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Abstract 

The nonlinear loads present more in the power 

systems in the practice today by developing of 

electronic technology and using the small distributed 

power sources (solar power, wind power etc.…), this 

causes the increasing the high frequency switch 

devices etc. in the power network. Nonlinear loads 

cause non-sinusoidal currents and voltages with 

harmonic components, increasing the reactive power, 

overload of power lines and electrical devices, low 

power factor and affecting badly to the networks. 

Shunt active filters (SAF) with current controlled 

voltage source inverters (CCVSI) are used effectively 

to reduce the harmonics and to balance the phases 

sinusoidal source currents by generating the currents 

to compensate the harmonic currents caused by the 

nonlinear loads.  In this paper we suppose a control 

strategy to generate the compensation currents of 

SAF by using the current model predictive 

engineering. This method is better than the control 

strategy using PI controller in term of transient time. 

The desired compensation currents can track exactly 

the reference compensation currents on the dq frame. 

The simulation results implemented on the nonlinear 

load, a full bridge rectifier and 3 phase unbalance 

load, show that the transient period decrease from 

0.1s to 0.02s in comparing with PI controller. The 

experimental results proof that the THD of source 

currents decrease from 24.8% to 5.4% when using the 

proposed method. 
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I.  INTRODUCTION 
 

   The developing quickly of the electrical engineering 

technology make the power systems to be more 

complex in which the industrial, commercial loads 

and data center loads are increasing rapidly. The 

industrial loads include the motor driven by high 

frequency switch inverters, high frequency electrical 

furnaces, saturated motors, the commercial loads in 

the buildings are organized by saturated motors, 

HAVC load, LED, computers, data storage systems, 

special electronics devices, etc. All loads described as 

above are called by nonlinear loads and they are the 

causes generating some issues about the quality of the 

power systems[1]. Some of the major issues related to 

current harmonics include generator burnouts, 

vibration in motors while operating, computer 

network failures etc. To measure the harmonics  

 

distortion present, the index THD is used, THD is 

defined as the summation of all the harmonics 

components of the current waveform compared 

against the fundamental component of the current 

waveform. By the IEEE std. 519, the THD of the 

source current should be less than 5%.To reduce the 

harmonics, owing to the advancement in power 

electronic switches the SAF is used widely nowadays. 

The SAF is connected in parallel with nonlinear load 

to compensate the higher order harmonics currents 

based on CCVSI. The position in the power system 

and the typical structure of SAF is depicted 

respectively in the Fig 1a and Fig 1b[2]. In order to 

implement the control outer loop, generating the 

desired compensation currents, we need the extra 

control loop, that determines the active power loss 

lo s sp  used to calculate the c re fi . The active power loss 

normally is determined by PI controller in Oder to 

maintain the constant voltage DC across on the 

capacitor. The transfer function of the plan for this 

extra control loop is as follows: 
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t= = , R  is the 

resistance parallel to the capacitor SAF, c oV  is the 

reference capacitor voltage, C is the rated capacitance. 

The role of outer loop is to measure the load currents, 

source voltages, and then calculates the reactive 

power, reference active power that needs to be 

compensated. All calculations are implemented on the 

dq frame as described on the Fig 3. 

Suppose that the load current distorted by 

harmonics Li , SAF measures the Li  and then 

calculates the compensation currents injecting to the 

power system Ci  such that the source currents 

= +S L Ci i i  maintain the sinusoidal waveform. It 

means that the harmonic currents caused by the 

nonlinear load are compensated completely by the 

compensation currents Ci . The control strategy of 

SAF includes two control loop: the outer loop and the 

inner loop. The outer loop is used to calculate the 

reference compensation currents C re fi  based on the 

load currents measured Li , the inner loop makes the 

compensation current Ci  tracking the reference 

currents by controlling the CCVSI using IGBT. 
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Fig 1:  a) The position of SAF on the power system,  b) The typical structure of SAF using the CCVSI 

 
Fig 2: The structure of control loops of SAF 

 
Fig 3:  The structure of outer control loop  

 

Firstly, 3 phases load currents modeled by a 

vector [ ]TL a L b L ci i i=Li , 3 phases source voltages 

descried by vector [ ]Tsa sb scv v v=sv  are 

transformed to the a b  frame by using the Clarke 

transformation with transition matrix F  
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We obtain the currents ,L Li ia b  and voltages 

,s sv va b  on the a b  frame. Secondly, the currents and 

voltages on the a b  frame are used to calculate the 

instantaneous active power and instantaneous reactive 

power, that can be described in term of two parts: the 

low frequency and high frequencies as follow 

 
in which ,p p%  are the low frequency and the high 

frequency components of instantaneous active power, 

and ,q q%  are the low frequency and the high 

frequency components of instantaneous reactive 

power. The instantaneous active power is passed 

through a low pass filter(LPF) to filter out the high 

frequency components p%, the output of LPF is the p . 

The compensation active power and reactive power 

are calculated by the equations as follow 

 
The compensation currents on the a b

[ ]Tcr e f cra cri ia b b=i  are obtained by using the 

following relation: 

 
The outer control loop calculating the equations 

(2)-(5) described as Fig 3 is implemented completely 

by the analog circuits, that guarantees well the 

requirements of the transient time. The extra control 

loop using the PI controller has good performance. 

Recently, there are some methods developed to 

improve the responses of the outer control loop by 

focusing on the choice LPF’s parameters[11]. The 

methods for turning better of the PI’parameters are 

presented on the materials[12],[13] by determining 

exactly the values R, c oV and C of SAF, by 

considering the offset of the parameters, by using the 

adaptive methods.   

Beside using the PI controller, the using Neural 

networks[14],[15],[19], fuzzy technics[16]and 

wavelet[17] are developed recently to control the 

outer loop. To improve the performance of the outer 

control loop, there are some turning PI controller’ 

parameters, example the using the optimal method 

PSO[18]. When consider the non-ideal mains voltage, 

in [20] presents the compensation engineering by 

using two LPFs for two source voltages on the dq 

frame. The inner loop’ role is to control IGBT of SAF 

to generate the compensation currents injected to the 

power network such that it can track quickly the 

currents ,c r c ri ia b . There are many method to design 

inner loop’s controller as PI control, known as fixed 

frequency control or hysteric current control[2],[3] 

the control engineering SFX-ADF[4],[5]; Delta 

modulation technic or Dead-Bead[9],[10]. The 

control problem of inner control loop is most 

interesting research topics and this topic has 

attracted a great deal of attention from scholars to 

improve the dynamic characteristic, compensate 

completely the harmonics, reduce the THD, minimize 

the oscillation of power networks caused by nonlinear 

loads etc. Today, the applying neural 

network[21],fuzzy engineer control to the inner loop 

can improve the dynamic characteristic but 

implement hardly in practice due to the speed of 

microprocessor and calculation amount, so that so 

that this methods are currently theories[22], [23]. 

  The PI controllers have some advantages such as 

quickly response, easily setup and turning by analog 

circuits, however, the dynamics of the PI controller 

are inadequate because of the limited bandwidth of 

the controller. As a result, the SAF may not give the 

required performance when the loads have a high 

degree of non-linearity[13]. 

This paper presents a control method for the inner 

loop of SAF by using the current model predictive on 

the dq frame. The method’s advantage is that the 

transient period shorter than method using PI 

controller. The desired compensation currents can 

track exactly the reference compensation currents on 

the dq frame. The simulation results implemented on 

the nonlinear load, a full bridge rectifier and 3 phase 

unbalance load, show that the transient period 

decrease from 0.1s to 0.02s in comparing with PI 

controller. The experimental results proof that the 

THD of source currents decrease from 24.8% to 5.4% 

when using the proposed method.       

The rest of the paper is organized as follows: 

Section II describes the Controller design of  inner 

loop for SAF based on current model prediction on dq 

frame.Section III illustrates simulation and 

experiment results. Finally, Section IV concludes the 

paper. 

II. CONTROLLER DESIGN OF INNER LOOP 

FOR SAF BASED ON CURRENT MODEL 

PREDICTION ON dq FRAME 

The control structure of the inner loop for SAF 

based on current model prediction on dq frame as 

shown in Fig. 4. 

To obtain the current model prediction for SAF, 

using the equations written on the abc frame by 

Kirchhoff  II for SAF, with  [ ]Ta fa a fb a fcv v v=afv  

is voltage vector of SAF, we have 
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Fig 4.  The control structure of  SAF’s inner loop based on current model prediction 

whereR and L are the output smoothing inductor 

inductance and resistance of the SAF. Transforming 

the equation (6) in synchronous reference frame using 

transformation matrix G , we get the SAF voltages on 

the dq frame as 

 
with G  is defined on the material[27]. The equation 

(6) is now written on the dq frame as 

 
In order to obtain the current predictive model of 

SAF, discretizing equation (8) with sample time sT , 

we have  

 

The [ ( ) ( ) ( ) ]0 TL i k i k i kc q c d cw -   is the cross 

coupling term between d and q axis. Assuming a three 

phase  balanced power source, the ( )ksd qv  term can 

be  removed, so the equation (9) becomes 

 

 

The current predictive model of the SAF at the 

time 1k +  can be obtained by solving equation (10) 

using the replacing 1k k= + . 

 

When modeling the predictive controller, the 

feedback signal should take into account the drift in 

the predictive model equations due to the nonlinear 

nature of SAF, we consider the error between real 

output currents of SAF ( )kcd qmi  and predictive 

currents ( )kcd qi  calculated by model (11) at the same 

discrete instance  as ( ) ( ) ( )k k k= -cd qm cd qe i i .  

Therefore, an error ( )e k  need to be added to the 

output predictive currents to correct, we have the 

corrected output predictive currents at next discrete 

instance  as 

 
where l  is the correction coefficient. 

Next, use the objective function as: 

 
where ,x g  are the weighting coefficient of the 

predictive error and the predictive control variable, 

respectively.  It is noted that the control variable of 

SAF is voltages a fd qv . Substitution the ( 1)k +cd qi  

on the equation (11), we have 

 
(14) 

The optimal control variable can be obtained by 

differentiating the object function J with respect to the 

voltage and equating that to zero / 0d J d t = ,  the 

optimal control voltage variable can be found to be 
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The block diagram of the optimal control voltage 

variable for simulation and practical implementation 

as Fig. 5. 

 
Fig5.The diagram for inner controller of SAF based 

on current predictive model 
 

     The control law for the inner control loop of SAF 

established by (15) has the simple structure, the 

control action for the next discrete instance is the 

control voltage sending to the space vector 

modulation block to drive IGBT bridge generating the 

desired compensation currents.  

The control law (15) take into account the 

predictive compensation currents on the discrete 

instance  1k + , ( 1)k +cd qi , in order to get the 

demand such as the error between the output 

predictive current of SAF and SAF’s desired output 

current  ( 1)k +cre fd qi  is minimize at the next discrete 

instance, so J reachs to minimum.  The cost function J 

includes two terms: the output current error 

ˆ ( 1) ( 1)k k+ - +cd q cre fd qi i  and control voltage 

( 1)k +a fd qv  with two adjustment parameters x  and 

g . 

 

III. THE SIMULATION AND EXPERIMENTAL 

RESULTS 
 

      The simulation parameters: The nonlinear load 

consist of two loads connected in parallel: the full 

bridge rectifier supplying voltage for the DC load 

with 1 0tR = W , and the 3 phase unbalanced load with 

2 , 4 , 6L A L B L CR R R= W = W = W . The resistance and 

inductance of load wire is 0 .0 0 1 , 1 6L r L rR L e H= W = - , 

respectively. Three phase voltage source has 

3 8 0 , 5 0dU V f H z= = , the source resistance and 

source inductance are 0 .0 0 1 , 1 8L n L nR L e H= W = - . 

The resistance and inductance of the wire from source 

to load are respectively 0 .0 0 1 , 1 6gl glR L e H= W = - . 

The SAF has IGBT with snubber resistance 

1 0 0 0 0 ,sR = W , snubber capacitance ( ) ,sC F= ¥  the 

ON resistance 41 0o nR -= W , the forward voltages are 

1 V,  6 61 0 , 2 1 0f tT s T s- -= = ´ . The smooth 

inductance is 31 .2 10ckL H-= ´ . The extra  PI 

controller has  0 .1; 1p iK K= = , 1 0 0 0d cU V= . The 

sample time is 5 6 ,sT e H= -  the ode45 (dormand - 

Prince) is used to solve  the  discrete differential 

equations. The simulation results are shown in the 

figures, from Fig. 6 to Fig. 16. The Fig. 6 shows the 

source voltage, Fig. 7 represents the load currents or 

source currents in the case not using SAF. The Fig. 8 

illustrates the source currents when using SAF. The 

Fig. 9 demonstrates the compensation currents 

determined by the outer control loop and the real 

compensation currents made by inner loop to inject to 

the network, which caused by the control law (15).  

The Fig. 10 and Fig. 11 depict the harmonic analysis 

of the source and load currents when using SAF. The 

Fig. 12 introduce the varying of the voltage across 

capacitor. The desired compensation currents and real 

currents on the d frame are figured out in the Fig. 13, 

the control voltage of SAF on the d frame is painted 

in the Fig. 14. The Fig. 15 and Fig. 16 show the space 

modulation control voltage on the abc frame and 

IGBT control voltages, respectively. 

 
Fig 6. The 3 phase source voltages 

 
Fig 7.  The load currents or source currents in the case 

not using SAF 

 
Fig 8.  The source currents when using SAF 
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Fig. 9. The compensation currents determined by the 

outer control loop and the real compensation currents 

made by inner loop to inject to the network 

 

 
Fig10.  The harmonic analysis of the  load currents 

 

 
Fig 11.  The harmonic analysis of the source when using 

SAF 

 
Fig12. The varying of the voltage across capacitor of the 

SAF 

 
Fig 13. The desired compensation currents and real 

currents on the d frame 

 

 
Fig 14. The control voltage of SAF on the d frame 

 

 
Fig 15.  The space modulation control voltage on the abc 

frame 

 
Fig. 16.  The IGBT control voltages 

 

TABLE 1 

Comparing the varying of THD by the changing of the 

load 

3 4 6 8 10 15 20 25 

24.05% 24.32% 25.21% 25.74% 27.65% 27.84% 27.84% 28.26% 

4.51% 4.53% 4.61% 4.77% 4.98% 5.01% 5.07% 5.11% 

 

    When not using the SAF to filter the harmonics, 

The harmonic current distortion are affected by the 

nonlinear loads (see Fig. 7) with THD is 27.65%, in 

which the 5th order harmonic is 22%, the 7th order 

harmonic is 10%, the 10th , 11th 13th order harmonics 

are 22%, when connecting the SAF to the network, 

the THD of the source currents decrease rapidly to 

4.98%, the fundamental current component (50Hz) is 

approximately 100%, the 3, 5, 9, 11,13th order 

harmonics are not reached to 1%, the 7th harmonics is 

3%. The advantage of the control law (15) is 

represented on the Fig. 9, the real compensation 

currents on the phases A, B, C track completely to the 

desired compensation currents by transient time 

0.012s. The real compensation currents on the d axis 

is illustrated in the Fig 10. The transient period is 

shorter appreciably in comparing with using the PI 

controller in the materials [28], [29] which is 0.1s.  

The Table 1 demonstrates the THD varying of the 

source currents by changing the load. THD has 

upward trend when the load power is decrease and 

vice versa. If tR  is 1 0 W  then THD is 4.98%, however 

if tR  is 2 5 W  then THD is increasingly 4.98%. The 

experimental results is shown in the Fig 17 
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Fig 17.  The experimental results 

After asemblying completely the SAF electronic 

circuit, it is tested and we get the results as 

representing in the Fig 12. The harmonic analysics 

results show that before and after connecting the SAF 

to the network, THD of the source current is 24.8% 

and  5.4%, respectively. This results illustrate initially 

that the SAF electronic circuit implemented properly 

the SAF’s function. There is slightly difference 

between the simulation and experimental results  that 

is caused by the instrument turning, curcuit’s 

parameters not to be chosen properly, the 

parameters’s drift. The authors will continuely 

modify and complete in the future works. 
 

IV. CONCLUSION 
 

       The paper deals with the method for control 

output currents of SAF based on the dq frame using 

the SAF’s current predictive model, the control action 

is derived by minimizing the cost function related to 

two term which are the error between the  SAF’s 

predictive currents ˆ ( 1)k +cd qi and output desired 

currents ( 1)k +cre fd qi  in the next sample time, and the 

control voltages ( 1)k +afd qv . The form of the control 

law is quietly simple and easily implement by analog 

circuits.  

The simulation and experimentation conducted by 

using the nonlinear load including the full bridge 

rectifier and 3 phase unbalance load show that the 

quality of the harmonic compensation meets the 

requirements of the IEE Std 519. The THD of the 

source currents decrease all quickly from 27.65% to 

4.98%for simulation and 26.8% to 5.4% for 

experimentation. The fundamental current component 

(50Hz) is approximately 100%, the 3, 5, 9, 11,13th 

order harmonics are not reached to 1%, the 7th 

harmonics is 3%. After transient period 0.012s, the 

SAF’s output real compensation currents track 

completely the desired compensation currents 

required by outer loop. The transient period gets 

faster than method using the PI controller in materials 

[28] and [29].The errors of THD in the simulation 

results and the experimental results are due to the 

capacities of the equipment used in the test, this issue 

is taken into acount in our research in the future. 
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