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Abstract: Aimed to the selection of the PID parameters are very difficult in the rectifier design, and can’t 
realize the online self-turning function of the PID parameters, the three phase voltage source PWM aviation 
rectifier based on neural network PID control is designed in this paper. This paper analyzes the principle of the 
voltage source PWM rectifier based on traditional SVPWM, and improves the control algorithm, and completes 
the hardware design. In addition, the control algorithm, and the circuit are verified through actual experiments. 
In this rectifier, the PID parameters can realize the function of the online self-turning. The experimental results 
show that the three-phase PWM rectifier based on neural network control can decrease the harmonic distortion 
and the power factor reaches to 0.991, which can supply help for the design of the three-phase voltage high 
power factor aviation rectifier. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

In recent years, with the continuous development 
of electron device with high power and frequency, 
high voltage direct current transmission becomes the 
trend of the development of aviation power system, 
the new aviation rectifier of high power factor 
rectifier and digital implementation is the research 
hotspot. In order to improve the power factor of the 
voltage rectifier, the harmonic pollution of power 
electronic equipment and low power factor need 
solve in research, therefore, the research of the new 
rectifier or its control strategy has become very 
important. The three-phase voltage source PWM 
rectifier, which has the characters of steady output 
voltage and unity power factor and so on, becomes 
the focus. The direct current control methods have 
the advantages of fast dynamic response. In the three-
phase voltage source PWM rectifier control strategy 

study, the current control methods of current loop 
mainly include the one cycle control [3], the PWM 
current control with fixed switching frequency [4], 
the predicted current control [5-8], the direct power 
control method [9], and so on. 

Compared with the traditional sine pulse width 
modulation (SPWM), the three-phase voltage source 
rectifier with space vector PWM (SVPWM) control 
not only has high DC voltage utilization, fast 
dynamic response characteristics, but also has the 
characteristic of easy digital realization, so this type 
rectifier has been widely studied. The study found, 
the incremental PID controller has the character of 
algorithm simple and easy to be realized, but the 
control parameters of the PID controller tuning on-
line has certain difficulty. So, the new Neural 
network PID controller, which combine the neural 
network with PID control, can achieve on-line PID 
controller parameter tuning through the online 
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learning, and achieve good control effect. In paper 
[9], the direct power control [10] of the rectifier 
based on SVPWM control, the feasibility and 
effectiveness of the control scheme have been 
verified. The incremental PID algorithm is studied in 
paper [11-13], the simulation results shown that this 
controller has high control precision compared with 
traditional PID controller. While, the BP neural 
network PID controller scheme by using DSP has 
been realized and achieved good results [14]. 
 
 

2. The Three-phase Voltage Source 
Rectifier Based on SVPWM Control 

 
The schematic diagram of the three-phase voltage 

source rectifier based on SVPWM control is shown 
in Fig. 1, it works by using the reference frame 
theory that transfer the three-phase static coordinate 
system into a two-phase rotating coordinate system. 
Then the six PWM control signal can be generated by 
using the space vector control algorithm, which can 
achieve the precise control of the switch. At last, the 
rectifier can afford the desired DC voltage. Double-
loop control structure of the control system is 
composed of one outer voltage loop and two inner 
current loops. The voltage loop is mainly used for the 
control of the DC output voltage of the three-phase 
VSR. The main function of current loop is the current 
control which is according to the voltage loop 
regulator output the current instruction. From the 
chart we can see that the three-phase current 
sampling through the CLARK and PARK coordinate 
transformation to the di  and qi  at two-phase rotating 

coordinate system. The voltage error signal can as 
active current command value after the PI regulation, 
and the reactive current *

di  command value can be set 

to zero. Then get the command voltage three-phase 
VSR by decoupling, and the three-phase rectifier 
control signal is obtained by SVPWM algorithm. 
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Fig.1. Schematic diagram of three-phase VSR based  
on SVPWM control. 

 
 

The rectifier based on the traditional SVPWM 
control algorithm used the PID control is simple and 
easy to implement, but the control parameters of the 
PID controller can not realize the function of the 

online self-turning and obtain the satisfy results, 
which needs to be further improved. 
 
 

3. The Incremental PID Controller Based 
on Neural Network 

 
The traditional incremental PID refers to realize 

the output of digital controller to control the 
incremental ( )u kΔ .When the implementing agencies 

need the incremental of control, we should use the 
incremental PID control. 

According to the associated references on  
PID control, we know that the formula of PID 
controller is:  
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where , ,p I DK K K  is the proportional coefficient, 

the integral coefficient and the differential coefficient 
respectively; ( )e j  is the input deviation value of the 

jth sampling; ( 1)u k − is the output of the (k-1)th 

sampling. The incremental of the PID control 
algorithm for the corresponding is: 
 

( ) [ ( ) ( 1)] ( )P Iu k K e k e k K e kΔ = − − +  

[ ( ) 2 ( 1) ( 2)]DK e k e k e k+ − − + −  
 

In the traditional incremental PID controller, 
, ,p I DK K K  the three parameters is difficult to 

adjust, it increases the difficulty of system design. 
However the neurons have the characteristics of self-
learning, adaptive ability and easy to calculate, so the 
improved neural network incremental PID  
control algorithm can be implemented the control 
parameters online setting. It can effectively solve the 
problem that the traditional PID controller parameters 
tuning difficult. 

The input of neurons can be defined as follows: 
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The corresponding single-output function is: 
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where 1ω , 2ω , 3ω  are the weighting coefficient 

corresponding the ( )ix k  ( 1, 2,3i = ). The above three 

parameters using supervised learning rules and the 
learning algorithm is defined as follows: 
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where Pη , Iη , Dη  are using three kinds of learning 

rate. Therefore, the neural network incremental PID 
control can adjust the weighting coefficients to 
realize parameter tuning. So we can reduce the 
difficulty of selection proportion, integral and 
differential coefficient, and improve the efficiency of 
design system. 
 
 

4. The Rectifier Design Based on Neural 
Network PID Control 

 
The schematic diagram of three-phase voltage 

source PWM rectifier based on neural network PID 
control is shown in Fig. 2. The rectifier is controlled 
mainly by the 6 switch on and off, let the net side 
current track the net voltage well, so as to achieve 
high power factor. The traditional SVPWM control, 
the VSR upper bridge power switch needs to switch 6 
times in one switching period, so result greater 
switching losses. In order to reduce the switching 
frequency and decrease the switch loss, five SVPWM 
control [12, 13] was used in this paper. Therefore, in 
a switching period, the VSR upper bridge power 
switch only need to switch 4 times. The harmonic is 

mainly in integer multiples of the switching 
frequency, due to the switching function waveform 
symmetry. In the SVPWM control rectifier use dual-
loop control structure. The outer voltage loop is 
mainly used for the control of three-phase rectifier 
DC output voltage. The inner current loop is used for 
the control of current that according to the instruction 
current of outer voltage loop PID controller. The 
control circuit diagram is shown in Fig. 2. The PID 
controller of the three loops are using neural network 
PID control, which is beneficial to the learning 
process to realize the PID parameter, so as to obtain 
satisfied control effect. 

It is shown that the three-phase current of the net 
side transfer from CLARK and PARK to acquire the 
two-phase current di and qi n the rotating frame  

in Fig. 2.  
The voltage error signal through the neural 

network PID controller can obtain the active current 
command value, at the same time the reactive current 
instruction value is set to zero. Then the command 
voltage of three-phase rectifier is obtained through 
decoupling. Last, the control signal of three-phase 
rectifier is obtained by SVPWM algorithm, and then 
realized the control of rectifier switch. 
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Fig. 2. Schematic diagram of three-phase VSR based on neural network PID control. 
 
 
 

5. Neural Network PID Algorithm and 
the Flowchart of SVPWM Algorithm 

 

In this paper, the neural network PID algorithm of 
the paper [10] was used. The realization of the 
algorithm is as follows: 

1) The initialization parameter (K=2), such as 

Pη , Iη , Dη  and the inertia coefficient; 

2) Obtain the values ( )r k  and ( )y k , and 

calculate the deviation ( ) ( ) ( )e k r k y k= − and ( )e kΔ ; 

3) Calculate 1( )x k , 2 ( )x k  and 3 ( )x k , as the input 

of neural network; 
4) Calculate the neural network input, output, 

then define the output parameters of the output layer 
as Pk , Ik and Dk ; 
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5) Calculate the output of the controller 
( ) ( )u k U kΔ + ; 

6) Limit the output value; 
7) Adjust the weighting coefficients by using 

neural network learning; 
8) Define 1k k= + and return to step (2). 
So, the values 1( )x k , 2 ( )x k  and 3 ( )x k  can be 

obtained, and they are as neural network inputs. The 
three output parameters respectively as three output 
parameters of the PID, and realize the on-line tuning. 

In the design process of three-phase voltage 
source rectifier, the digital signal processor adopt the 
TMS320F2812, it’s the core part of the whole control 
system, which is mainly used to complete the 
calculation procedures, and output the calculation 
result. In the calculation process, the PID tuning is a 
difficult; the voltage loop and current loop are using 
neural network PID controller parameter tuning. 
Then use the improved algorithm to obtain the results 
after the corresponding transform to SVPWM 
subroutine. The SVPWM subroutine [13] is an 
important part of the software, the program flow 
diagram is shown in Fig. 3.  
 
 

 
 

Fig. 3. Flowchart of SVPWM algorithm. 
 
 

This subroutine first according to the given uα  

and uβ  to determine the reference voltage vector V ∗  

located sectors, then calculation X, Y, Z; then 
according the reference voltage vector V ∗  located 
sectors to determined 1T  and 2T , then judge if there is 

over-modulation, if it exists, the new 1T  and 2T  

should be calculated accord to the equation (3): 
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Finally determine the vector switching points and 
will produce the output signals of the PWM wave.  
 
 
6. The Hardware Circuit Design of the 

Control System 
 

In the design process of rectifier, the hardware 
circuit design [13] of control system is very 
important. The digital control circuit use 
TMS320F2812 as the core processor, which is 
mainly used to achieve the acquisition and processing 
of data. It is shown in Fig. 2, the voltage and current 
signal that sampling from the voltage sensor and the 
current sensor. The output single after a condition 
circuit conditioning the amount of voltage 0-3 V to 
the TMS320F2812 AD port, and then enter the 
TMS320F2812 core processor. In the processor we 
through programming to realize the three-phase static 
coordinate system to two-phase rotating coordinate 
system and improve the function of PID regulator. At 
last the TMS320F2812 event manager A output a 
series of PWM switch signal, and after isolation drive 
the switch signal to the drive circuit to drive the 
power device of main power board, so as to realize 
the control of the rectifier switches. 
 
 
6.1. TMS320F2812 DSP Introduction 
 

TMS320F2812 is the 32 bit fixed-point digital 
signal processor that is a new generation of low price, 
high performance introduced by American TI 
Company. It is one of the best DSP chip for digital 
control field performance. The DSP maximum 
process speed can up to 150 MIPS. It can be 
completed 32×32 bit multiply-accumulate operations 
in a single instruction cycle. It integration of the flash 
memory 128K/64K×16 bits (Flash), an external 
RAM can be expanded according to the needs. There 
are abundant peripheral resources on TMS320F2812, 
it mainly include the analog-to-digital conversion 
module (ADC), the event manager module (EV), 
serial peripheral interface module (SPI), serial 
communications interface module (SCI), CAN 
controller module (eCAN) and so on. In terms of 
software, the integrated development environment of 
Code Composer Studio3.1 that TI company provide 
could realize C/C++ compiler, assembler, linker and 
debugging Windows programs based on the user. 
And it can be analyzed DSP targets by the host 
computer and real-time analysis tools. 
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6.2. The Voltage Adjust Circuit Design 
 

If the TMS320F2812 want to realize the AC 
voltage real-time accurate sampling and processing, it 
requires to condition the obtain voltage signals to 
DSP within the allowed range. In the design, the 
system given the three-phase input voltage is 
115 V/400 Hz, sampling by selecting the ratio for 
10:1 transformer.  

We can obtain the sine signal is about 11.5 V of 
the effective value and then through the conditioning 
circuit conditioning voltage signal to 0~3 V. The 

conditioning circuit is consists of a voltage follower, 
addition and reverse circuit, as is shown in Fig. 4. 
The selected chip is LM324N, the concrete 
realization of the process are as follows: the 
acquisition of the voltage signal conditioning to 
±1.5 V through appropriate filter attenuation circuit, 
and then through an adder circuit can get a -3~0 V 
voltage signal, last through a inverter converts the 
signal into voltage signal between 0~3 V, into the 
AD interface and DSP. 

 
 

 
 

Fig. 4. Voltage adjust circuit. 
 
 
6.3. The Current Adjust Circuit Design 
 

Acquisition and conditioning of the AC side 
current signal is a prerequisite to achieve current 
double closed loop control. In this design we choice a 
LA28-NP current sensor that is produced by LEM 
Company. It is a closed loop compensation current 
sensor using a Holzer effect, has the characteristics of 
linear excellent accuracy, good reliability and strong 
anti-interference ability. Part parameters of the 
current sensors: the primary side rated effective value 
is 25 A, the secondary side rated effective value is 
25 mA, the response time is less than 1 sμ , the linear 

degree is less than 0.2 % and the room temperature 
25°С, accuracy is ± 0.5 %. The conditioning circuit is 
similar to voltage regulator circuit, we will not  
be described. 
 
 

6.4. The DC Voltage Adjust Circuit Design 
 

In the design process of rectifier, the DC voltage 
signal acquisition and use optcoupler isolation, and 
then feedback to the control circuit. The reference 
voltage value (the design for given values is 350 V) 
difference after neural network PID control into the 
current loop given value, so as to realize the real-time 
tracking control of DC side voltage. For the DC side 
voltage output is 350 V, so we design double input 
amplification circuit consists of operational amplifier. 
And we will be the output DC voltage conversion to 
0-3 V range by choosing reasonable parameters 
values. Then send it to the AD interface of 
TMS320F2812. So the high and low voltage isolation 

purposes on. Collecting and conditioning circuit for 
DC voltage consist of two operational amplifiers that 
with two input single output circuit and the 
operational amplifier use the OP07 general-purpose 
amplifier. The positive terminal of the DC side is 
connected to the negative terminal of the first 
operational amplifier. And the negative terminal of 
DC voltage is connected to the in-phase input 
terminal of the operational amplifier. The output 
signal of the first operational amplifier through 
reverse then it is delivered to the AD interface of the 
TMS320F2812. 
 
 
7. The Experiment Verification 
 

In order to verify the feasibility and correctness of 
the control algorithm, a prototype is developed and 
conducted related experiments. For the prototype, the 
part of the hardware includes the main circuit and 
control circuit, digital signal processor 
TMS320F2812, the net side inductance is designed 
by the output power requirements, and select the 
three phase inductance value of 4 mH, the DC side 
capacitor value is 2200 μF ; the software includes the 

main program, interrupt service subroutine etc. 
According to the design requirements, the output 
power is 3 kW, the three-phase input power is 
115 V/400 Hz, the switching frequency is 5 kHz, the 
DC output voltage is 350 V. Test of network side 
C phrase input voltage is similar to the C phrase input 
waveform current as shown in Fig. 5, and the load of 
DC output voltage waveform is shown in Fig. 6, the 
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DC output voltage stability in the vicinity of 350 V. It 
can be seen from Fig. 5 that the C phrase input 
voltage is basically the same phase as the  
input current. 

 
 

 
 

Fig. 5. Voltage and current waveforms of C phase. 
 
 

 
 

Fig. 6. Voltage waveforms of DC side. 
 

In order to measure the total harmonic content 
determination of the rectifier and power factor of the 
design of rectifier, we use the laboratory existing 
aircraft electric parameter test system module for 
corresponding data analysis. Through running the 
harmonic analysis module and the power factor 
analysis module of the system, and analyzed the data 
collected, we achieved the total harmonic content of 
C phase current is 5.23 % and the fundamental 
frequency is 400.01 Hz and power factor rectifier 
0.991, as is shown in Fig. 7. When we using the 
traditional PID control on the same experimental 
prototype, we achieved the total harmonic content of 
C phase current is 7.84 % and the power factor is 
0.963. By contrast, it easy to visible that the 
improvement of rectifier control algorithm can 
effectively reduce the harmonic content, and can 
achieve high power factor rectifier. 
 
 

8. Conclusion 
 

The technique is presented in this paper using neural 
network to improve PID control parameters tuning, 
can overcome the PID parameters online tuning 

difficult problem. Through the experiment, we know 
that the used neural network PID control three-phase 
voltage source rectifier voltage wave and current 
wave are basic same phase and can achieve unity 
power factor.  
 
 

 
 

Fig. 7. Current harmonic spectrum. 
 
 

At the same time, when compared the traditional 
PID control with the improved neural network for 
PID control, the neural network control is realized the 
on-line tuning of PID parameters, reduce the 
proportion, integral and differential parameter 
adjusting time, improve the efficiency  
of design. 
 
 

References 
 
[1]. Wu Xiaojie, Luo Yuehua, Qiao Shutong, A control 

technical summary of three-phase voltage-source 
PWM rectifiers, Transactions of China 
Electrotechnical Society, Vol. 20, Issue 12, 2005, 
pp. 7-12. 

[2]. Zhang Hou-Sheng, Design and implementation of 
single-phase high power factor rectifier controlled by 
IR1150, Electric Power Automation Equipment, 
Vol. 27, Issue 6, 2007, pp. 90-95. 

[3]. R. Wu, S. B. Dewan, and G. R. Slemon, A PWM 
AC-to-DC Converter with fixed switching frequency, 
IEEE Transactions on Industry Applications, Vol. 26, 
Issue 5, 1990, pp. 880-885. 

[4]. J. Rodriguez, J. Pontt, C. A. Silva, P. Correa, 
P. Lezana, P. Cortes, U. Ammann, Predictive current 
control of a voltage source inverter, IEEE 
Transactions on Industrial Electronics, Vol. 54, 
Issue 1, 2007, pp. 495-503. 

[5]. Q. Zeng and L. Chang, Development of an SVPWM-
based predictive current controller for three-phase 
grid-connected VSI, in Proceedings of the 40th IAS 
Annual Meeting, Industry Application Conference,  
2-6 October 2005, Vol. 4, pp. 2395-2340. 

[6]. Fang Yu, Qiu Xun, Xing Yan, Hu Yuwen, Research 
on three-phase high power factor correction based on 
predictive digital current controller, Proceedings of 
the CSEE, Vol. 26, Issue 20, 2006, pp. 69-73. 

[7]. Ju Rusheng, Chen Biaoxian, Chen Yan, A novel 
PWM rectifier, Transactions of China 
Electrotechnical Society, Vol. 17, Issue 6, 2002,  
pp. 48-52. 

[8]. Xiao Yongtao, Zhu Li, Research on direct power 
control of SVPWM rectifier based on neuron control, 
Power Electronics, Vol. 45, Issue 1, 2011, pp. 69-70. 



Sensors & Transducers, Vol. 171, Issue 5, May 2014, pp. 25-31 

 31

[9]. Wang Jiuhe, Li Huade, Wang Liming, Direct power 
control system of three phase boost type PWM 
rectifiers, Proceedings of the CSEE, Vol. 26, 
Issue 18, 2006, pp. 54-60. 

[10]. Wang Junqin, Research on incremental PID 
algorithm and simulation based on neural network, 
Modern Electronics Technique, Vol. 18, 2010,  
pp. 121-123. 

[11]. Liu Chang, Design of BP neural network PID 
controllers based on DSP, Computer Engineering & 
Science, Vol. 33, Issue 4, 2011, pp. 154-158. 

[12]. Zhang Chun, Han Ruihua, Jiang Ming, et al, 
Research on simplifier algorithm of the three-phase 

voltage rectifier with SVPWM, Mechanical & 
Electrical Magazine, Vol. 23, Issue 10, 2006,  
pp. 39-41. 

[13]. Zhang Shutuan, Research on aviation high power 
factor rectifier based on SVPWM, Ph.D. Thesis, 
Northwestern Polytechnical University, Xi’an, 2009. 

[14]. Han Yang, Modeling, analysis and design of 
feedback operational amplifier for 
undergraduate studies in electrical engineering, 
TELKOMNIKA Indonesian Journal of 
Electrical Engineering, Vol. 10, Issue 8, 2012, 
pp. 2295-2303. 

 

___________________ 
 

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.epluse.com

