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ABSTRACT 

 

This paper presents the planning, implementation, and performance testing of a fuzzy controller based 

predictive controller (NPIPC) for a grid-tied inverter employed in photovoltaic (PV) systems. a traditional 

cascade structure is adopted to style the projected controller, where the outer-loop is employed to manage the 

DC-link voltage, and therefore the inner-loop is intended as a current controller for adjusting the active and 

reactive powers injected into the grid. for every loop, the controller springs primarily based on combining a 

continuous-time nonlinear model predictive control (NMPC) and nonlinear disturbance observer (NDO) 

techniques. It seems that the composite controller reduces to a nonlinear PI controller with a prophetical term 

that plays a very important role in rising chase performance. The salient feature of the projected approach is its 

ability to about preserve the nominal chase performance throughout the startup part. Each simulation and 

experimental results square measure provided to demonstrate the effectiveness of the projected approach in 

terms of nominal performance recovery, disturbance rejection, and current control. 

Keywords: Continuous-time nonlinear model predictive control (NMPC), disturbance rejection, nonlinear 

disturbance observer (NDO), nonlinear PI predictive controller (NPIPC), photovoltaic system, renewable 

energy. 

I. INTRODUCTION 

 

POWER converters are the quintessence of the 

sustainable vitality based power age, and it is 

important to guarantee solid and effective activity of 

the general vitality change framework. An inverter is 

a typical interfacing medium utilized as a part of 

photovoltaic frameworks. The principle assignment of 

an inverter is to control the power trade between the 

inexhaustible sources and the matrix regarding voltage 

and current at framework recurrence that conforms to 

the lattice codes. The stage point between the current 

and the voltage is chiefly chosen by the lattice 

association prerequisite. Typically, the stage point is 

controlled so that there is no responsive power stream 

in the air conditioner transport. Notwithstanding, the 

lattice tied inverter might be compelled to endure a 

fitting responsive power stream to help the lattice 

voltage, e.g., under low-voltage ride through task [1], 

[2].  Under ordinary task, the dynamic power infused 

in the lattice is reliant on climatic parameters, for 

example, sun oriented illumination furthermore, 

temperature. Variety of these parameters may prompt 

control vacillation, which may cause a substantial DC-

connect voltage variety if the PV framework isn't 

controlled legitimately. Subsequently, the power 

variance can be considered as an unsettling influence 

that influences the DC-connect voltage direction and 

power quality. Typically, an input controller is 

utilized to direct the DC-connect voltage, while in the 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Venna Venkata Reddy et al. Int J S Res Sci. Tech. 2018 July-August-201; 4(9) : 134-142 
 

 

135 

meantime to accomplish solidarity control factor 

activity regardless of the nearness of model 

vulnerability and outer aggravations. 

 

Different methodologies have been proposed for 

network tied power converters, to accomplish great 

transient exhibitions and worldwide security, for 

example, input linearization and model prescient 

control (MPC) [2]. In [2] – [8], a criticism 

linearization is utilized to control dynamic and 

responsive power infused in the framework by means 

of an inverter. The primary downside of this 

technique is that the current can't be constrained as it 

is considered as an inside progression of the shut circle 

framework. Actually, fast changes in DC-connect 

voltage reference may cause the current to surpass its 

farthest point amid transient due to a high voltage 

subordinate. For MPC system proposed in [9], the 

thought is to discover the voltage vector limiting a 

cost work whose frame relies upon the execution 

details. To this end, the cost work is assessed, at each 

examining time, for all conceivable voltage vectors, 

and the one which gives the most reduced cost work 

is considered as the ideal voltage vector. The primary 

burden of this kind of MPC is that an exact 

information of the model is required to ensure the 

heartiness of the framework in addition to the high 

computational exertion.  

 

The traditional PI controller is generally utilized 

under fell structure for the direction of the DC-

interface voltage and the framework current, as it is 

equipped for dismissing sudden unsettling influences 

what’s more, guaranteeing power. The fell structure 

comprises of two circles. The external circle is utilized 

to direct the DC-interface voltage by thinking about 

the immediate segment of the matrix present as an 

information control, while the inner loop is utilized to 

track the matrix current reference. Consequently, the 

present requirements can without much of a stretch 

be dealt with by constraining the present reference 

gave by the external circle. A glance at the writing 

uncovers that there exist a few systems to tune the PI 

controller parameters with the thought of relative 

steadiness and execution. For framework associated 

control converters, the tuning rules for the PI 

controller are frequently motivated from the 

symmetrical ideal rule because of its wide steadiness 

edge. 

 

With a view to furnish experts with an option  

approach to outline a PI controller for a network tied 

inverter utilized  in PV frameworks, a prescient 

approach is proposed in this  work consolidating 

ceaseless time nonlinear model prescient  control 

(NMPC) and nonlinear aggravation spectator (NDO). 

The composite controller comprising of NMPC and 

NDO is connected to a network tied inverter 

framework under fell structure as found in numerous 

PV applications. In this work, it is accepted that the 

framework voltage is adjusted and does not 

understanding voltage sounds. Be that as it may, the 

parameters configuration can likewise be utilized in 

other existing control plans, comprising of external 

what's more, internal circle, for example, the 

corresponding thunderous controller (PR), to manage 

irregular conditions, for example, contorted 

framework voltage. This is on the grounds that a 

regular PR controller for a framework tied inverter as 

a rule utilizes the coefficients of the PI controller. For 

consistent time NMPC, the expectation demonstrate is 

approximated through Taylor arrangement extension 

up to the relative level of the nonlinear framework, 

which brings about a shut shape answer for NMPC 

issue. The NMPC law is outlined in light of the 

ostensible model and the coveted following execution. 

It turns out that the improved NDO contains a vital 

activity, which ensures zero consistent state blunder 

as long as the closed loop framework, under the 

composite controller, is steady. Dissimilar to the 

traditional PI controller, a steady term emerges 

normally in the controller when determining the 

unsettling influence spectator.  
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In this work, the design method is much like that used 

in wherein Taylor collection expansion is adopted to 

derive a closed-form analytical way to MPC trouble, 

and a disturbance observer is synthesized to enhance 

the prediction accuracy. But the principle difference is 

that the proposed controller is derived from a 

nonlinear device and the resulting composite 

controller is handier for practical implementation, as 

it consists of a fuzzy controller and a prediction time 

period that has the role of improving the dynamic 

overall performance of the voltage law. However, the 

paintings presented in is limited to disturbed linear 

systems, and requires the combination of the machine 

model as part of the composite controller, which 

effects in notably complicated manipulate shape. 

 
 

II. GRID-TIED INVERTER SYSTEM MODELING 

 

This work is fundamentally worried about the control 

of the grid tied inverter whose schematic chart is 

delineated in Fig. 1.  The DC-connect voltage vdc is 

controlled by the dc-air conditioning converter what’s 

more, it is viewed as a steady yield voltage for the dc-

dc converter. The numerical model of the channel 

current in the d-q directions can be communicated in 

a bilinear frame as takes after 

 
  

Where Ed is the d-hub part of the matrix voltage, id 

and iq speak to individually the d-hub and q-pivot 

segments of the network current, and vd and vq are 

the d-hub and q-pivot segments of the voltage at the 

yield of the inverter. The parameter ω signifies the 

precise recurrence of the matrix voltage.  Here, it is 

accepted that d-hub part of the lattice voltage is 

compelled to be lined up with the basic of the matrix 

voltage by managing the q-hub part of the lattice 

voltage to zero.  This can be refined by utilizing a 

stage bolted circle (PLL) calculation. bd, bq and bv are 

the lumped annoyances  caused by demonstrate 

vulnerability and outside unsettling influence such  as 

the current i0 gave by the dc-dc converter. R and L 

are the channel obstruction and the channel 

inductance, individually, while C is the DC-connect 

capacitance. DC-interface voltage vdc and  the q-pivot 

segment iq of the matrix current are the factors  to be 

controlled while the control inputs are spoken to by  

vd and vq. 

 

III. CONTROL SCHEME USING CASCADED 

STRUCTURE 

 

The structure of the proposed control framework is 

delineated in Fig. 2, from which it can be watched 

that the control goals can be met by considering two 

fell control circles. The external circle is to track the 

DC-interface voltage reference by considering the d-

pivot part of the framework present as the control 

input, though the internal circle is utilized to manage 

the d and q segments of the lattice current by 

producing the dq-axis segments    
  and   

 of the 

voltage summons.  For each control circle, NMPC 

approach is joined with a NDO to enhance the 

following execution and to take out the unfaltering 

state mistake. 

 
Figure 2. Control scheme of the cascaded structure. 
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IV. NMPC IN THE INNER-LOOP 

 

A. Design of the Controller 

In the inward current control circle, the constant time 

NMPC  is connected to the present conditions to give 

the d and q  segments(  
  ,  

 ) of the charge voltages 

that limit  the quadratic cost work comprising of the 

distinction between  the d and q parts of the 

framework current and their references       and 

      . That is, the quadratic cost capacity can be 

communicated as takes after 

 

 
And Tr represents the predictive time. The input 

control can be obtained from the necessary condition 

of optimality 

 
The first step to design a controller based on the 

NMPC methodology is to rewrite the current 

mathematical equations in the nonlinear affine form 

as 

 
It follows from (1) that 

 
The disturbance vector is given by 

 
The input and the disturbance gain matrices g1 and g2 

are given by 

 
The vector field f(x) and the output h(x) are defined as 

 
As stated in [22], the next step to follow NMPC 

methodology is to determine the relative degree ρ for 

each of the system output with respect to the input. 

Clearly ρ is equal to the unity. Therefore, the cost 

function can be simplified by approximating the 

predicted output and its reference using the first-order 

Taylor series expansion as follows 

 
Where 

 
By considering the numeric value of the relative 

degree ρ, the use of the Lie derivatives   h(x) and 

Lg1,2 h(x) yields 

 
Substituting (10)-(12) into (2), and using (4) gives 

 
Where e =   − y is the tracking error, and K is the 

control gain given by 

 
Where      is 2 × 2 identity matrix. The matrices G 

and M are defined by 

 
Substituting the NMPC regulation (13) in (12) gives to 

the closed loop machine mistakes equations e˙ = −Ke. 

Clearly, because the predictive time is effective, the 

closed-loop device below NMPC law is asymptotically 

solid. Moreover, for a step response, the nominal 

monitoring overall performance is governed by way of 

the closed-loop transfer feature 

 
As the information about the disturbance isn't to be 

had from direct dimension, the manipulate regulation 

(13) may be nearly carried out by the use of the 

disturbance estimation ˆb instead of the actual one b. 

Such an approach may also affect the nominal 
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tracking performance if the disturbance observer isn't 

always properly designed. Thus, the aim is to assemble 

an observer that gets rid of the constant-kingdom 

mistakes and approximately preserves the nominal 

tracking overall performance 

 

B. Design of the Disturbance Observer 

To simplify the design of the disturbance, it is 

assumed that b(t) is bounded and satisfies 

 
The unknown disturbance can be estimated as follows 

[23]: 

 
Where l(x) is the observer gain. It follows from (5), 

(17) and (18), that the disturbance estimation error eb 

= b − ˆb is governed by 

 
Clearly, the steadiness of the disturbance observer 

depends on the choice of the observer benefit. Indeed, 

because the disturbance advantage g2 is a steady 

matrix, you can actually pick l(x) as follows 

 
Where µ is a 2 × 2 matrix with constant coefficients, 

and it can be chosen as µ = diag {µd, µq}. Combining 

(18)–(20), and considering the structure of the 

disturbance matrix gain g2, the disturbance observer 

can be made globally asymptotically stable by 

choosing       <0 . On the other hand, note that 

 
Where 

  are 

the tracking errors. Following [27], in the absence of 

disturbances, the nominal tracking performance can 

be preserved under the composite controller by 

setting ˆb (0) = 0. Thus, integrating (22) gives  

 

As mentioned in [26], in the presence of lumped 

disturbances, the composite controller can get better 

the nominal tracking overall performance

. But from sensible perspective, a big 

observer gain will ultimately enlarge the dimension 

noises. This explains why it is said that the nominal 

overall performance can be about preserved below the 

composite controller. Now, substituting (23) into (13) 

gives the PI predictive controller as follows 

 
Where 

 
And 

 
Hence, the composite controller can be regarded as a 

combination between a PI controller and a predictive 

time period Nd,q, which can are expecting the error 

among the gadget’s output and the trajectory to be 

tracked. In the case of a step response, i.e.,            = 

0, the time period      can be regarded as a 

feedforward sign to atone for the grid voltage, the 

initial tracking errors       (zero), and for the go 

coupling between d and q currents. For a real-time 

implementation, the time by-product of the currents 

will now not be considered in the controller to avoid 

magnification of the measurement noises. Thus, by 

way of neglecting the filter resistance and the time 

period ed,q(zero), the ensuing controller will become 

precisely equivalent to the traditional decoupled PI 

controller used for 3 section grid connected renewable 

energy assets [17]. 

 

V. NMPC IN THE OUTER-LOOP 

 

The NMPC is carried out to the differential equation 

that describes the dynamics of the DC-link voltage to 

gain DC bus voltage regulation. Following (1), the 
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DC-hyperlink voltage equation may be written inside 

the form of (5) as 

 
Such a model has the direct d-axis current id as its 

control input, the DC-link voltage vdc as its output, 

and bv as a disturbance. Here, the objective is to find 

 
Where        is the DC-link voltage reference. The 

control law can be derived by following the same 

steps as for the inner-loop. Therefore, as the relative 

degree with respect to the input is equal to unity, the 

optimal d-axis component of the grid current is given 

by 

 
Where 

 
In a grid-tied inverter gadget, each vdc and Ed cannot 

be identical to zero, then the term G−1 (x) exists. 

Similarly to the previous section, inside the case of a 

step reaction, it may be shown that the nominal DC-

link voltage loop is an average first-order system that 

is expressed as follows 

 
Therefore, the predictive time Tr can be specified 

based on the desired set-point tracking response 

defined by (31). The disturbance can be estimated in 

the same way as for the innerloop shown in Sect. IV. 

That is, 

 
Where the observer error dynamics is given by 

 
Hence, the disturbance observer (32) can be made 

exponentially stable if the constant observer gain µv is 

chosen to be negative. More specifically, the 

disturbance observer works as a first-order low-pass 

filter; with a time constant equal to −C/µv. Now, 

substituting (32) into (29) gives the nonlinear PI 

predictive controller as follows 

 
Where 

 
And 

 
The nonlinear predictive time period Nv(vdc) has the 

benefit to acquire a excessive overall performance 

trajectory tracking if the manage goal is to observe a 

predefined time-various reference [24]. For PV 

packages, the goal is to modify the DC-hyperlink 

voltage at a desired steady-nation level instead of 

tracking a quick time-varying reference. For a 

consistent set-factor, i.e.,        = 0, the time period 

  (    ) allows recuperating about the nominal 

tracking performance defined via (31) because it 

considers the records about the preliminary 

monitoring errors. Such an records isn't commonly 

covered in the traditional PI controller. This explains 

why the proposed controller is advanced to the PI 

controller. 

 

VI. CLOSED-LOOP SYSTEM AND THE DESIGN 

PARAMETERS 

 

Neglecting the initial tracking error       , (0)the 

dynamic error of the closed-loop system, for the 

inner-loop, under the composite controller is 

governed by 

 
and that of the outer-loop is given 

 
Therefore, the poles of the outer-loop are µd,qL and 

−K0 even as those of the inner-loop are 
    

 
and −  . 
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As the predictive time is advantageous and the 

observer benefit is terrible, it is clear that the closed-

loop stability is guaranteed for each loops one at a 

time. Elimination of the steady-nation mistakes is 

done by using indispensable movement. The 

parameters of the controller can be set in accordance 

to the favored pole places. More in particular, the 

reference to-output switch function for the outer-loop 

is supply 

 
(40) and the reference-to-output transfer function for 

the inner loop can be expres 

 
To assure the stability of the cascaded structure, the 

inner loop ought to be designed for you to have 

quicker reaction compared to that of the outer-loop. 

This can be carried out via selecting the parameters of 

the controller so that the internal-loop settling time 

tsi, resulted from (forty one), is a good deal decrease 

than the outer-loop settling time tso, resulted from 

(forty). On the alternative side, as pointed out in [30], 

the bandwidth of the in r-loop is restrained via the 

maximum switching frequency of the semiconductor 

gadgets, indicating that the settling time tsi can not be 

less than the switching period    = 1/   , in which 

fsw is the switching frequency. A minimal cost of     

= 5   is normally considered whilst selecting the 

bandwidth of the modern-day control [30]. As the 

layout method is primarily based on Taylor collection 

enlargement, you'll pick out the predictive time to be 

sufficiently short primarily based at the favored 

nominal tracking performance, which may 

additionally vary in line with the machine beneath 

research, the sampling frequency and the 

performances specification. In addition, the observer 

advantage can be chosen as high as possible to a have a 

quick disturbance estimation. 

Remark 1: A massive observer benefit permits to 

attain a fast disturbance rejection however on the 

equal time amplifies the size noises, causing a intense 

degradation of the grid energy satisfactory with the 

aid of growing the total harmonic distortion (THD). 

Accordingly, the grid strength quality requirement 

limits the performance of the closed-loop system. This 

approach that, for renewable power programs, the 

observer benefit ought to be chosen to overcome the 

tradeoff among a fast disturbance rejection reaction 

and a low general harmonic distortion. 

Remark2: A short predictive time effects in terrific 

setpoint monitoring performance but ends in a big 

control effort. To overcome any such downside, the 

desired set-point monitoring reaction defined through 

(31) ought to be chosen correctly in order that the 

road filter out contemporary does not exceed its 

restrict fee at some point of the transients. 

 
 

VII. CONTROLLER USING FUZY CONTROLLER 

 

Fuzzy logic is a form of many-valued logic in which 

the truth values of variables may be any real number 

between 0 and 1. By contrast, in Boolean logic, the 

truth values of variables may only be 0 or 1. Fuzzy 

logic has been extended to handle the concept of 

partial truth, where the truth value may range 

between completely true and completely 

false. Furthermore, when linguistic variables are used, 

these degrees may be managed by specific functions.  

 
Figure 4. Controller block diagram using fuzzy 

controller 

https://en.wikipedia.org/wiki/Many-valued_logic
https://en.wikipedia.org/wiki/Truth_value
https://en.wikipedia.org/wiki/Boolean_algebra
https://en.wikipedia.org/wiki/Linguistic
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Membership function for error error for voltage 

 
Membership function for change in error for voltage 

 
Membership function for current 

 

The three variables of the FLC, the error, the change 

in error and the output, have seven triangle 

membership functions for each. The basic fuzzy sets of 

membership functions for the variables are as shown 

in the Figs. 1 and 2. The fuzzy variables are expressed 

by linguistic variables „positive large (PH)‟, „positive 

medium (PM)‟, „positive small (PS)‟, „zero (Z)‟, 

„negative small (NS)‟, „negative medium (NM)‟, 

„negative large (NH)‟, for all three variables. A rule in 

the rule base can be expressed in the form: If (e is NH) 

and (de is NH), then (cd is NH). The rules are set 

based upon the knowledge of the system and the 

working of the system. The rule base adjusts the duty 

cycle for the PWM of the inverter according to the 

changes in the input of the FLC. The number of rules 

can be set as desired. The numbers of rules are 49 for 

the seven membership functions of the error and the 

change in error (inputs of the FLC). 

 

 

Table1. Rule base of FLC 

 
VIII. SIMULATION RESULTS 

 

Here, Matlab/Simulink software package is used to 

carry out the computer simulation. The Objective of 

this test is to compare the performance of the 

proposed controller with a classical PI controller at 

the startup phase. 

 
Figure 5. DC link voltage 

 
Figure 6. q-axis current 

 

IX. CONCLUSION 

 

A nonlinear fuzzy prophetic controller has been 

projected to control a three-phase grid-tied electrical 

converter utilized in electrical phenomenon system. 

The paper exposed analytically the way to style the 

nonlinear PI prophetic managementler by means that 
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of mixing a continuous-time model prophetic control 

with a nonlinear disturbance observer. The planning 

methodology enabled USA to specify the set-point 

chase and also the disturbance attenuation 

performances independently. Another promising 

feature lies within the use of a disturbance observer, 

which may be utilized for alternative objectives 

admire islanding or fault detection. Simulation and 

experimental results are provided showing the 

effectiveness of the projected strategy. it's conjointly 

found that the projected approach will give higher 

performance in comparison to a traditional PI 

controller throughout the startup phase. The projected 

approach is convenient for sensible implementation 

and it provides practitioners with an alternate method 

to style PI controllers for three-phase grid-connected 

renewable energy resources victimisation Associate in 

Nursing L filter, with a attainable extension to 

applications victimisation Associate in Nursing LCL 

filter. 
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