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Abstract—In order to improve the quality of power that the 
phase-shifted full-bridge DC/DC boost circuit supply to the 
microgrid and the safety and reliability of its operation, fuzzy PID 
control method is used to achieve phase-shift control of the main 
circuit in the paper. The output DC voltage is controlled by 
adjusting the phase-shifting angle between the leading-leg and the 
lagging-leg. According to the response of the system, fuzzy 
inference is used to change the PID parameters in real time so that 
the control effect of the system can be optimized. Firstly, the 
modeling and simulation are performed by MATLAB/Simulink to 
verify the superiority of fuzzy PID over traditional PID control 
methods. Then the TMS320F28335 DSP chip is used to program 
for the hardware implementation of the control strategy, and the 
feasibility of which is verified by the experimental waveform. 
Finally, the experiment shows that this control technology achieves 
the effective control of the DC/DC boost circuit, which has good 
dynamic and steady state performance and the operation quality 
of the equipment is improved greatly. It has a certain promotion 
value. 

Keywords—DC/DC boost; phase-shift control; fuzzy PID; 
TMS320F28335 

I. INTRODUCTION 

Photovoltaic power generation systems include DC/DC 
booster link and DC/AC inverter link. Among both, the 48V DC 
generated by photovoltaic power generation is used as the input 
voltage of the DC/DC power converter and is inverted through 
the inverter (DC/AC) to a square wave. This process is the key 
to improving the stability and dynamic performance of the 
system. Then the high-frequency pulse transformer is used to 
carry out isolation and boosting of the AC square wave, and then 
which is rectified (AC/DC), but it will generate certain 
harmonics. Therefore, it is necessary to filter the harmonics with 
a filter and eventually 400V DC voltage is output. The quality of 
the output voltage will affect the operating efficiency of the post-
stage DC/AC inverter or DC load operation to some extent. 
Therefore, the DC/DC boost circuit not only has the function of 
the distributed power supply and supplies power to the microgrid, 
but also manages and improves the power quality of the 
microgrid and improves the security and reliability of micro-grid 
operation. However, at present most of the products on the 
market only have the function of inverter power. In addition, 
because the system itself has a strong non-linear characteristic, 
it is difficult to establish an accurate mathematical model. 
Therefore, the traditional PID control accuracy of the system 
will be low and the desired control effect can’t be achieved. 

In view of the above problems, this paper proposes that the 

fuzzy PID parameter self-tuning optimization control strategy is 
applied to the phase-shifted control of the booster circuit, and 
MATLAB/Simulink modeling simulation of which is performed. 
The TMS320F28335 DSP chip is used for programming and the 
control strategy is verified on the hardware. And satisfactory 
experimental results are obtained. 

II. PHASE-SHIFT CONTROL STRATEGY BASED ON FUZZY 

PID ALGORITHM OPTIMIZATION 

In this paper, in order to make the DC/DC booster circuit 
output a stable DC bus voltage, the phase-shifted full-bridge 
control method is adopted by adjusting the phase difference of 
time when switching devices are turned on that means phase 
shift angle θ between the leading-leg Q1, Q3 and the lagging-leg 
Q2, Q4 in the main circuit to control the magnitude of the output 
voltage [1]-[2]. As shown in Figure I is the main circuit phase 
shift control block diagram. In this design, the main circuit 
adopts the ZVZCS PWM DC/DC converter. In terms of control, 
the DC output voltage on the load side is sampled and fed back 
and closed-loop control is implemented. 
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FIGURE I.  THE MAIN CIRCUIT PHASE SHIFT CONTROL BLOCK 

DIAGRAM 

The closed-loop control method of this design is to detect the 
output DC voltage. If its value is greater than set value of the 
voltage, the phase shift angle θ will be increased to reduce the 
time for turning on diagonal switch devices at the same time, 
then the load voltage will be decreased accordingly. On the 
contrary, when its value is smaller than the given value, the 
phase shift angle θ will be decreased to increase the time that the 
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diagonal switches are turned on at the same time, so that the load 
voltage increases accordingly. Because of the complementary 
formation between the upper and lower arms, it is necessary to 
set the dead time Td in order to prevent the occurrence of the 
shoot-through problem. So strictly speaking, the phase shift 
angle θ varies [0, π-Td/2]. 

A. Traditional PID Control Principle 

As shown in Figure II, the traditional PID is a linear control 
method. In the above process, the actual output DC voltage can 
be defined as Ud and set value of the voltage is defined as Vref, 
so that the control error can be obtained as e=Vref-Ud. Then the 
control error e is proportionally, integrally, and differentially 
calculated and the results of the above three operations are added 
to obtain the output u of the PID controller. The transfer function 
between the phase shift angle θ (the controlled variable) and it 
is: 

* / arccosp i du k e k edt k de dt L            (1)
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FIGURE II.  TRADITIONAL PID CONTROL BLOCK DIAGRAM 

In the formula: kp, ki, kd, L—proportional coefficient, 
integral coefficient, differential coefficient and linear adjustment 
coefficient. 

The relationship between the phase shift angle θ and the 
phase shift time t is: 

t = θ*T / 2π                                     (2) 

In the formula: T—switching cycle. 

When the traditional PID is used for phase-shifted closed-
loop control, the actual voltage is continuously approached to 
the given value by adjusting the phase-shifting time between the 
leading-leg and lagging-leg.

B. Fuzzy PID Control Optimization 

Because the phase-shifted full-bridge DC/DC boost circuit 
has strong nonlinearity and time-variation, it is difficult to 
accurately model it. In order to effectively reduce the influence 
of high-frequency interference and noise caused by the 
switching device on the main circuit, to make it more robust and 
ensure the system to run safely and stably, this design introduces 
fuzzy control on the basis of the traditional PID control. The 
algorithm, namely fuzzy self-tuning PID, makes PID control 
also applicable to nonlinear systems. According to the response 
of the system, fuzzy inference is used to change the PID control 
parameters in real time so that the controller is always 

maintained within the optimal control quality range. 

As shown in Figure III is fuzzy PID controller structure 
diagram. The control error e and the error rate ec are used as 
input values of the fuzzy PID controller to perform fuzzification 
processing, which means that the input quantity is transformed 
from the basic discourse domain to the discourse domain of 
fuzzy sets. According to the fuzzy rules established by the PID 
parameter setting principle, the parameters are revised on the 
basis of the original values of the traditional PID parameters, so 
that they can be self-tuned online. The correction parameters 
ΔKp, ΔKi, ΔKd are taken as the output of the fuzzy controller and 
the expressions of PID parameters Kp, Ki, Kd after on-line self-
tuning are as follows: 
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In the formula: 
* * *, ,p i dK K K —traditional PID parameter 

initial setting value; lp, li, ld—scale factor. 

Traditional PID control

Fuzzy control rule

Controlled 
object

de/dt

Target 
value

Actual 
value

‐

+
error e

Rate of error ec

∆ kp ∆ ki ∆ kd

Parameter 
modification

Fuzzifi-
cation

 
FIGURE III.  FUZZY PID CONTROLLER STRUCTURE DIAGRAM 

The design uses PI parameters self-tuning and only Kp and 
Ki are adjusted. In the process of being controlled, the system 
will have different |e| and |ec| in different stages. The PID 
parameter settings rules can be summarized as the following 
points [3]: 

 If |e| is large, the error should be eliminated as soon as 
possible, so the Kp value should be larger to improve the 
dynamic response performance of the system. And in 
order to ensure the controller’s response speed, the Kd 
value needs to be smaller. At the same time, in order to 
prevent a large overshoot, the integral action needs to be 
suppressed. Usually, Ki=0. 

 If |e| is of medium size, the Kp should be reduced 
appropriately to reduce the overshoot and response 
speed of the system slightly. At this time, Ki can be 
appropriately increased. And due to the reduction of the 
dynamic performance of the system, Kd should be 
moderate and cannot be too large. 

 If |e| is small, the stability of the system is poor. At this 
time, the values of Kp and Ki should both be larger to 
obtain better steady-state characteristics. At the same 
time, in order to prevent the occurrence of overshoot and 
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oscillation, the Kd value can be determined based on |ec|. 
If |ec| is larger, then Kd should be smaller and be 
appropriately valued. 

It is defined that the fuzzy set of the error e, the error rate ec 
and the correction parameters ΔKp, ΔKi are all {NB, NM, NS, 
ZE, PS, PM, PB} representing {negative big, negative middle, 
negative small, zero, positive small, positive middle, positive 
big}. In order to facilitate the implementation on the DSP, the 
membership functions chosen here are trigonometric functions 
with strong sensitivity, as shown in Figure IV. The domain of all 
variables defined is [-3,3], the basic domain of e is [-3,3], the 
basic domain of ec is [-6,6], the basic domain of ΔKp is [-0.6,0.6], 
the basic domain of ΔKi is [-0.06,0.06]. 

 
FIGURE IV.  MEMBERSHIP FUNCTION DIAGRAM 

According to the above parameter setting principle and the 
experience of manually adjusting, the fuzzy rule tables of ΔKp 
and ΔKi can be obtained, as shown in Table I and Table II. 

TABLE I.  FUZZY RULE TABLE OF ΔKP 

e 
  ec 

NB NM NS ZE PS PM PB

NB PB PB PM PM PS ZE ZE

NM PB PB PM PS PS ZE NS

NS PM PM PM PS ZE NS NS

ZE PM PM PS ZE NS NM NM

PS PS PS ZE NS NS NM NM

PM ZE ZE NS NM NM NM NB

PB ZE ZE NM NM NM NB NB

TABLE II.  FUZZY RULE TABLE OF ΔKI 

e 
  ec 

NB NM NS ZE PS PM PB

NB NB NB NM NM NS ZE ZE

NM NB NB NM NS NS ZE ZE

NS NM NM NS NS ZE PS PS

ZE NM NM NS ZE PS PM PM

PS NS NS ZE PS PS PM PB

PM ZE ZE PS PS PM PB PB

PB ZE ZE PS PM PM PB PB

III. HARDWARE COMPOSING OF DC/DC BOOST CIRCUIT 

The basic composition diagram of the DC/DC boost circuit 
designed in this paper is shown in Figure V. It is mainly 
composed with the power main circuit and the DSP control loop. 
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FIGURE V.  THE BASIC COMPOSITION DIAGRAM OF THE DC/DC 

BOOST CIRCUIT 

A. Main Circuit Topology 

At present, the soft-switching mode of the phase-shifted full-
bridge soft-switching circuit can be divided into two categories: 
ZVS and ZVZCS [4]-[5]. Generally, for the typical phase-
shifted ZVS full-bridge converter, the switches on its lagging-
leg are not easy to implement ZVS and it is difficult to 
implement soft switching especially at light loads. The ZVZCS 
PWM converter has the same operation principle as the phase-
shifted ZVS full-bridge converter on the leading-leg and can 
realize zero voltage switching. And its lagging-leg realizes zero 
current switching, so that the above defect of the phase-shifted 
full-bridge ZVS can be solved. The loss of the circulating energy 
inside the circuit is greatly reduced, thereby which effectively 
improves the efficiency of the converter and significantly 
reduces the loss of duty ratio on the secondary side. At this point, 
the range of soft switching will not be affected by the input 
voltage and load. Therefore, this design uses this topology as the 
main power circuit, as shown in Figure VI. 
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FIGURE VI.  THE BLOCK DIAGRAM OF THE MAIN POWER CIRCUIT 

The main power circuit of this DC/DC boost circuit adopts 
the topology structure of DC-AC-DC conversion and is mainly 
composed of inputting filter, full-bridge inverter, high-
frequency booster, rectifier and outputting filter. Among them, 
the rectifying part adopts the bridge rectifier topology with 
uncontrollable diode, which contributes to achieving the booster 
function of the DC/DC circuit. 

Advances in Engineering Research, volume 127

23



B. Control Circuit 

The core of the control circuit is the DSP TMS320F28335 
control chip, which is a Delfino series floating-point MCU based 
on the C2000 TM platform by TI in recent years. Its operating 
frequency is up to 150MHz, which is a very superior controller. 
The chip has a wealth of on-chip peripherals and strong control 
performance. In addition, DSP TM320F28335 control chip also 
has the advantages of low power consumption, strong computing 
power and short development cycle. So it is widely used in motor 
control, digital power supply, industrial drive and other fields 
[6]-[7]. 

In fact, the real-time detection and control of the entire 
system is achieved by the control circuit, which ensures the safe 
and reliable operation of the system. It includes the detection of 
the output voltage, current and MOSFET temperature, and 
analysis and calculation processing of the collected information 
so that the control system can quickly produce a corresponding 
action. The main control process is to send the important 
parameters sampled in the main circuit to DSP for predetermined 
analysis and calculation. Then by obtaining the corresponding 
control data to change the duty ratio of the PWM, the on-off 
control of the switching devices in the inverter part is performed, 
so as to realize the control of the output voltage and current of 
the main circuit. As shown in Figure VII, the control circuit 
mainly includes the DSP control chip, the protection circuit, the 
sampling circuit and the driving circuit. 
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FIGURE VII.  CONTROL CIRCUIT STRUCTURE. 

IV. SOFTWARE IMPLEMENTATION OF FUZZY CONTROL 

When the software design is carried out in a DSP, the 
modular design is required. It is divided into DSP initialization 
module, ADC sampling module, fuzzy PID operation and 
processing module and PWM wave generation module. Among 
these, the fuzzy PID operation and processing module is the core 
and it is connected with other modules.  

The system uses DSP’s powerful arithmetic processing 
function to achieve fuzzy PID control through software 
programming. In the entire process, the CPU timer0 is used to 
trigger the interrupt. As shown in Figure VIII, it is the flowchart 
of the fuzzy PID phase-shift control strategy. The process of the 

interruption subroutine includes: reading the data in the 
sampling register, judging the error and making a corresponding 
calculation, and finally obtaining the phase-shifting angle θ 
(controlled variable), which is sent to the ePWM module to 
change the duty ratio of the PWM wave. 
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FIGURE VIII.  THE FLOWCHART OF THE FUZZY PID PHASE-SHIFT 

CONTROL STRATEGY 

V. EXPERIMENTAL RESULTS 

A. Simulation Analysis Results 

This paper uses MATLAB/Simulink to model and simulate 
the phase-shift control system optimized by fuzzy PID algorithm 
of DC/DC booster circuit. As shown in Figure IX-XI, the phase-
shifted full-bridge ZVZCS circuit, the fuzzy PID control system 
module and the switch driver module are established. The main 
simulation parameters are as follows: R1=R3=10Ω, R2=0.1Ω, C= 
Cd=200μF, Cr=100μF, C1=C3=0.11μF, L=3mH, Lr=0.8μH, 
G1=400, G3=800, G5=1/π, G6=-0.01, G9=0.02, G10=T/2=1*10-5, 
saturation=[-1,1], Pulse Generator sets f=50kHz, Signal opening 
time is 0.45T, Pulse Generator1 delays 0.5T. In order to ensure 
that the upper and lower bridge arms will not be turned on at the 
same time, the dead time of 0.1T is reserved. 

 
FIGURE IX.  THE SIMULATED CHART OF THE PHASE-SHIFTED 

FULL-BRIDGE ZVZCS CIRCUIT 
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FIGURE X.  THE SIMULATED CHART OF THE FUZZY PID CONTROL 
SYSTEM 

 

FIGURE XI.  THE SIMULATED CHART OF THE SWITCH DRIVER 
MODULE 

As shown in Figure XII, in order to verify the effectiveness 
of fuzzy PID control, this paper compares the traditional PID and 
fuzzy PID control simulation. In the traditional PID control, Kp, 
Ki is set to an initial value of 400, 0.1. As can be seen from the 
figure, with the traditional PID control method the output 
voltage has a large overshoot in the startup process. When 
t=0.01s, the voltage is stable, but there is still a certain steady-
state error, so the control effect is not ideal. While with the fuzzy 
PID parameter self-tuning control method the voltage overshoot 
is small in the startup process and quickly approaches the target 
value, reaching the steady state. It can be seen that fuzzy PID 
control solves the problem and deficiency of the traditional PID 
control.  
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FIGURE XII.  COMPARISON BETWEEN TRADITIONAL PID CONTROL 

AND FUZZY PID CONTROL OF OUTPUT VOLTAGE 

B. Prototype Experiment Results 

According to the above mentioned fuzzy PID phase-shift 
control scheme, an experimental prototype is designed. Its main 
technical indicators are: 

 Input voltage: DC48V±10%; 

 Output voltage: DC400V±5%; 

 Output current: 1.25A; 

 Switching frequency: 50kHz; 

 Rated power: 500W; 

 Transmission efficiency: 95% or more; 

The output voltage waveform at the rated load of the 
experimental prototype is shown in Figure XIII. From the actual 
reading, it can be seen that the response time of the output 
voltage rising from 0V to 400V is about 2ms. The system has a 
fast response speed and the stable output voltage after the system 
is stable, which has good steady-state performance. 
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FIGURE XIII.  RESPONSE DIAGRAM OF OUTPUT VOLTAGE 

VI. CONCLUSION 

The DC-DC booster circuit designed in this paper adopts 
fuzzy PID phase-shift control technology. Compared with the 
traditional PID, the control performance is superior with high 
dynamic performance and voltage regulation accuracy. 
Combined with the faster sampling speed and operation speed of 
the DSP chip, various complicated control algorithms can be 
quickly and efficiently implemented to achieve effective control 
of the system. Through simulation and analysis, it can be seen 
that this design is reasonable and the system meets the 
requirements of fast response and stable work, which has been 
verified on the prototype test. Therefore, this helps to improve 
the quality of power that the phase-shifted full-bridge DC/DC 
boost circuit supply to the microgrid and the safety and 
reliability of its operation. It has certain promotional value. 
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