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Abstract—This paper proposes an improved model predictive 
control based on novel error correction between reference and 
predicted current. The proposed control strategy introduces 
novel error correction between reference and predicted current 
to improve robustness and steady-state performance of the 
system. The control coefficient is computed by the error between 
the kth instant and the (k-1)th instant without trial, and its range 
is limited  by the Lyapunov stability theorem. Moreover, it 
modifies the control law of the conventional finite control set 
model predictive control to reduce the computational burden. 
The encouraging performances are tested under a single-phase 
voltage source rectifier. The simulated and experimental results 
demonstrate that the proposed control strategy not only offers 
good robustness but also leads to better steady-state performance 
while retaining fast dynamic response. 

Keywords—error correction; model predictive control; 
robustness; steady-state performance 

I. INTRODUCTION 

As microprocessors develop, digital control especially 
model predictive control (MPC) has gradually adopted in many 
aspects like industrial application[1-4]. In [5-7], it is depicted 
that MPC shows outstanding advantages than other 
conventional linear control strategies. For example, it can be 
applied in various situation and multivariable systems. And it 
can easily incorporate nonlinearities and constraints. Unlike PI 
controller, it is easy to achieve better control performance 
without  parameter tuning. 

According to [8], MPC is a union of controllers that use the 
model of systems to control the tracking error.[9-10] show that 
three key issues are significant in MPC application. They are 
prediction model, cost function and rolling optimization.[8] 
also classifies  MPC methods into two categories, continuous 
MPC(CCS-MPC) and finite control set MPC(FCS-MPC).CCS-
MPC always includes a modulator to translate the continuous 
control signal to the desired output voltage [11-14]. CCS-MPC 
can produce a fixed switching frequency but its formulation is 
complex. Unlike CCS-MPC, FCS-MPC uses the discrete 
nature of the converter and cost function to compute the 
switching states  and apply them to the converter directly 
without modulation[15-17].Thus, FCS-MPC presents faster 

dynamic response compared to other control with modulation. 
However, FCS-MPC has not yet been implemented in 
industrial applications because of some disadvantages, such as 
high computational burden, various switching frequency with a 
widespread spectrum of controlled variable, time delay and  
model mismatch[18-21].The problems mentioned above have 
stopped the development of FCS-MPC. 

 As for  time delay, [21] proposes a simplified model 
predictive control to reduce the computational burden to 
relieve the influence of time delay. [22] tries to predict the 
current value at the (k+2)th instant to solve time delay. In [23], 
a combination of predictive control with a delay estimator is 
considered to improve the performance of the system. Multi-
step model predictive control are now useful ways to eliminate 
the influence of time delay.  

Besides time delay, model mismatch will also deteriorate 
the  performance of the system. [24-25] study the effect of 
errors in the value of the load inductance and resistance in the 
average square error of the load current of the two level three 
phase voltage inverter (2L-VSI). The study shows that the load 
resistance has a very small effect on the prediction and it could 
be neglected, and the errors in the load inductance have a 
major influence on the load current prediction, and estimating a 
lower value of the inductance has a deepest effect in the current 
error than estimating a higher value. In [26], A Luenberger 
observer based on MPC is constructed for parameter mismatch 
and model uncertainty. In [27], Extended state observer is 
proposed to estimate the disturbances and adds a feed-forward 
compensation item to the MPC controller, achieving better 
control performance and robustness. [28] presents an adaptive 
robust predictive current control for grid-connected 2L-
VSI.Some researchers are aiming to reduce the influence 
brought by disturbance of power converters effectively by 
adding the feedback correction. [29-30] introduce a modeling 
error compensation method for FCS-MPC. Experimental 
results demonstrate the effectiveness.  

Basing on [21] and [29-30], this paper proposes an 
improved model predictive control based on novel error 
correction between reference and predicted current to improve 
the robustness of  the conventional FCS-MPC. The proposed  
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Fig.1. The topology of the single-phase voltage source rectifier 

control strategy introduces novel error correction with a 
coefficient between reference and predicted current to improve 
robustness and steady-state performance of the system. The 
control coefficient is calculated by the error between the kth 
and the( k-1) instant. Furthermore,  the coefficient range is 
limited  by the Lyapunov stability theorem to ensure the 
stability of the system. In order to testify the validity of the 
proposed control strategy, a single-phase voltage source 
rectifier(S-VSI) is built. Simulated and experimental results 
show better steady-state performance and stronger robustness. 

II. MODELLING OF THE SYSTEM 

The single-phase voltage source rectifier is shown in Fig.1. 
The equation of the converter can be described as: 

 
di

L e Ri V
dt

= − −   (1) 

where e, i and V are the grid voltage, the grid current and the 
rectifier voltage. L and R are filter inductance and its 
equivalent series resistance. 

According to forward Euler, approximating the derivative 
di/dt by 

 
( 1) ( )di i k i k

dt T

+ −≈   (2) 

(1) can modified as 

 ( 1) (1 ) ( ) ( ( ) ( ))
RT T

i k i k e k V k
L L

+ = − + −   (3) 

where i(k+1) is the (k+1)th instant value of the grid current. 
e(k), i(k) and V(k) are the kth instant value of the grid voltage, 
the grid current and the rectifier voltage. L, R and T are the 
filter inductance, its equivalent series resistance and the 
sampling period. 

Assuming the switching state of each bridge leg 
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So the rectifier voltage V (k) can be described as 

 ( ) dc a bV k V S S= ( − )   (6) 

where Vdc is the output voltage. 

III. THE PRINCIPLE OF THE PROPOSED CONTROL 

STRATEGY 

A. Predicition Model Construction and Cost Funvtion 
Defined 

The prediction model of the conventional FCS-MPC is 
always defined as 

 ( 1) (1 ) ( ) ( ( ) ( ))p RT T
i k i k e k V k

L L
+ = − + −   (7) 

where ip(k+1) is the predicted current value at the (k+1)th 
instant. 

(7) reveals that we need to predict four times in one control 
period, which will aggravate the computational burden and 
time delay. Thus [21] presents a simplified FCS-MPC(S-FCS-
MPC), which only needs to predict one time. It is depicted as  

 *( ) ( ) ( ) ( ) ( 1)r

L L
V k e k R i k i k

T T
= + − − +   (8) 

where Vr(k) is the desired rectifier voltage and i*(k+1) is the 
reference value of the grid current at the (k+1)th instant. 

Model mismatch and time delay are the key issues in FCS-
MPC, deteriorating the performance of the system. Assume  
these problems may cause error between i(k+1) and ip(k+1), 
increasing the error between the predicted current and the 
reference current. For compensation, we define a novel current 
error, 

 *( ) ( ) ( )opti k i k i kΔ = −   (9) 

where i*(k) is the reference current value at kth instant and iopt(k) 
is the predicted current calculated at (k-1)th instant, which can 
be expressed as, 

 ( ) (1 ) ( 1) [ ( 1) ( 1)]opt opt

RT T
i k i k e k V k

L L
= − − + − − −   (10) 

Define  

 * *( +1) ( +1)= [ ( ) ( )]opt opti k i k i k i kα− −   (11) 

where α is the control coefficient. 

In order to eliminate the error between i(k+1) and ip(k+1), 
we hope the error correction will satisfy 

 * *( +1) ( +1)= ( +1) ( +1)opti k i k i k i k− −   (12) 

So (12) can be modified as  

 * *( +1) ( +1)= [ ( ) ( )]opti k i k i k i kα− −   (13) 

Adding (13) into (8), the prediction model of the proposed 
control strategy is written as 
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Fig.2. The alternative  voltage vectors of V(k) 

* *( ) ( ) ( ) ( ) ( 1) [ ( ) ( )]r opt

L L L
V k e k R i k i k i k i k

T T T
α= + − − + + −  (14) 

MPC strategies always use a cost function to solve an 
optimization problem and to define the control signal to be 
applied  to the system[8]. The usual form of the cost function is 
defined as 

 * ( 1) ( 1)f i k i k= + − +   (15) 

or 

 * 2( ( 1) ( 1))f i k i k= + − +   (16) 

But these forms mentioned above don’t meet (14), thus a 
new cost function is defined to decide the desired switching 
states 

 ( ) ( )rf V k V k= −   (17) 

where V(k) is the alternative rectifier voltage vectors , shown in 
Fig.2. 

B. The Range Limitation of the Control Coefficient 

MPC are always considered as the nonlinear control 
method, and so all analytical methods for linear control 
methods are not suitable for MPC analysis. The Lyapunov 
stability theorem is proper to analyze the stability of all control 
methods.[31-34] modify the existed control strategies with the 
Lyapunov stability theorem to offer the stability of the system. 
To ensure the stability, the Lyapunov stability theorem is 
adopted into the proposed control strategy to limit the range of 
the control coefficient. 

According to the discrete Lyapunov method, the system 
should satisfy the following condition, 

1) L(0)=0； 

2) L(x(k))>0 for all x(k)≠0； 

3) L(x(k)) →∞ as‖x(k)‖→∞； 

4) ΔL(x(k))<0 for all x(k)≠0. 

Define the Lyapunpv function, 

 
2

* 2

( ( )) [ ( )]

[ ( ) ( )]opt

L i k i k

i k i k

Δ = Δ
= −

  (18) 

Thus the increment Lyapunov function can be written as, 

 
2 2

* 2 * 2

( ( 1)) [ ( +1)] -[ ( )]

=[ ( 1) ( 1)] [ ( ) ( )]opt opt

L i k i k i k

i k i k i k i k

Δ Δ + = Δ Δ

+ − + − −
 (19) 

Combing (11) and (19), the increment Lyapunov function 
is modified as, 

 2 * 2( ( 1)) ( 1)[ ( ) ( )]optL i k i k i kαΔ Δ + = − −   (20) 

According to the stability conditions of the Lyapunov 
method above, α is limited as 

 1 1α− < <   (21) 

The error correction introduced can eliminate the influence 
of disturbance gradually. The convergence of current error can 
be described as  

 
2

( ( )) 1

( ( 1))

L i k

L i k
γ

α
= =

+



  (22) 

(22) shows that error between reference and predicted 
current is decreasing. We assume the rate between two instants 
are constant because the control frequency is much larger than 
50Hz. As a result, we can calculate α by 

 
*

*

( ) ( )

( 1) ( 1)
opt

opt

i k i k

i k i k
α

−
=

− − −
  (23) 

IV. SIMULATED AND EXPERIMENTAL RESULTS 

To verify the proposed control strategy, an experimental 
test was performed under a single phase voltage source rectifier 
in a DSP system based on TMS320F28069.The experimental 
parameters are listed in Table I. 

TABLE I.  EXPERIMENTAL PARAMETERS 

System Parameters Symbol Value 
Grid Voltage (RMS) e 50V/50Hz

Filter Inductance  L 6.8mH
Equivalent Series Resistance R 0.3Ω

DC Side Capacitor C 1000μF
Sampling Period T 5e-5s

 

 

Fig.3. The experiment prototype of S-VSI 
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(a)The conventional FCS-MPC 

 
(b)The proposed control strategy 

Fig.4. The tracking error of the grid current 

 
Fig.5. The harmonic spectrum of the grid current for the conventional FCS-
MPC 

 
Fig.6. The harmonic spectrum of the grid current for the proposed control 
strategy 

 

 
Fig.7. The harmonic spectrum of the grid current for the conventional FCS-
MPC(L-15%) 

 
Fig.8. The harmonic spectrum of the grid current for the proposed control 
strategy(L-15%) 

 
(a)Step change from 8.5- to 3.5-A peak. 

 
(b)Step change from 3.5- to 8.5-A peak. 

Fig.9. Dynamic response of the conventional FCS-MPC during the reference 
step. 
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(a)Step change from 8.5- to 3.5-A peak. 

 
(b)Step change from 3.5- to 8.5-A peak. 

Fig.10. Dynamic response of the proposed control strategy during the reference 
step. 

A. Stedy-state Performance Evaluation 

Fig.4-Fig.6 are the steady-state experimental results for 
both the conventional FCS-MPC and the proposed control 
strategy. 

Fig.4 shows that the current tracking error of the proposed 
control strategy is half the error of the conventional FCS-MPC. 
It reveal a better tracking performance for the proposed control 
strategy. 

Fig.5 depicts the harmonic spectrum of the grid current for 
the conventional FCS-MPC. The total harmonic 
distortion(THD) for the conventional FCS-MPC is 6.5%. From 
Fig.6， the THD for the proposed control strategy is much less 
than the conventional FCS-MPC, and the measured THD is 
2.85%. These results demonstrate the proposed method have 
improved the steady-state and robustness of the system. 

B. Robustness Comparison between Two Control Strategies 

For studying robustness improvement of the proposed 
control strategy more exactly, the value of the filter inductance 
L has decreased 15%. Fig.7-Fig.8 show the robustness 
comparison between the conventional FCS-MPC and the 
proposed control strategy. 

When the variation occur in the filter inductance, the THD 
in Fig.7 seems to be much more than that in Fig.5, showing 
poor robustness. The THD value is 8.7%.But compare Fig.6 
and Fig.8, the proposed control strategy show strong 
robustness. The THD in Fig.8 is 3.45%. 

C. Dynamic Response Tests 

Fig.9 depicts the dynamic response of the conventional 
FCS-MPC for the grid current with a reference step from 8.5- 
to 3.5-A peak and vice versa. The results show that 381μs is 
required to reach a steady-state level in Fig.9 (a) while 251μs is 
required in Fig.9 (b). 

Fig.10 depicts the dynamic response of the proposed 
control strategy for the grid current with a reference step from 
8.5- to 3.5-A peak and vice versa. Compared with the 
conventional FCS-MPC, the proposed control strategy needs 
387μs for the dynamic response in Fig.10 (a) and 243μs in 
Fig.10 (b), showing the same dynamic response as the 
conventional FCS-MPC. 

V. CONCLUTION 

FCS-MPC have attracted attention for it is easy to achieve 
and can be used in various situation ,simple to incorporate 
constraints. More importantly ,it shows faster transient 
response than other control strategies with modulation. But 
some disadvantages, such as model mismatch and time delay 
stop the development of FCS-MPC. 

For solving both problems and improving robustness of the 
conventional FCS-MPC, an improved model predictive control 
based on novel error correction between reference and 
predicted current has proposed in this paper. The method in 
this paper introduces novel error correction between reference 
and predicted current to improve robustness and steady-state 
performance of the system. More importantly, the control 
coefficient is calculated by the error of two instants and also 
limited by the Lyapunov stability theorem. In order to testify 
the effectiveness of the proposed control strategy, the method 
is tested under a single-phase voltage source rectifier. The 
simulated and experimental results present excellent steady-
state performance and stronger robustness without sacrificing 
the transient response. The proposed control strategy is of great 
importance to be applied in other control strategies based on 
the model of the system and different topologies. 
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