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ABSTRACT 

 
Power Semiconductor switches of active rectifier are characterized by highly nonlinear property, resulting 
in high  harmonic distortion and high ripple voltage on  the DC side. This paper presents advanced control 
using switch function and fuzzy logic for compensating  nonlinear behaviour. The system applies switch 
function of time as the input of control strategy, instead of current and voltage in d-q frame. The fuzzy 
logic controller aims to minimize DC voltage deviation by regulating the line current amplitude. This 
system uses minimum number of sensors, which is the voltage only to avoid the effect of sensor 
nonlinearity to the system. This performance is demonstrated and compared with PI-optimized controller. 
Simulations result have been conducted for variation values of capacitance, inductance and loads. The 
results show that the harmonic distortion and the ripple voltage on the DC side are 0.036 % compared PI-
optimized controller as 5.64 %. 
 
Keywords: Fuzzy Logic Controller,  PI-optimized, Harmonic Distrotion, Optimized Controller 
 
1. INTRODUCTION  
 
     Active Rectifier is widely used in industrial 
applications because it has many advantages 
including unity power factor, low ripple of the DC-
voltage and low total harmonics distortion. Due to 
these features, the active rectifier is a good choice 
for application in industrial drives [1-2].  

    At first, PID controllers were considered as 
simple and robust techniques [6, 9-10]. However, 
one of the drawbacks in using PID control 
techniques was that they were not sufficient to 
obtain the desired tracking control performance 
because of the nonlinearity of the rectifier. Then, 
the method known as fuzzy logic control was 
introduced. This method is able to overcome the 
nonlinear systems.  There are publications 
presenting the miscellaneous results of the Fuzzy 
Logic in application to the control systems of the 
switched-mode rectifier. The first design of the 
fuzzy Logic control system was created to 
overcome nonlinear impedance on the DC side, 
particularly when the characteristics of the DC side 

generation/load are unknown [12]. Later, the 
system with two fuzzy logics is used to control the 
current feedforward and modulation, then, it is 
analyzed to look for high performance even by 
using small passive elements and low swicthing 
frequency [13]. Other publication uses Fuzzy Logic 
controller to optimize the capacitor charge 
/discharge process in a PWM rectifier. This results 
in a regulated output voltage and power factor, even 
during various kinds of perturbations [14].  

     This paper proposed the fuzzy logic controller to 
overcome the nonlinearity of three-phase active 
rectifier. The principle of this Fuzzy Logic was to 
minimize the voltage deviation from its reference 
and to regulate variation of line current amplitude. 
To  control current amplitude, this system did not 
use any current sensor. This is  to avoid the effect 
of sensor nonlinearity to the system. Hence, a fully 
regulated DC voltage was obtained with a low 
harmonic distortion of the line current.  Then the 
control of  the  switching pattern and their duty 
cycle space vector modulation (SVM) with switch 
function as input was used. 



Journal of Theoretical and Applied Information Technology 
30th June 2012. Vol. 40 No.2 

 © 2005 - 2012 JATIT & LLS. All rights reserved.                                                                                                                                      

 
ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195 

 
157 

 

2. PROPOSED CONTROL STRATEGY 
 
    In general, control strategy for switching patterns 
and their duty cycles on the rectifier uses voltage or 
current. This system proposed the use of switching 
function in d–q frame (sd , sq) obtained from the 
calculation from the model transformation. 
Switching function in   d–q frame was converted 
into  α β frame (sα , sβ) and then it was used as the 
input of SVM (Space Vector Modulation) to get 
gate signals, as shown in Fig. 1. The proposed 
system also developed a fuzzy logic to control the 
amplitude of the line current based on the deviation 
of the DC voltage 
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Fig. 1. Block diagram of the proposed control 
strategy 

 

3. THE MODELLING AND DESIGN OF 
THE THREE-PHASE ACTIVE 
RECTIFIER 

3.1    Mathematical Model 
 
     Figure 2. represents the topology of the three-
phase active rectifier proposed. The dynamic model 
of rectifier consists of a three-phase network 
connected to three-phase supply voltage ea , eb , ec 
by assuming a balanced three-phase system, the 
three-phase input line currents  ia, ib, ic  and va, vb, 
vc which represent the three-phase voltages 
generated by the PWM active rectifier.  R and L are 
the resistance and inductance of the line, a 
smoothing capasitor, and the load represented by a 
current source. 
 
     The mathematical model of the three-phase 
system written in space vectors was as follows[15]: 

x(t) = 2/3 [xa(t) + a xb(t) + a2 xc(t)]              (1) 

 

Figure 2.  Three-Phase Active Rectifier System 

     
Where a=ej2π/3 and xa (t) , xb(t) dan xc (t)  were the 
components of the three-phase system. 
Then the mathematical model of the active rectifier 
was analized using space vector: 
v(t) = e(t) - Ri(t) – L di(t)/dt                                       
v(t) = ½ s(t)vo(t)    
io(t) = (3/4) Re{s(t)i+(t)}   
ic(t) = C dvo/dt = io(t) - iL(t)             (2) 
Where 

v(t) =  rectifier input voltages 

i(t) =  rectifier input currents 

i+(t) = complex conjugate of i(t) 
e(t) = the input line voltages 
io(t) = rectifier output current 
ic(t) = capacitor current 
iL(t) = load current 
s(t) = switching function 
vo(t) = output voltage 
The matematical model written in state space form 
was 
dvo(t)/dt = 1/C {3/4 Re{s(t)i+(t)} - i L(t)}       (3) 
di(t)/dt = 1/L [-Ri(t) + e(t) - ½ s(t)vo(t)]       (4) 
When the drop voltage across R was negleted, the 
equation (4) was 
di(t)/dt = 1/L [e(t) – ½ s(t)vo(t)]                            (5) 
The equation in (3),(5) showed that the system was 
nonlinear second order  and its behaviour depended 
on the vector s(t).  
From (5), switching function s(t) could be obtained 
as 
S(t) = 2/vo(t)  [e(t) – L di(t)/dt]        (6) 

 
3.2    Design Current Controller For The Three- 
         Phase Rectifier 
 
    The controller design of the line current had two 
purposes: the first was to obtain line current with 
low harmonic distortion and unity power factor; the 
second was to obtain controlled the dc voltage. 
Thus, the system overall performance of the system 
depended on the design of the current control. 
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3.2.1  Current Sensorless 
   
     The sensor had an important role in determining 
overall system performance because  dynamic and 
static characteristics of the sensor gave the true 
value of the output variable that would be 
measured. So, using minimum number of sensors 
will reduce the effect of noise and complexity of 
the system.  This system eliminated the use of two 
pieces of current sensor so-called current 
sensorless. The system used three of the voltage 
sensors (two AC voltage and one of DC voltage 
sensors). 
 
     The system sensorless work based on the 
Transformation Model, as shown in Fig. 1. 
Equation 10 – 15 shows steps to obtain the switch 
function sd and sq in discrete model  
en = Em exp(jωtn) 
in = Im,n exp(jωtn)  
sn = Sm,n exp[j(ωtn + ϕn)]                                     (10) 
Where tn = nTs  and  tn-1 = (n-1)Ts were the discrete-
time variables and Ts was the sampling period. 
The switching vector sn was obtained from 
calculating variation of the current amplitudo, 
∆Im,n was ouput of Fuzzy Logic Controller. 
Equation (6) was written in discrete as 

 
  

 

        (11) 

From (11) switching vector in d-q frame rotating at 
angular speed  was obtained 

  (12) 

                       (13) 

Where  and 
, equation (12) and (13) 

become 

      (14) 

       (15) 

Equation (14) and (15) are the final formula for sd 
and sq, which are used in Transformation Model 
block in Fig. 1. It was clear that vector switching sd 
dan sq only depended on ∆Im,n

, and  current 
reference was not needed [13].  
 

3.2.2   Fuzzy Logic Controller Design 

     Fuzzy  Logic  Controller  approach   offers   the 
possibility to model a nonlinear system on the basis 
of the knowledge of many not-well defined 
relations among the systems and to design a 
controller that adapts itself to several working 
conditions. 

     A Fuzzy Logic Controller is based on a 
collection of control rules governed by the 
compositional rule of inference. A fuzzy system 
realises a nonlinear correspondence between a 
vectorial input and a scalar output [7]-[8]. 
  
     In this system, fuzzy logic controller was aimed 
to minimize the error (e) by regulating the 
amplitude of ∆Im,n. The Input of fuzzy Logic 
Controller includes voltage variation from the 
reference (e)  and the deviation  (∆e), while the 
output was the variation of the current amplitude  
∆Im,n. The membership functions for input and 
output variables are reported in Fig. 3, Fig. 4 and 
Fig. 5. 

 

Fig. 3. The membership function of output 
voltage variation 

 

 

Fig. 4. The membership function of output 
voltage variation 
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Fig. 5.  The membership function of variation 

current amplitude 
 

3.3  Space Vectors of Modulation 
 

       The component d and q of the switching vector 
(13) were transformed into the α and β components 
of stationary frame and they were used as inputs for 
space vector modulation (SVM). Space vector 
algorithm can be depicted in the flowchart as 
shown in Fig. 6. This algorithm describes the 
process to obtain the control signal switches of the 
three-phase rectifier through a switch reference 
vectors. 
 

βα Sdan  S reference  theof components vector  theDetemine

 

Fig 6.    Algorithm of Space Vector Modulation 
 
3.4 PI Optimized 

 
     The design of  PI Optimized was aimed to tune 
the gains of the PI controller (Kp and Ki) and to 
optimize the response of the plant. The following 
are steps for PI optimized, 
1. apply constraint block  placed at actuator signal 

and output signal. The constraint block showed 
the plant response for each iteration of the 
optimizated process and the black curve 
represented the optimized response. 

2. Run the simulation producing an unoptimized 
response and the initial data for optimization. 

3. Perform the scope block to view the 
unoptimized response. 

4. The output of constraint block to view 
constraints on the plant response, including rise 
time, settling time and maximum overshoot. 

5. In the block parameters window, click the start 
optimization button to begin optimization. The 
model also included the actuator constraint 
block, but you could start optimization from any 
constraint block. The actuator constraint block 
defined the contraints on the actuation signal of 
the controller. 

The result simulation by using PI-optimized 
showed that proportional constant (Kp) was 3.18 
and integral constant (Ki) was 5.024. 
 
4. RESULT AND DISCUSSION 
 
    The proposed controller was evaluated through 
several simulations. This section  present the most 
relevan results. The controller performance was 
tested through simulations on a system which data 
were: nominal load power SN = 7 kW, parameters    
Em = √2 . 220volt, Vdc = 650 volt, ω = 2π x 50 
rad/s , R = 0.3 Ω , L = 8 mH, C =1000 µF. 
     
     Simulation results using the fuzzy logic 
controller were compared to simulation using a PI 
optimized. The purpose of this comparison was to 
obtain good performance of the rectifier system due 
to nonlinear effects.  
 
     Fig.7.  Presents the DC-link voltage with PI 
Optimized and fuzzy logic. The fuzzy controller 
reduced dc-link voltage ripple 0.036 % with respect 
to PI optimized control methode with ripple       
5.64 %.  Fig.8. Demonstrates the line phase voltage 
and current. The simulation results showed that 
THD = 3.956 % and Power factor = 0.9921. 
 

 
.Fig.7. (a). Presents the DC-link voltage with PI 

Optimized 
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Fig. 7(b) with fuzzy logic 

 
Fig.8. demonstrates the grid phase voltage and line 

phasa current 
 

     Fig. 9a demonstrates the three-phase line current 
under the step change of the rectifier load and Fig. 
9b present the rapid transient of the DC link 
voltage.  

 
Fig. 9 (a) 

 
Fig. 9 (b) 

 
Fig. 9. (a) three phase line current and (b) the rapid 

transient of the DC-link voltage 
 
     In this simulation, we observed the rectifier’s 
behavior by varying the values of the inductor and 
the capacitor. Fig. 10 demonstrates the robustness 
of DC voltage of the rectifier using Fuzzy 
controller under various values of capacitance and 
inductance. The system performance was not much 
affected by the change. 

 
Fig. 10 (a) 

 

Fig. 10 (b) 

      Fig. 10. (a). Demontrates the robustness DC 
voltage of the rectifier’s Fuzzy control system to 
the DC link capacitance changes and (b). 
inductance canges. 
 

5. CONCLUSION 

     This paper presented advanced control of active 
rectifier using switch function and fuzzy logic for 
nonlinear behaviour compensation. Two different 
controller structure, fuzzy logic and PI optimized 
controllers, were also presented to compare the 
system performances. Simulation results showed 
that the fuzzy controller had better characteristics  
compared to PI-optimized  control methods, in 
dealing with the nonlinearity behaviour. 
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