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Abstract: Model predictive control is identified as one of the emerging control platforms which 

can replace the classical linear as well as sliding mode controls of power converters and drives. 

Implementing this algorithm in grid tied converter control imposes its design parameters like 

sampling frequency, cost function coefficients, model parameters etc. to be aptly chosen to 

match with hardware intricacies. Therefore, a detailed investigation for the interoperability of 

various MPC design parameters and the relative performance across each case is felt necessary. 

This paper presents one such primary investigation carried out in the pre-experimentation stage 

to identify the correlation between sampling rates of model predictive control for desired 

performance indices like tracking accuracy, average inverter switching frequency, current 

harmonic profile and inverter power loss applied to a three phase grid connected inverter. 

While implementing the control, a discrete time model representing a 15kW grid tied inverter 

is developed for current prediction followed by a suitable cost function formulation aimed at 

accurate reference tracking. From the analysis, it is observed that the tracking accuracy greatly 

depends on the prediction interval, which in turn depends on the sampling rates. The inverter is 

tested for its dynamic performance by considering step change in reference and source 

specifications besides steady state analysis. Extensive analysis for various combinations of 

MPC design parameters and their relative performance merits on the inverter output is 

presented. The results exhibited high reference tracking accuracy with improved harmonic 

profile for high to moderate sampling frequencies, but with a tax on the inverter efficiency. The 

choice of switching frequency for a trade-off between high tracking accuracy and inverter 

efficiency is also suggested.  

 

Keywords: Grid tied inverter, model predictive control, tracking accuracy, sampling rates, 

switching loss, harmonic profile. 

 

1. Introduction  

 Control of three phase grid connected inverters is an extensively researched area with new 

techniques emerging rapidly. Conventionally, almost all of these involves in voltage or current 

control of inverters to achieve set targets [1-3]. Current controls of inverter ensure that the load 

current delivered will follow the reference current with minimum error.  Such errors in terms of 

the current amplitude, form and phase are the key factors in classifying the performance of 

various techniques. Control strategies, both linear and non-linear, often utilize a pulse width 

modulator to convert the reference voltage into control signals at a desired switching 

frequency. Higher switching frequencies are often preferred for improved performance, at the 

same time they cause higher switching power losses [4] and reduced efficiency. Thus, the 

optimum choice of switching frequency to efficiency is still a vital design trade off. Of late, a 

class of nonlinear implicit modulation technique has emerged which does not need a modulator 

to obtain actuation unlike aforementioned current control techniques. Such a nonlinear control 

has better tracking performance with good dynamic response, but suffers from issues like 

variable switching frequency requiring increased filter size. [4-8]. 
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 Model Predictive Control (MPC) [9-16] an offshoot of nonlinear predictive control is an 

approach capable of achieving additional secondary control targets besides reference tracking. 

MPC has the potential to eliminate major drawbacks like inability to accommodate system 

model, discontinuous control signal etc. of other nonlinear controls like hysteresis control, 

sliding mode control etc. thus emerged as an attractive choice for the future grid connected 

inverter control [9-10,17].  

 MPC is a sample-based technique in which a mathematical model of the system under 

consideration is used to iteratively predict control variables and optimize it to meet the control 

constraints. MPC is able to handle system nonlinearities and control constraints simultaneously 

besides its primary control requirement. This is in contrast to the classical linear controllers 

which often try to neglect or simplify system nonlinearities and there will be always a 

compromise on the reference tracking when attempted for higher inverter efficiencies. 

However, selection of iteration size, optimization tuning etc. are crucial while working with 

MPC to ensure accurate control. Hence a deeper and extensive analysis of this emerging 

control technique is of vital significance so that proper selection of digital controllers with 

adequate capabilities, filter selection and heat sink sizing can be accomplished for its real time 

implementation. This work analyzes the performance of MPC based grid tied inverter with 

varying sampling rates in terms of tracking capability, harmonic profile and total inverter 

power loss. 

  Section II describes the MPC algorithm developed for three phase grid tied inverter in 

detail followed by simulation and performance analysis discussion in section III.  

 

2. MPC Algorithm for three phase grid connected inverter 

 MPC is a nonlinear control that employs prediction and optimization features to achieve 

multiple control targets which are weighted as per the application demand.  Essentially, it is a 

receding horizon [16] optimization problem that utilizes discrete time or state space model of 

the system to predict the future behavior of control variables until a horizon in time.  

 

The optimal actuation to reflect the necessary control action is provided based on minimizing a 

cost function, where the cost function represents the desired target to be attained by the control 

as, 

   
nm ffg +=                                       (1) 

where, fm and fn represents the primary and secondary target respectively and  is a weighting 

parameter. The cost function (g) in equation (1) is a combination of various sub-functions 

catering to multiple control requirements. Some of these sub-functions represents the hard 

constraint or primary target and others form soft constraint or secondary targets. Some 

common primary targets chosen include current, power, torque etc. [4,11]. Besides the primary 

targets, in several applications, the converters are expected to accomplish secondary targets 

such as switching frequency reduction [4], harmonic profile improvement [4], reactive power 

control [4], flux control, capacitor voltage balancing for multilevel inverters [4] etc. In MPC, 

both the primary functions and the secondary functions are achieved with a single cost 

function. The strict optimization of fm, results in accurate reference tracking, while the 

secondary targets are prioritized based on the requirement of the auxiliary performance 

improvements by using the weighting parameter. 

 A mathematical model of the inverter system is developed to carry out the predictions and 

subsequent optimization to establish MPC. 

 

A. Mathematical Modeling of Grid Tied Inverter System 

 In typical grid tied inverters an outer control loop of power or dc link voltage will provide 

an equivalent current reference for inner loops. But the present work targets to analyze the 

performance of the MPC algorithm for its tracking accuracy for variations in the iteration size 

through sampling frequency variations. So, the outer loop is not considered exclusively. 

However, a predefined current reference representing an intended active-reactive power to be 
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delivered to the grid is assumed and the MPC algorithm is tested for its steady state and 

transient performance.  

 The algorithm execution begins with the development of a mathematical model of the grid 

tied inverter system under test. The so developed model predicts the possible output current 

values for every inverter switching state applied to it and pass these pre-selections for further 

optimization with the defined cost function. Furthermore, this cost function optimization 

process in turn suggests the switching state of inverter to be applied to the successive iteration 

to achieve the desired target/s.  

 The block diagram of the grid tied inverter system with the MPC considered for the 

proposed study is shown in Figure.1 with VDC representing the input dc voltage. A sample 

reference current, i*(k) and the actual current, i(k) are the inputs to the proposed MPC 

controller, whereas the selected switching state is the output. 

 Applying KVL at the inverter output, the load current dynamics can be expressed as shown, 

 
nNGxx

x
xN vvRi

dt

di
Lv +++=                             (2) 

where, vxN (x=a, b, c) is the inverter pole voltages, vxG is the grid phase to neutral voltages, vnN 

is the voltage between load and grid neutral, iX is the phase currents of inverter, R is the filter 

resistance and L is the filter inductance. 

 

Figure 1. Schematic of Three phase grid tied inverter with MPC 

 

Equation (2) is represented in space vector form as, 

 
GvRi

dt

di
Lv



++=                                        (3) 

where v is the space vector of inverter output voltage, Gv


is the peak grid voltage and i is the 

load current vector. 
 Alternatively, the inverter voltage vector is expressed using the switching states (sa, sb, sc) 

and DC input voltage as, 

 )saass(Vv cbaDC

2++=                             (4) 

 Where, a = ej2/3 and sa, sb, sc represents the status of the top switches of inverter legs. Thus, 

a three phase inverter with six switches will have eight possible voltage vectors represented as 

v0 to v7, from 000 to 111.  

 Converting equation (3) into its discrete time model by applying Euler’s approximation 

with a sampling time Ts gives,  
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Now, eight possible future current values, ip(k+1) will be predicted as,  
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 In equation (8), prediction of ip(k+1), requires the grid voltage value at kth instant. 

However, this can be estimated through extrapolation techniques without the need for real time 

grid voltage measurement. In this work, back extrapolation method is used to estimate the peak 

value of grid voltage as, 
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 The back extrapolation estimates the grid voltage for the preceding sample with the 

assumption that the grid voltage does not vary within the sampling interval. Therefore, the 

estimated 


Gv (k-1) is applied in place of Gv


(k) in equation (8) to complete the current prediction 

for k+1th instant. This can be passed on for optimization and further state selection to achieve 

the control targets.  

 

B. Formulation of Cost function for grid tied inverter  

 Generally, the MPC cost function can be developed with the desired electrical quantities in 

any frame of reference which does not alter the tracking capabilities. Here, the cost function ‘g’ 

for the proposed grid tied inverter is developed to track a current reference in stationary 

reference frame without any secondary targets, and is expressed as,   

 pp
iiiig  −+−= **                          (10) 

where i*
, i*

, ip
 and ip

 are the stationary reference frame coordinates of reference current (i*) 

and predicted current (ip) respectively.   

 Eventually, the  and  current quantities are predicted for every sampling instance from 

equation (8) and (9) and MPC algorithm is executed and the gating signals are obtained to 

switch the inverter. As the inverter control is actuated at the end of every sampling, it is evident 

that the iteration size can greatly influence the accuracy of reference tracking. But, this choice 

of iteration size cannot be independently decided; instead it is dictated by the sampling 

frequency constraints of the controller. This research is inclined towards the analysis of MPC 

for varying sampling frequencies in order to identify what could be an optimum choice of 

iteration size for any selected application and its influence on the reference tracking.  

 

3. Simulation and Results 

 The proposed analysis has been carried out by implementing the grid tied inverter system 

model of Figure.1 in MATLAB/Simulink with the specifications of Table 1 using some of the 

inbuilt blocks as well as custom developed models.  

 

Table 1. Test System Specifications 

Parameters Value 

DC Source Voltage 700 V 

Inverter VA Rating 15 kVA 

Grid Specifications 3,400V(l-l),50 Hz 

Filter inductance 0.001, 10mH 

 

 The inverter power circuit is developed using inbuilt Simulink library block, while the MPC 

controller is implemented using the ‘Embedded MATLAB Function’ block. MPC code has two 

segments (i) system model for prediction and (ii) the cost function and its optimization. This 

MPC code is developed in such a way to mimic the functionality of any real-time controller 

giving the optimized switching pattern for the grid tied inverter. The inverter performance index, 
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the THD is obtained from inbuilt FFT block while, the average switching frequency and Power 

loss were computed by customizing the ‘User Defined Function’ blocks.   

The MPC is tested under different test conditions to carry out the proposed analyze.    

 

A. Test Cases 

Test Case 1: A three phase current reference of 15.19A (rms) representing a reference power of 

14.87kW is applied to MPC controller with a sampling frequency (Fs) of 25 kHz. 

 

Test Case 2: Test case 1 is repeated for two more sampling frequencies viz. 50 kHz and 100 

kHz. 

 

Test Case 3: A step change in the reference current is introduced at time instants and values as 

presented in Table 2 with a sampling frequency of 50 kHz. 

 

Table 2. Step Change in Current Reference for Test Case 3 

Time (s) 0.1 0.2 0.3 

Power Reference (kW) 11.57 14.87 9.47 

Change in I* 

(as % of I* in test case 1) 
10 0 -10 

 

Test Case 4: A step change of 10% is introduced in the grid voltage, VG at the mentioned time 

points as given in Table 3 with a sampling frequency of 50 kHz. 

 

Test Case 5: A step change in grid frequency, FG of 0.5 Hz is introduced at the mentioned 

time points as given in Table 4 with a sampling frequency of 50 kHz. 

 

Table 3. Step Change in Grid Voltage for Test Case 4 

Time (s) 0.1 0.2 0.3 

Change in VG 

(as % of VG in case 1) 
10 0 -10 

 

Table 4. Step Change in Grid Frequency for Case 5 

Time (s) 0.1 0.2 0.3 

Change in FG (Hz) 50.5 50 49.5 

 

 The response of the proposed grid tied inverter for all these test cases are presented, 

summarized and discussed in the following section.  

 

B. Performance Analysis and Observations  

 The grid tied inverter performance is quantified using three indices viz. tracking accuracy 

in %, harmonic profile of inverter current in % (THDi) and inverter power losses (Ploss) in W. 

The tracking accuracy is articulated in terms of magnitude tracking accuracy in % (magi) and 

phase angle tracking accuracy in % (angi) as, 
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where, I*
rms, Irms, * and  are the rms values and phase angles (in degree) of reference current 

and inverter delivered current respectively.  
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Table 5. Performance Indices for Test Cases 1 to 5 

Test 

Case 

I*
rms 

(A) 

Fs 

(kHz) 

VG 

(V) 

FG 

(Hz) 

Irms 

(A) 

THDi 

(%) 

Average 

switching 

frequency 

Fsw (kHz) 

Inverter current 

Tracking 

Accuracy (%) 
Ploss 

(W) 

magi angi 

1 15.19 25 400 50 15.08 3.73 18.7 99.28 99.83 142.2 

2 
15.19 50 400  50 15.14 1.69 36.49 99.68 99.92 144 

15.19 100 400 50 15.17 0.87 77.17 99.87 99.94 146.3 

3 

15.19 50 400 50 15.14 1.78 36.61 99.68 99.92 147.5 

16.71 50 400 50 16.67 1.67 36.61 99.77 99.92 147.5 

13.67 50 400 50 13.62 2.1 36.61 99.65 99.92 147.5 

4 

15.19 50 400 50 15.14 1.78 36.7 99.68 99.92 144.2 

15.19 50 440 50 14.82 3.58 36.7 97.58 99.78 144.2 

15.19 50 360 50 15.16 1.7 36.7 99.80 99.87 144.2 

5 

15.19 50 400 50 15.13 1.89 38.09 99.60 99.92 149.6 

15.19 50 400 50.5 15.14 1.8 38.09 99.68 99.92 149.6 

15.19 50 400 49.5 15.13 1.82 36.57 99.60 99.92 149.6 

 

 By manipulation of the switching states of the inverter within a given simulation time, the 

average switching frequency (Fsw) is calculated for all the test cases.  The total losses of the 

inverter with the proposed MPC are estimated using the basic power loss equations of 

MOSFET, [18] and used for performance analysis.  The total power loss of the inverter is 

found to be as high as 1.01% of its rated power for an average switching frequency of 

36.87kHz.  The other performance indices are summarized in Table 5. From these results it is 

ascertained that the MPC inverter exhibits increased efficiency with better tracking accuracy.   

 

 
Figure 2. Time Response of proposed control for test case 1: (a) Applied i*, (b) Observed i, (c) 

Observed grid voltage, (d) Observed inverter pole voltage, (e) I*, Current Vector trajectory of i* 

and ,I the Current Vector trajectory of i. 

 

     The applied instantaneous three phase current reference (i*) and observed system variables 

for test case 1 are depicted in Figure 2 (a) to (d). The inverter current tracking accuracy is 99% 

across all the cases. In Figure 2 (e) I, the trajectory of inverter current vector (i) and I*, the 

trajectory of reference current vector i* exhibits a high degree of agreement with each other 

except minor deviations.  
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Figure 3. (a) to (c) Instantaneous current error of test cases 1 and 2 with Fs of 25,50 and 100 

kHz respectively, (d) Current harmonic spectrum for test case 2, (e) Trend of Fsw and THDi 

with varying sampling frequency. 

 

          The reduction in maximum current error per sample with increase in Fs can be observed 

from Figure.3 (a) to (c) where ‘iaerr’ is the current error for phase a. The harmonic profile of 

the delivered current is 1.69% as seen from Figure. 3 (d) which is well within the stipulated 

IEEE limits.  

  

 
Figure 4. (a) & (b) I* and I for case 2 with Fs=50kHz and 100kHz respectively, (c) I* and I for 

case 3 with II and III representing a  10% step change in I* magnitude from trajectory I at 

0.1s and 0.3s respectively. 

 

 The average switching frequency is found to be approximately 1/8th of its sampling 

frequency in all the cases as evident from Table 5.; the inverter power loss, Ploss also escalates 

with increase in sampling frequency.  This is the result of higher switching frequencies resulted 

due to higher sampling frequencies. From Figure.4 (a),(b) and (c), it is evident that tracking 

accuracy improves as Fs increases; at higher Fs, the predictions being much closer, the 

reference is better followed. 

 However, the harmonic spectrum in all the cases is wide spread up to half of Fs as seen in 

Figure.3 (d). This is one of the innate characteristics of any direct current control techniques of 

inverters. But, this spread spectrum can be shaped to any specific center frequency with small 

side bands with the addition of an secondary target which is beyond the scope of this paper. 

Taking into account the quality of current delivered with reduced total inverter losses, Fs =50 

kHz is found to be an optimal choice as seen from Figure. 3 (e). Hence all the test cases from 2 

to 5 are carried out with this sampling rate. 
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Figure 5. (a) I* and I for case 4 with 10% step change in VG magnitude at 0.1s and 0.3s 

respectively, (b) & (c) I* and I for case 5 with 0.5Hz step change in FG frequency at 0.1s and 

0.3s respectively. 

 

 
Figure 6. (a) Magnitude of I* and I test case 3 with 10% step change in I* magnitude at 0.1s 

and 0.3 s respectively, (b)  Magnified view of transition for test case 3, (c) VG_a and VGesti_a 

with step change of 10% of VG_a at 0.1s and 0.3s respectively.

 

 Test case 3 to 5 tested the dynamics of the proposed MPC to depict typical scenarios in grid 

connected inverters, viz. the change in power available from the source, grid voltage and 

frequency regulation etc. Considering the above scenarios, step change is introduced in (i) the 

reference current amplitude, (ii) the grid voltage amplitude and (iii) the grid frequency. In all 

these cases, the inverter current vector trajectory aligns well with the reference trajectory as 

presented in Figure.5 and Figure. 6. It is worth mentioning here that when compared to the 

current trajectory in Figure.2 (e) with Fs of 25 kHz, the trajectories in Figure. 5 (a) and (b) 

exhibit narrow and highly narrow tracking paths respectively due to higher Fs considered.  

 The following characteristic features observed from the results of the proposed case studies 

prove that the MPC based grid tied inverter exhibits superior dynamic tracking proficiency 

(i) When a step change in power reference is introduced in test case 3, the current delivered by 

the inverter is seen to follow it without much of a transition time and without reduction in its 

tracking accuracy as seen in Figure 5.(c) with trajectory ‘I’ corresponding to the inverter 

current at steady state with 15.19A rms whereas trajectories II and III represents step change of 

10% in rms current respectively. A similar observation is also noticeable in case of Figure 6 

(a) where I* is increased by 10% at the instant of 0.1 s and immediately I is able to capture this 

variation without much delay.   

 

(ii) In all the dynamic test conditions, the time taken to predict the variation is found to be 

250s, which is much less than a sampling interval. That is, immediately after any step 

variation, the new value of current is obtained by the MPC algorithm much before the next 

sampling instant.  

 

(iii) Figure.5 (a) shows the results of test case 4, when there is a step increase in grid voltage 

magnitude at the instant 0.1s by 10%, the current vector trajectory of inverter current is almost 
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found to trail along the reference trajectory. Even though at the instant of step change a small 

deviation in trajectory is evident, the effective dynamic optimization involved in proposed 

MPC is able to regain the tracking capability without much delay.  

The actual grid voltage (VG) and discretely estimated grid voltages (VGesti) for test case 4 are 

shown in Figure 6 (c) from which the variation at 0.1s is effectively estimated by the MPC. 

Here, a high tracking accuracy is observed; this is due to better back extrapolation computation 

even under varying   grid voltage conditions.  

  

(iv) Figure 6 (b) and (c) shows the current vector trajectories for step changes in grid frequency 

of 0.5 Hz at 0.1s and 0.3 s respectively. The deviations of ‘I’ at the instant of transition is not 

much significant and the inverter is still capable of meeting the specified control target with 

MPC with tracking accuracies of as high as 99.6% and 99.92% in magnitude and angle 

respectively.  

 Thus, the grid tied inverter is found to showcase excellent tracking capacity matrix with 

low harmonic distortions and good dynamic response at low and medium sampling rates. The 

proposed analysis on MPC, recapitulate that it is an effective and efficient alternative control 

technique to classical current controls with voltage based PWM techniques and other implicit 

modulator techniques. 

  

4. Conclusion 

 In this paper a recent modulation technique, MPC is applied to a grid tied inverter and 

investigated on its capability to achieve high reference tracking accuracies and its dependency 

on the sampling frequency. Closer current predictions gave better tracking accuracy for higher 

and moderate sampling frequencies. It is elucidated that, the sampling rate selection is a critical 

design criterion, as it has to be large enough to accommodate the computations as well as 

current predictions and small enough to result higher tracking accuracy. This diverge demand 

and their tradeoff has initiated this investigation on the effect of sampling rate on MPC and its 

performance on a grid tied inverter. The reference trailing capability assessed in terms of 

tracking accuracy revealed a high degree of compliance between the reference and delivered 

currents for high and medium sampling frequencies with good harmonic profile. Yet, a 

reasonable tracking accuracy has been observed even for smaller sampling rates with a reduced 

inverter loss. Even though the current THD is low, the current harmonic spectrum across all 

cases are found to be spread up to half of the respective sampling frequencies. Another 

important observation from the study is on the average switching frequency which is seen as 

1/8th of the sampling frequency of any value.  

 This spread spectrum of harmonics can be resolved by suitably appending the cost function 

with auxiliary control target aimed to restrict the current spectrum centered around a specific 

frequency. The proficiency in dynamic response demonstrated by MPC in prediction as well as 

estimation substantiates the merits of this technique to complement the ambitious requirements 

of future power converter controls. 
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