2: In this chapter the different types of inverter and the control technique such as PWM 

and SMC are explained briefly.Also the MATLAB result of SMC controller is compared with 

that of PWM technique. 

Chapter 3: In this chapter a nonlinear control method(Similar to that of SMC) to track the MPP 

of PV system connected to buck converter is explained.Also the Pspice result is given for 

irradiation variation and load variation. 

Chapter 4: The SMC is implemented to the single phase DC/AC and MMP tracking of PV 

system connected to DC-DC buck converter .The results are verified with the simulation results 

and it includes the thesis conclusions and further research directions. Finally, the researches on 

and applications of the SMC for DC/AC and DC-DC converters are given in details. 
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2.1. Inverter 

Mainly there are two types of inverter that is (1)Single phase invert(2)Three phase 

inverter.In single phase inverter input is dc supply and output is single phase ac supply. Single 

phase inverter may of two type(a)Single phase voltage source inverter (VSI)(b)Single phase 

current source inverter (CSI).In case of single phase VSI  DC side voltage is kept constant by 

connecting large capacitor in parallel to the input, have  low impedance (voltage source, or bulk 

cap) and AC side voltage is square wave or quasi- square wave.AC side current is determined by 

the load connected at the output.Here anti- parallel diodes are connected  to provide energy 

feedback path.(freewheeling diodes , feedback diodes).The VSI circuit has direct control over the 

output voltage. 

           Single phase VSI may of two type 

 Half bridge inverter 

 Full bridge inverter 

2.1.1.Half bridge inverter 

Half bridge inverter consists of two switches S1 and S2 with antiparallel diode. This 

switches may be BJT,thyristor,IGBT,MOSFET etc depending upon the frequency of operation.It 

also have two capacitor Vc1 and Vc2 of equal magnitude which divides the input DC voltage into 

two equal half.The operation of the switch  S1 and S2 are complementary i.e. when S1 is on S2 is 

off and viceversa. 

 

 

 

  Fig2 Half bridge VSI 
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2.1.2.Full bridge inverter 

Full Bridge inverter consists of four switches with antiparallel diode  across 

them.switches S1 and S2 act simultaneously,during this time switches S3 and S4 are in off 

state.After 180 
0
 phase delay  switches S3 and S4 are turned on where as S1 and S2 are turned 

off i.e. operation of switches (S1,S2)  and (S3,S4) are complementary. Antiparallel diode comes 

into action when the load is inductive to provide the energy feedback path. 

 

 

 

                       

In case of single phase CSI input current is kept constant by connecting a large inductor in series 

with the input DC source ,have high impedance (current source, or large inductor).AC side 

current is quasis-quare wave. AC side voltage is determined by the load connected to the output. 

No anti-parallel diodes are needed. Sometimes series diodes are needed to block reverse voltage 

for other power semiconductor devices. The CSI circuit has direct control over the output 

current. 

 

Fig.3 Full bridge VSI 
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Inverter have variable voltage variable frequency properties. Frequency of the output can be 

controlled by controlling the frequency of the gate pulse given to the switch and magnitude of 

the voltage can be controlled by controlling magnitude of the input DC voltage.There are also 

some control methods by which we can control the output voltage of inverter. 

2.2 Pulse Width Modulation in Inverters  

The output voltage of an inverter can be regulated  by regulating the gate pulse applied to 

the gate of the switch of the inverter. One of the method of doing this is by pulse-width 

modulation control used within an inverter. In this method, a constant dc voltage is applied to the 

inverter and a regulated output ac voltage is obtained by changing the on and off periods of the 

inverter switches. This is the commonly used method of regulating the output voltage and this 

method is named as Pulse-Width Modulation (PWM) Control. PWM techniques has the 

following advantages. These are:  

Fig4. Single phase CSI 
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(i) Without using any additional components, the output voltage  can be controlled easily. (ii) 

With this method, the low order harmonics can be minimized with its output load voltage 

control. The higher order harmonics can be suppressed easily and the filtering components  are 

minimized. The main drawbacks of this method is that the switches used are expensive as they 

must have less turn-on and turn-off times. PWM switching in inverters are mostly used in 

industrial applications. PWM switching techniques are characterized by same amplitude pulses. 

The width of the pulses is  modulated to get the desired inverter output voltage with reducing its 

harmonic contents.  

The various PWM switching techniques are given below:  

(a) Single-pulse modulation 

 (b) Multiple pulse modulation 

   (c) Sinusoidal pulse width modulation( Carrier based Pulse Width Modulation Technique)   

2.2.1Single Pulse Width Modulation 

For this modulation technique there is  only one generated pulse per half cycle. The 

output is controlled by changing the width of the gate pulses. The generated gate pulses are 

obtained by comparing a rectangular reference ac signal with a triangular carrier signal. The 

frequency of both signals are nearly equal. 
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Fig. 5 Single Pulse Width Modulation 

 

The rms ac output voltage 

O

2
V 2on

S S

t
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T
 

                                         (1)
 

Where 

=duty cycle= ont

T  

Modulation Index (MI) = r

c

V
 

V
  

Here Vr =  Amlitude of Reference voltage  and Vc = Amlitude of the Carrier wave voltage 

By changing the control reference signal amplitude Vr from 0 to Vc the  width of the pulse ton can 

be adjusted from 0 secs to T/2 secs and the rms value of the output voltage Vo will be  from 0 to 

Vs. 

2.2.2Multiple Pulse Width Modulation 

In this modulation technique, multiple number of output equidistance pulses per half 

cycle are generated. The generated gate pulses are obtained by comparing a rectangular reference 

signal with a triangular carrier signal. The reference signal has the same frequency as that of 

output frequency (fo). The no. of pulses generated per half cycle is estimated by :  
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cfp
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The rms  output ac voltage 

    
P
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




                                 (3)
 

Where =duty cycle= ont

T
 

The changing of modulation index  from 0 to 1, the pulse width changes from 0 to π/p and the 

output voltage from 0 to Vs. 

 

 

Fig.6 Multiple Pulse Width Modulation 
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2.2.3. Sinusoidal Pulse Width Modulation (SPWM):-  

In this modulation process, there are multiple numbers of pulses per half cycle and the 

width of the pulses are different. Each pulse width is changing in according to the amplitude 

change of the sine wave, which is a control wave. The gate pulses are obtained by comparing a 

sinusoidal control signal with a high frequency triangular carrier signal. The rms output ac 

voltage 

2

1

P
V

s
v v

s

p

m
O

m









 
                                                               

 

Where p=pulse number and δ= pulse width 

 

Fig7: Sinusoidal Pulse Width Modulation 

 

 

 

 

 

 

(4) 
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2.3Filter:- 

 

 

 

 

 

Fig.8 Inverter With Filter 

The inverter output voltage is a squre wave which gives zero average value. It has 

harmonics. Also, use of renewable energy source is rapidly increasing in the modern 

distribution networks because of the disadvantage of the nonrenewable energy source. They 

need inverter in order to interface to the grid. The switching frequency of these converters is 

very high and which may introduce high order harmonics that can interfere with 

neighborhood EMI sensitive loads or equipment which are connected to the grid. Selecting a 

higher value of line-side inductance can be a solution, but, this will increase the cost of the 

system and gives the sluggish response. On the other hand, choosing an LCL-filter 

configuration permits the reduction of the inductance value and minimizing the switching 

frequency pollution emitted into the grid. An LC low-pass filter is generally connected at the 

output of the inverter  to minimize the high frequency harmonics component. In certain 

applications like UPS, where pure sine wave is essential, good filtering is must.  Whereas in 

some applications, like AC motor drive, filtering is not important. 
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2.4 Sliding mode signal tracking 

 
Normally, SMC is considered as a good alternative to the control of switching converters. 

The main advantages of such control scheme over classical one are; its robustness, and high 

dynamics performances under parameter fluctuations. The various steps of this control scheme 

can be outlined by using the equivalent control concept, as follows [13,20].The first step is the 

selection of the switching surface S(x; t) (where x is the system state vector), for the single phase 

VSI system, so that, it can act as a reference path for the trajectory of the controlled system. It is 

important to note that for an ideal SMC, it requires an infinite switching frequency, so that, the 

state trajectories in neighborhood of the switching surface can move precisely along the surface. 

But operation of such infinite switching in power electronics inverter system is practically 

impossible. It is therefore necessary a typical control circuit that would require a relay or 

hysteresis function to restrict the infinite switching frequency as shown in Fig. 2(a). Where the 

control signal is defined as 

 
 

 

Fig. 9. Schematic diagram showing the: (a) hysteresis function; and (b) the state trajectory in the 

vicinity of sliding surface S = 0. 

 

                                 
 

(5) 
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Note that, for the hysteresis function (5), one can get the finite switching frequency. The 

switching will occur with the band S = ± ∆, with a frequency depend upon the slope of the 

inductor current iL. This hysteresis function therefore causes a trajectory oscillations within the 

vicinity of 2∆ around the surface as shown in Fig. 9(b). The next step is achieving the equivalent 

control ueq by applying the invariance condition 

0
ds

dt
  (for S = 0 and u = ueq)                      (6) 

The existence of the equivalent control ueq ensures the feasibility of a sliding motion over the 

switching surface  S(x, t) = 0 . Moreover the equivalent control permits obtaining the sliding 

domain, given  

 
Where u

-
 and u

+ 
are the control values for S < 0 and S > 0 respectively. The sliding domain is the 

state plane region where the sliding motion is confirmed. For the final step, the control law is 

ensuring the Lyapunov stability criteria, i.e
2

0
ds

dt
 . The first problem considered here points out 

how the output load voltage v(t) of the single phase full bridge voltage source inverter, shown in 

Fig. 10  can be forced to track the externally given sinusoidal reference voltage sinrefV A t by 

applying the sliding mode control technique. 

 

(7) 
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Fig.10. The proposed FFSMC-controlled single-phase inverter. 

 

 The VSI consists of a dc supply voltage E, a dc link capacitor Cdc, filter elements L and C, a 

load resistance R, and four controllable power switches S1 to S4.The switches are controlled by 

the fixed frequency sliding mode control logic. Assuming all components are ideal, the state 

space equations of VSI can be written in matrix form, as 

 

where i and v are the inductor current and output voltage, and (1, 1)u  is the discontinuous 

control signal, depending on which switches are active, namely, u = -1 corresponds to output 

inverter voltage equal to –E, u = +1 corresponds to output inverter voltage equal to +E 

.Moreover, in accordance with the sliding mode theory [15],the switching surface can be 

(8) 
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designed, which leads to a robust output voltage behavior towards any load variation and source 

fluctuations, due to its independence on converter parameters.  

 

Where e(t) stands for the output voltage error, which is defined as e(t)=vref (t)-v(t) and
p

d

k

k
  . 

The sliding motion provides a first order dynamic transient response over the switching surface 

leading to the desired steady state behavior, that is given in, : 

 

As t  , the steady state response is  

                                                            v(t) = vref (t)  

This conforms a direct tracking of the reference voltage vref (t) of the output voltage v(t). By 

applying the invariance condition to switching surface S(t), the corresponding equivalent control 

is given by 

0
ds

dt
  

By replacing (8), (10) and (12) in the (13) 
 

 

 

 

(9) 

(10)  

(11) 

(12) 

(13) 

(14) 2

2

2

( ) ( ) ( )1 1
(0)

ref ref ref t

eq

d v t dv t v tLC
u e e

E dt RC dt LC RC LC


 

  
       

   
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As can be seen from (10), the constant   has to be selected as large as possible , for a fast 

transient response. However, as per stated in [14], the greater the value of  , the faster the 

transient response, but the greater the equivalent control value . As a consequence, the sliding 

motion over switching surface S(t) can be lost due to the bounds on control. 

2.4.1Constant frequency SMC controlled single-phase VSI 
In order to fix-up the varying switching frequency, we therefore propose a constant-frequency 

hysteresis controller. The schematic diagram of proposed FFSMC-controlled VSI is shown in 

Fig. 10. 

A. Dynamics of 1   VSI and Its Mathematical Model 

A time independent control scheme can be achieved from a time dependent one by 

expressing the switching surface (10) only in terms of the power state variables. The output 

voltage under steady state (12) is given by 

 
Then the switching surface becomes 

 

S( , )= cos arcsin
. . v

v v v A
A


 

  
 

 

 

by using trigonometric properties, the above can be simplified as 

 

2

S( , )= 1 0
. . v

v v v A
A


 

  
 

 

where the - and + signs for 
.
v   and 0

.
v  , respectively.Then (10) can be expressed as 

 

(15) 

(16) 

(17) 
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Equation (11) represents a canonical expression of an ellipse in ( , )
.

v v  plane with centre at (0, 0) 

and  x-intercept and y-intercept A and A respectively as shown in Fig. 11. So by choosing the 

switching surface (19), the desired ac output will be obtained over the surface ( , ) 0
.

S v v  . Now, 

let us define the state variables as 1 vx v and 
2

.
vx v . By considering the sensor gain v , the 

switching surface (19) becomes 

 

 
 

Fig. 11. Ellipsoidal switching surface in the phase plane for the single-phase inverter. 

 

Then, the system dynamics in canonical state variables form can be written as 

 

 
 

(18) 

(19) 

(20) 

(21) 
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Then for ( 1,1)u  the existence condition and the equivalent control can be derived as per the 

Utkin theory [16]. The SMC exists in the vicinity of the switching surface S(x) if the following 

local reachability conditions 
( ) 0

( )
lim 0

S x

dS x

dt
 and 

( ) 0

( )
lim 0

S x

dS x

dt
 or 

( ) 0

( )
lim ( ) 0

S x

dS x
S x

dt
 are 

simultaneously satisfied. The existence condition can be derived by simply substituting the time 

derivative of S(x) 

 

 
 

into this condition, where 1 2

2 2

2 2x( )
     

( )

xdS x
J

dx A A

 
   

 

.Replacing (21) into (22) and applying the 

control law(19), the existence region of SMC can be expressed by 

2 2

1 2 1 22 2

2 ( 1)d vk RLC
x Rx x E

A CR L L






 
   

 
 

                                                                For u=+1 
 

2 2

2 2 1 22 2

2 ( 1)
     

                            For 1 

d vk RLC
x Rx x E

A CR L L

u






 
   

 

 

 

 

Where 1  and 2 are the boundaries of  the existence regions. Unlike [9], [10], both the above 

equations are of the second order with parabolic shape. The limiting boundaries (23) and (24) 

give the necessary region of existence region for SMC. By using the condition 
.
S  and applying 

the (14) the equivalent control can be found by 

 

 

So, this ueq control assures the feasibility of the SMC over the switching surface S(x, t) 

(23) 

(24) 

(25) 

(22) 
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B. Constant Frequency Operation 

The operating switching frequency of the sliding mode control is variable and it depends 

on various factors, like value of hysteresis band, parameters of inverter and the load 

condition[21,24]. So the constant switching frequency operation is highly essential to lock the 

desired frequency of the VSI. This can be achieved by taking a hysteresis comparator followed 

by a S-R flip flop which is set by a clock signal running at the desired operating frequency. At 

every rising edge of the clock, the PWM signal u is set to 1 and it is reset to 0 when the 

switching surface S(x) reaches the threshold of the comparator. The advantages of this scheme 

are its quite simplicity and exact operating frequency during steady state. But during the transient 

operation the switching frequency changes because during this period, two consecutive rising 

edges of the clock may occur without a reset event. Therefore, after obtaining the mathematical 

model (20) and (21) and constant-frequency switching logic presented, we only discuss some 

numerical results. 

2.5 Simulation results 

 
In order to verify the proposed control scheme, the above model has been simulated by 

MATLAB/SIMULINK. The resonant frequency is taken 2.5 KHz to design the low pass LC 

filter. The sampling frequency is100 sec . The parameters required for simulation of a 1 kVA 

inverter are: E = 175 V, V0 =110 V(rms), f = 50 Hz, fs = 20 kHz, L =0.75 mH, C = 66 F , load 

register R = 17 . All the parameters are chosen to attain the best transient performance of the 

system. v  is selected for considering the electronic circuits limitation and the value is              

v  = 0.0454. The parameter kp and kd are chosen to be 11.8 and 410  which keep the tracking 

performances within the minimum level. The phase plane plot of the output voltage v and the 
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voltage derivative 
.
v  are shown in Fig. 12(a) under the proposed ellipsoidal surface sliding mode 

control on full load condition. The system trajectory shown in this Figure moves along the 

curved switching surface with a switching frequency of the clock pulse. The steady state 

response of the output voltage and load current are shown on Fig. 12(b). The THD of the output 

voltage is found about 0.73% at the full load condition.The simulation results of the proposed 

control scheme under step load changes are verified in phase plane to examine the load 

fluctuation effect. Fig. 13 (a) and (b) shows the responses of the controller under step load 

fluctuation by taking the ellipsoidal switching surface. The system trajectory defined in (10) 

takes long time to settle when the fluctuation occurs at outside of the existence region where as it 

will quickly settle at inside the existence region. Similarly Fig. 14(a)and (b) shows the dynamic 

response of the controller under step load change of no-load to full load and full load to no load 

respectively.From the figures, it is observed that the time taken by the proposed controller to 

attain the steady state after load change is 0.6 msec and 0.85 msec for the above two cases. 

 

 

 

 

Fig12. Steady state response at the rated load (a) phase plane plot under 

proposed ellipsoidal switching surface (b) time plot of the of the output voltageand load current. 

 

(b) (a) 
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Fig.13.The system trajectory under load fluctuation (a) hitting in the existance region (b) hitting 

in the non-existance region. 

 

Fig.14Transient response of the output voltage and load current of the proposed controller under 

step load change : (a) from no-load to full load (b) from  full load to no-load. 

 

2.6 Conclusion 

 
In this paper, a FFSMC controller is implemented on the basis of SMC technique for a 

single phase full bridge VSI. Since SMC produces a huge chattering problem, so a hysteretic 

function is employed to generate the switching law.A fixed frequency operation of inverter is 

achieved by a simple flip-flop with the externally driven constant frequency clock pulse 
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3.1 Introduction 
 

From the p-v curve of PV system it is clear that maximum power will be delivered by the 

PV system at a particular voltage that is called the maximum power point(MPP) voltage Vmpp. It 

is always desired that a system should deliver maximum power hence it is required to maintain 

the output voltage of PV system at Vmpp. The Vmpp of a PV system  changes with change in 

irradiation ,temperature ,ageing effect etc.By denoting these time varying parameters (irradiation 

, temperature etc)  as (
1 2,  …) 

p

t




can be written as 

            1 2

1 2

/

..........

noise confusion

p p v p p

t v t t t

 

 

     
  

      
 

There are different control methodology to track MPP such as perturb and observe (P&O), 

incremental conductance method etc. Due to simplicity in implementation P&O method is used 

mostly. In P&O MPPT tracking method the output voltage of PV panel is increased or decreased 

in steps, and the power output is recorded. If the voltage is  increased in the first step and the 

power increases, then voltage has to be  increase another step otherwise if power decreases 

voltage has to be decrease. Similarly if voltage is decreased in first step and power increases then 

voltage has to be decrease another step otherwise if power decreases voltage has to be increase. 

Although implementation is simple When Vmpp changes rapidly due to change in irradiation, 

temperature and other noise parameter then speed of tracking the Vmpp by P&O method 

decreases. Hence for such condition other methodology are choosen. A control strategy for 

tracking of MPP that is based on nonlinear dynamics thepry is as follows.  

CHAPTER3. SLIDING MODE CONTROLLER FOR DC-DC BUCK 

CONVERTER CONNECTED TO PV SYSTEM TO TRACK MPP 

(26) 
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The MPP is automatically the only attractor of the system, which showing a  basin 

of attraction globally. Therefore, the system has ensured to track the MPP automatically under 

normal state and dynamic conditions[25,26]. 

 

Fig .15.I-V and P-V characteristics of PV arrays under different solar irradiation 

3.2 Synthesis of the control algorithm: 

Considering no change in Irradiation and temperature and other noise term in equation(1) 

then eq(1) can be written as           
p p v

t v t

  


  
 

At v=Vmpp we have dpldv = 0. This is generally assumed that the p-v characteristic has single  

global MPP. From the p-v characteristic it can be written that 

mpp

mpp

mpp

0 if V<V

0 if V=V

<0 if V>V  

p

v




 
 



 

A  . . B 

(27) 

(28) 



26 
 

From the above equation it is clear that when v < Vmpp   we have 0
p

v





 ,so to maintain the PV 

module voltage at Vmpp we have to increase the voltage v.On the other hand when v > Vmpp   we 

have 0
p

v





 ,so to maintain the PV module voltage at Vmpp we have to increase the voltage v.But 

when v =Vmpp we do not have to increase or decrease the module voltage v. 

 In differential form the above condition can be written as: 

mpp

mpp

mpp

0 if V<V

0 if V=V

0 if V>V

.v
v

t




  
 



 

In a single equation the above condition can be written as  
.
v  = -k(v-Vmpp), here k is a positive 

constant which represent  the speed of convergence. If the larger value of k is taken, the faster 

the system will track MPP i.e. faster transient response. By Comparing  Eq(28) and (29) the 

overall control methodology can be written as  

. p
v k

v





 

 where k > 0.From this it is clear that sign of 
.
v  depends upon the sign of 

p

v




. Ignoring noise 

effect in (26), we have 

( ) ( )
. .p

p dt v t p v
v


    


. 

 

 

 

(29) 

(30) 
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Therefore, eq(30) can be written as 

. . .
v k p v

  . 

But there are problems during the practical implementation of this equation as 
.
v  appear on both 

side of it. As the value of RHS of the above equation changes it will change the value of 
.
v  on 

the LHS of the equation which will again change the value of the right hand side of the equation 

due presence of 
.
v .As a result a algebraic loop will continue. Due to this algebraic loop a high 

frequency oscillation will occur. Again when 
.
v  become zero RHS of eq(32) have a singularity 

point as well as analogue dividers are not suitable as they have many imperfection. Eq(32) can 

also be written as 2 
. .
v k p  but this will not solve the problem as squaring 

.
v  will not give the 

information regarding the sign of 
.
v .The above problem can resolve By writing eq(32) as   

sgn(
.
v )sgn(

. .
p v ) 

where Sgn is the modified signum function which do not return zero value that is Sgn x = -1 if  

x < 0, +1 if x0 and „‟assigns the value of RHS to LHS of control equation. Again we can 

write sgn(
. .
p v ) as  

sgn ( ) sgn sgn
. . . .
p v p v  

So eq(33) can be written as sgn(
.
v )=  sgn p sgn v

. .
Further to avoid the use of divider we can write 

the RHS of eq(34) as sgn .sgn
. .
p v  as sign of RHS is the only information that we want.Thus 

now eq(33) can be written as 

(34) 

(32) 

(33) 
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sgn(
.
v )= sgn .sgn

. .
p v  

From the above control equation we can find the sign of 
.
v .  When sgn(

.
v ) is equal to +1 

we have 
.
v 0 and when sgn(

.
v ) is equal to -1 we have 

.
v 0 .So accordingly the voltage 

will increase or decrease but not settle at MPP as sgn ( ).  has a discontinuity at MPP.From 

this it is clear that here MPP is is not the equilibrium point rather a complex type of 

attractor. 

3.3 Practical implementation of the control equation 

Here the system consist of PV array connected to DC-DC buck converter, resistive load 

and low pass filter as shown in figure.17. 

 

 

(35) 

Fig. 16. Schematic diagram of proposed MPPT 
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Fig. 17. Schematic diagram of proposed MPPT in PSPICE 

 

Fig. 18. Gerber file generated from PSICE for hardware realization  
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3.3.1. Implementation of RHS of the Control Equation 

To implement the right hand side of the PV control equation we have to sense the PV 

array voltage and current.Then we gave to use multiplier to multiply v and i to find power.Then 

we have to find
.
v  and

.
p using differentiator. The output of the two differentiator is given to two 

separate comparator. With the help of an exclusive-or gate (XOR) two signs can be multiplied 

which can expressed as Boolean.  The XOR output gives a binary signal, showing whether v 

should be raised or reduced. 

3.3.2. Implementation LHS of the Control Equation 

In Fig. 17,when  0
p

v





 we have to increase the PV array voltage to attain Vmpp which 

is done by opening the switch S of the buck converter.On the other when 0
p

v





 we have to 

decrease the voltage to maintain Vmpp which is done by closing the switch S so the capacitor get 

discharged. The switch is open when the Q of D flip-flop has high value on the other hand the 

switch is closed when the output(Q) of flipflop is low.The output of the flipflop depends upon 

the input D which is connected to the output of XOR gate. So the opening and closing of switch 

S depends upon the output of XOR gate. Here output of XOR gate is connected to the flipflop 

clocked at constant frequency l/Ts for the following reason  

(a) to avoid the high frequency chattering and  

(b) to mitigate the impacts of interference produced by the switching action of the buck 

converter.  
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3.3.3. Operating principle of Controller 

 
The overall operation of the controller is written in Table.1.There are two comparator in 

the controller.Each comparator has two state.So the combination of the output of two comparator 

has four state.The output of the comparator with 
.
v  as input will be 1 when 0

.
v   and output will 

be „0‟  when 0
.
v  .Similarly the output of the comparator with 

.
p  as input will be „1‟ when 

>0
.
p  and output will be „0‟ when 0

.
p  .So depending upon  

.
p  and 

.
v   we have four condition 

that is(1) >0
.
p and 0

.
v  (2) 0

.
p   and 0

.
v  (3) >0

.
p and 0

.
v  (4) 0

.
p   and 0

.
v   which is 

shown in Table.1.Here when v<Vmpp switch is kept open so that the capacitor will get charged 

to increase the voltage.On the other hand when v>0 switch is kept close so that capacitor will get 

discharged to decrease the voltage.But it is impossible to stay at MPP exactly, because when  

v = Vmpp switch will be either open or close so the array voltage will increase or decrease little 

beat from that of Vmpp,so the voltage wanders around Vmpp. 

 

   Comparator 

output 

   

Condition .
p  

.
v  pX  vX  S Switch v 

mppV V  0  0  1 1 0 opens increases 

mppV V  0  0  0 0 0 Opens increases 

mppV>V  0  0  1 0 1 closes decreases 

mppV>V  0  0  0 1 1 closes Decreases 

Table.1 Principle f operation of  controller 
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3.4. Pspice Result 

Fig. 19.(a). PV module I-V curve 

Fig. 19.(b). PV module I-V curve 
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Fig. 20.(a). PV module P-V curve 

Fig. 20.(b). PV module P-V curve 
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Fig.21.PV module voltage and converter inductor  current curve With variation 

irradiation 

Fig.21. PV module voltage and converter inductor  current curve Without  any variation  
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3.5.Conclusion 

In this work, a new MPPT technique was proposed which has a simple control method, 

derived from nonlinear dynamics theory. It gives an automatic maximum power point tracking 

method which does not require any information regarding the array characteristics. This 

controller has the simple structure which can be designed with the help of fewer commonly used 

electronics parts. 
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CHAPTER4 

 

Conclusion 

 
In this work, a FFSMC controller is proposed on the basis of Sliding Mode Control  for a 

single phase full bridge VSI. Since SMC produces a huge chattering problem, so a hysteretic 

function is used to generate the switching law. A constant frequency operation of inverter is 

achieved by a simple flip-flop with the externally driven constant frequency clock pulse. A 

ellipsoidal swiching surface is derived in the phase plane. From the simulation results, it can be 

concluded that the proposed FFSMC controller not only give better voltage regulation, but also 

exhibits good dynamic performance under sudden load fluctuation. The total harmonic distortion 

of the inverter output voltage is 0.73% at the rated load. The voltage regulation of 0.8% is 

measured for step load change from zero to 100%. For the sake of simplicity, it have taken a dc 

voltage source as the inverter input supply. Moreover, this control scheme is also applicable to 

the islanded distribution generation (DG) system, powered by the the renewable energy sources 

like pv system, fuel cell system etc. The applications of this controller can also be extended to 

the grid connected. DG systems to mitigate the problems related to load fluctuation.Also the 

MPP of PV system is tracked successfully. 

Future scope 

This control scheme will be extended for grid connected inverter which is applicable for the real 

system. Also the MPP tracking methodology will be repeated for the  BOOST converter as well 

as BUCK-BOOST converter.  
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