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Abstract—This paper proposed a feed-forward control 
strategy for active power filter. The feed-forward controller 
and the current controller are designed based on the 
state-space averaging model and the voltage controller is 
designed based on the power model. Since the grid voltage 
may generate big impulsive current during system startup，
the feed-forward controller effectively reduces the effect of 
perturbing grid voltage and DC voltage on controlled 
current to improve the dynamic performance of system. The 
reference current for grid current control is directly 
obtained from the DC voltage control loop ， which 
simplifies the control algorithm. The detection of load 
current and inverter output current are cancelled, and it is 
also unneeded for the PLL(Phase Locked Loop), resulting in 
low cost. The control circuit is realized with analogue 
devices and the experimental results demonstrate the 
validity of the proposed control strategy. 
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I.  INTRODUCTION 
With the development of power electronic technology 

and its wide application in industry，the pollution for 
power grid becomes more and more serious. Because the 
traditional passive filter has following shortcomings, such 
as unideal filtering effect, emerging syntony with power 
grid easily, it is gradually replaced by active power filter. 

The fundamental principle of active power filter is to 
produce harmonic current (voltage) which is in the 
opposite direction of load harmonic current (voltage) but 
equal to its amplitude in order to eliminate harmful 
harmonic in power grid. It requires that the control of 
active power filter has better traceability and property for 
real-time. And a large number of literatures have done 
relative research works. On the search method of output 
current control reference signal acquisition, FFT detection 
method can detect the amplitude and phase of each 
harmonic, but it takes much calculation and time-delay; 
neural network detection method requires a lot of time to 
train samples, but it can not fulfill the real-time require. 
Although the adaptive ability of harmonic test which 
bases on adaptive cancellation of the principle is pretty 
well, and it has good track detection and high precision, 
but the weakness is slower dynamic response. Detection 
algorithm which bases on instantaneous reactive power 
theory can be respectively used to detect harmonic and 
reactive power but the algorithm is relatively complex; 
although the experience mode decomposition method 
reduces the complexity of detection algorithm in a certain 
extent, the calculation is still relatively large. On the 

search method of current tracking control, although 
adopting hysteresis loop control can obtain good dynamic 
tracking function, there are shortcomings of low control 
precision and switching frequency variation; the literature 
[11-12] makes the improvement on the hysteresis loop 
control and raises the control function, but it increases the 
complexity of control algorithm; although the sliding 
mode variable structure control has a good rapidity, it still 
exists the shortcomings of the steady-state error which 
cannot be eliminated; although the deadbeat control can 
quickly predict the change trend of harmonic current and 
it is easy to be implemented by computers, it has much 
dependence on the prediction model. Because of the 
complex algorithm, the prediction period will be 
increased, and it causes larger prediction error, ultimately 
affecting the compensation effect; Literature[15-16] 
proposes an ideal on the generalized integrator to each 
integral to harmonics, so as to eliminate the steady-state 
error, but it will increase the amount of calculation and 
reducing the real-time control. Overall, these algorithms 
are much complex, and take high application cost. 

In order to decrease impact current generated in grid 
voltage system start-up, this paper proposes a 
feed-forward control strategy of active power filter. This 
kind of control strategy is based on the method of current 
loop as the inter loop and of voltage loop as the outer 
loop, respectively measuring on control between grid 
current and inverter’s DC side voltage. This strategy uses 
switch averaging model design controller and introduces 
the voltage feed-forward compensation to eliminate the 
effect on grid voltage and DC voltage to output current. 

II.  SYSTEMS DESCRIPTION 
Figure.1 is a structure diagram of single-phase active 

power filter. Respectively， ( )Li t 、 ( )Si t and ( )Fi t are 
load current、grid current and filter current; ( )SU t and 

( )CU t are grid voltage and DC voltage. L represents 
filtering inductance. Using switch averaging method can 
establish the model of dynamic mathematical model 
systems for： 

 
                                     
                                         (1) 
 
                       
Here, ( )d t is duty cycle. 
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Figure.1 Schematic diagram of single-phrase active power filter 

III.   CURRENT LOOP CONTROL 

A.  Current Loop Description 
Formula (1) shows, if the DC voltage ( )Cu t  can be 

well controlled as CU , the filter current can be 
approximated as: 

( ) 2 ( ) ( ) ( )F C C SLi t U d t u t u t= − +&        (2) 

We can draw the current control block diagram 
showed in Figure.2. In the Figure, * ( )Si t  is grid current 
control reference signal and ( )ccG s  is the current 
controller. 
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Figure.2 Current control loop 

In order to eliminate the effect of grid voltage and DC 
voltage, this paper introduces a feed-forward controller, 
whose transfer function is: 

1( )
2F

C

G s
U

=               (3) 

Current controller adopts the traditional PI algorithm: 

0 0( ) P I
CC

K s K
G s

s
+

=            (4) 

This paper, by using grid voltage producing sine 
factor of the grid current active components, makes sine 
factor multiplied by the output of voltage controller to get 
desired grid active current * ( )Si t . Thus, * ( )Si t  is the 
same frequency and phase sinusoidal quantity with grid 

voltage, the period of 20ms. So, the design of current 
controller parameters is particularly important. 

B.  Design of Current Controller Parameters 
Figure.2 shows, the transfer function of grid current 

for its control reference signal is: 

0 0
0 * 2

0 0

( ) 2 ( )
( )

( ) 2 ( )
S C P I

S C P I

I s U K s K
G s

I s Ls U K s K
+

= =
+ +

   (5) 

Because *( )Si t  is a periodic quantity of 20ms, the 
closed loop transfer function requires a certain bandwidth 
to make the current loop has a good band pass 
characteristic for reference signal on 50Hz. 

By Formula (5), the characteristic equation for current 
loop is: 

2
0 0( ) 2 ( )C P Is Ls U K s KΔ = + +       (6) 

Undamped natural frequency Iω  of current loop is 
m times power frequency uf , to: 

02
2 3C I

I u
U K

m f m
L

ω π= = ≥      (7) 

Thus obtained: 

2

0
( 2 )

2
u

I
C

L m f
K

U
π

=            (8) 

Current loop’s damping ratio Iξ  by (9) to determine: 

0
1

2
2 C I

I
U K

l
ξ ω =             (9) 

Critical damping design of current loop, 
namely 1Iξ = , available: 

0
2 u

P
C

Lm f
K

U
π

=             (10) 

IV.  VOLTAGE LOOP CONTROL 

A. Voltage Loop Description 
This paper based on the energy balance theory, 

measures the inverter DC voltage. The control box as 
shown in Figure.3, α  is the constant coefficient, 

( )cuG s  for voltage controller. The working principle of 
voltage loop is that the DC capacitor voltage ( )CU t  is 
lower than the set point * ( )CU t , when the active power 
filter is started. * ( )Si t  is relatively higher, so it can 
control ( )Si t  containing the extra active current 
component to charge DC side capacitor, leading to 

( )CU t  voltage rising. When the DC voltage reaches its 
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expected stable voltage, the expected gird active current 
* ( )Si t  only contains the active component of load current 
( )Li t  and the power consumption in electric current of 

inverter. Otherwise, DC voltage will change. 

( )Su t

( )cuG s
* ( )Si t

dt

*
CU

++

+

+
−

α

( )CCG s×

1
2 CU

−

−

+
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Figure.3 DC voltage control loop of inverter 

In this paper, using traditional PI controller as the 
voltage loop controller tracks and controls the DC 
voltage: 

1
1( ) I

cu P
K

G s K
s

= +              (11) 

B. Parameters Design of the Voltage Controller 
According to the principle of energy conservation, 

available: 

( ) ( ) ( )S L FP t P t P t= +              (12) 

Among them, ( )SP t , ( )LP t  and ( )FP t , they 
respectively mean the active power of grid output, the 
active power of load absorption and the active power of 
grid connected inverter system absorption. 

If the current loop can well control ( )Si t  and track 
*( )Si t , it means: 

*( ) ( ) ( ) ( )S S Si t i t u t w tα= =          (13) 

Among them, ( )w t  as the voltage controller output, 
then it gets: 

2( ) ( ) ( )S S S sP t U I t w t Uα= =          (14) 

Among them, SU  and ( )Si t  are effective values of 
voltage and current. 

Ignoring the loss of inverter, the voltage changes of 
DC capacitor C is determined by active power ( )FP t  of 
inverter’s absorption: 

2 2

0

1 1( ) [ ( )]
2 2

t

F C CP t dt C U uc t CU= + Δ −∫   (15) 

On (15), for Laplace transform and ignoring the effect 
of 2 ( )Cu tΔ  available: 

( )
( ) F

C
C

P s
u s

sCU
Δ =               (16) 

So we can draw the DC voltage ( )Cu t  incremental 
control block diagram that is shown in Figure.4. In figure, 

( ) 1 / ( )u CG s sCU= . 

× ( )cuG s 2
SUα( )w t ×

( )LP t
( )FP t

( )SP t
( )uG s
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−
+
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−

 
Figure.4 Block diagram of DC voltage increment control 

As shown in Figure.4, we can get the characteristic 
equation for the voltage loop: 

2 2 2
1 1( ) C S P S Is CU s U K s U Kα αΔ = + +      (17) 

In order to reduce the influence of the DC voltage by 
grid voltage and load current, natural frequency of 
voltage loop for power frequency uf  1/n, gets: 

2
12 u S I

u
C

f U K
n CU
π α

ω = =            (18) 

Thus obtained: 

2

1 2 2

(2 )u C
I

S

f CU
K

n U
π

α
=             (19) 

Voltage loop’s damping ratio meets: 

2
12 S P

u u
C

U K
CU

α
ξ ω =               (20) 

The voltage loop critical damping, 1Iξ = , to: 

1 2 2

2 u C
P

S

f CU
K

n U
π
α

=                (21) 

V.  EXPERIMENTAL INSTALLATION 
To verify the proposed method, an experimental 

prototype is manufactured in this paper. Inverter uses 
IPM module construction of Mitsubishi Company and the 
module type is PM15CSJ060. Filter inductance is 
500 Hμ , and DC capacitor is 470 Fμ ; inverter DC side 
voltage is 400V, and switching frequency is 20kHz; If we 
use parameter α = 0.01, which makes the maximum 
value of ( )u tα ｓ  about 3.11V (power supply voltage is 
220V), we ensure that the multiplier output will not 
saturate easily; if we use parameter m = 3, we can get 
the current loop controller parameters 0PK  and 0IK  
respectively are 0.0012 and 0,56; if we use parameter 
n =10, we can get the voltage loop controller parameters 
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1PK  and 1IK  respectively are 0.017 and 0.27; The 
power supply voltage is 220V, frequency for 50Hz; 
harmonic source for the two diode bridge rectifier with 
resistance capacitance load 

VI.  EXPERIMENTAL RESULT 
Figure.5 shows waveform and spectrum before the 

filter process, we can see the grid current serious 
distortion without active power filter. 

 
Figure.5 Waveform and spectrum of grid current without active power 

filter 

Figure.6 shows the steady waveform and spectrum of 
grid current after active power filter worked, which used 
the method from this paper. We can see that every 
harmonics of grid current equally gets effective filtering. 
Before getting filtering, the total distortion rate of grid 
current is 61.8%, and after getting filtering it is 6.6%; the 
power factors are respectively 0.77 and 0.99. 

 
Figure.6 Waveform and spectrum of grid current with proposed active 

power filter 

Figure.7 shows the dynamic response waveform 
which has not introduced the active power filter of 
feed-forward control. We can see that large impulse 
current is produced by active power filter. 

 
Figure.7 Dynamic response waveform of active power filter without 

feed-forward controller 

Figure.8 shows the dynamic response waveform 
which has introduced the active power filter of 
feed-forward control. We can see that small impulse 
current produced by active power filter. 

 
Figure.8 Dynamic response waveform of active power filter with 

feed-forward controller 

VII.  CONCLUSION 
This paper manufactures a low cost active power filter 

and realizes harmonic and reactive power compensation 
at the same time. The switch averaging method makes 
modeling and analysis to high switching frequency of 
inverter, introducing the feed-forward control to reduce 
the grid voltage and DC voltage on the effect of 
controlled current and restraining impact current when the 
grid voltage system starts up. What’s more, it uses the 
control of DC voltage, without complex mathematical 
operation, to directly obtain the reference signal of 
controlled current, simplifying the control algorithm and 
simultaneously saving detection circuit and PLL circuit of 
load current. 
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