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Abstract. This paper introduces the basic principle of Boost circuit topology and photovoltaic
maximum power point tracking technology.According to the characteristics of photovoltaic cells
output nonlinearity, this paper designs a fuzzy-PID controller to track the maximum power point of
PV cell. The controller can control the voltage of photovoltaic cells.By changing the duty ratio of the
switch tube and then control the output power of photovoltaic cells.The ssimulation model is
established in Simulink. The simulation results show that the controller can track maximum power
point of photovoltaic cell rapidly and stably.

Introduction

The world's energy shortage and pollution problems have become more and more serious.
Development and utilization of clean, renewable energy has attracted much attention. Human beings
must as soon as possible to seek a new alternative energy or renewable energy generation of natural
energy. Research and practice show that energy of the direct solar radiation to the earth isrich and and
does not pollute the environment. It is internationally recognized as the ideal alternative energy.
Whether from the economic and socia sustainable development, or from the earth ecological
environment for human survival level to look at, the devel opment and utilization of solar energy is of
great strategic significance. The solar photovoltaic power generation is an important part of solar
energy utilization. Photovoltaic cells affected by sunlight intensity and environmental temperature,
the voltage will change and the output power will also change. The photovoltaic cell is a kind of
unstable energy. Under different illumination and temperature conditions as far as possible electrical
energy output, It has important significance to improve the power efficiency of solar cell. This paper
presentsaBOOST based circuit, It adopts fuzzy-PID double model control method to realize the solar
maximum power point tracking.

System model

The mathematical model of photovoltaic cells

At present, the use of solar battery in photovoltaic system is mostly silicon solar cell. Figure 1 is
the equivalent circuit of photovoltaic cells. The equivalent series resistance Rs of the idea
photovoltaic battery is small, and the equivalent paralel resistance Ry, is very big. Usually for
monocrystal line silicon or polycrystalline silicon photovoltaic cell, they can be ignored.
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Fig. 1 Equivaent circuit of the photovoltaic battery
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Output characteristic equation of photovoltaic cells:
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Formula 1 isthe most basic analytical expressions based on physical principles, It has been widely
applied in solar cell theory analysis, It is difficult to identify the parameters in the expression. solar
cell model for Engineering usually requires several important technical parameters by suppliers, such
as ls;, Voo, 10,Vo ,P. The characteristics of reproduction can be in a certain precision array, and can
facilitate the computer analysis. Output characteristic equation of photovoltaic cells:
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Inthe formula, Ris the series resistance of photovoltaic cells, Vo is an open circuit voltage, V p-

Impare voltage and current corresponding to the maximum power point, a istemperature coefficient

current changes (Amps/°C) In reference to sunlight condition, b isthe temperature coefficient of the

voltage change (V/°C) In the reference temperature.
PV cell characteristic

[-V characteristic curve of solar cell is the most important aspect to photovoltaic system
analysis.Thel-V characteristics of photovoltaic cell isthe relationship between the output voltage and
output current of photovoltaic cell in acertain intensity of sunlight and temperature. shown in Figure
2. 1-V curves indicated that the photovoltaic cell is not a constant voltage source and it is not a
constant current source, It isanonlinear DC power supply. Each point on the curve only corresponds
with the output power of the photovoltaic cell on the operating voltage. Py, is the maximum power
output of the photovoltaic cell. Uy, and I, are voltage and current of solar cell at the maximum power
point. At a certain temperature and sunlight intensity, the maximum power point of photovoltaic cell
isthe only one. photovoltaic cell characteristicsis shown in Figure 2.
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Fig. 2 The volt ampere characteristic curve of PV cells
Themain circuit of Boost
The system uses Boost converter, It isakind of switching DC voltage boost circuit and can make
the output voltage higher than the input voltage. It has the advantages of simple structure, high
efficiency, small size advantages. As shown in Figure 3.
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Fig.3 Topology of Boost circuit
A large value of assuming inductance L, Boost circuits work in continuous current mode (CCM) ,
The current is substantially constant. The capacitor value C is great. VT conduction time is Ton,
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Inductance L stored energy isU, |, T,,. When the VT isin off state, U, and L together charge to
capacitor C, and provide energy totheload RL, VT off timeis Toff, During this period, the inductance
energy released is (UO -U pv)I T - When the circuit isin a steady job, aperiod T inductance energy
absorption and release of energy are equal.
UPVII on:(Uo'Upv)IlToff (3
Theduty ratio: D = Ton = T

T Ton +Toff
So The relationship of output voltage and the duty cycle:

Ton +Toff 1
0= Up = U (4
T 1- D

Based on the formula 4, the output voltage of the photovoltaic cell is proportional to the duty cycle.

Design of the controller

Design of PID controller
The control algorithms of digital PID controller :
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In order to facilitate the computer program, the above formula becomes Formula 6:
Kk
ulk) =K, elk) + K a )+ K[elk) - k-1 (6)
j=0

e(k) In the formula is input of the digital PID controller; &j)is the deviation of k sampling time;
u(k) is the K point sampling output of digital PID controller; T is the sampling period, K;is the

integral coefficient, K, = Kp% ; K4 isthe differential coefficient, K, = Kp-l_;_—d;

Incremental digital PID control algorithm:
Du(k)=u(k)- ulk- ) =K, [elk)- k- ]+ Kielk)+K,[elk)- 2dk- ) +elk-2)] @

The control variable of digital PID controller isthe duty ratio of D and the deviation signal is DP,
it can find the maximum power point according to figure 2 and figure 3, The relationship between
CD and DP:

(DIf DU (k) >0andDP >0, At this point in the left side of the maximum power point, the duty ratio

should continue to increase, That isCD>0; If DU (k) > 0andDP < 0, At this point in the right side of

the maximum power point, the duty ratio should be reduced, That isCD<0;
)1f DU(K) <0and DP>0, At this point in the right side of the maximum power point, the duty ratio

should continue to reduce, That isCD<0; If DU(k) <Oand DP < 0, At this point in the Ieft side of the

maximum power point, the duty ratio should be increased, That isDD >0;
According to the above analysis, When DU (k) >0 the output power and duty cycle the same

direction change, When DU(k)< 0 The output power and duty cycle reverse direction change,
incremental digital PID controller can be designed According to the DU (k) situation:

If DU(k)>0, then

DD(k) = D(K) - D(k- 1) =K, [DP(k)- DP(k - 1)] + K, DP(k) + K, [DP(k)- 20P(k - 2)+DP(k - 2)] ®)
ifDU(k)<0, then

DD (k) = D(k)- D(k - 2)=-{K [DP(k)- DP(k- 1)]+ K, DP(k)+ K,[DP(k)- 2DP(k - 1)+ CP(k - 2)} (9)
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PID Matlab simulation model was set up as shown in figure 4. The two unit delay module are
respectively output power P and output voltage V of a sampling period of delay.
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Fig.4 PID controller simulation model

Design of MPPT fuzzy controller
Input and output of fuzzy controller

We can see from Figure 2, the output voltage changes of photovoltaic cells, can make the
maximum output power of photovoltaic cells. formula(3) showsthat the Boost circuit in continuous
current mode (CCM) work, the output voltage is proportional to the duty cycle. Theinput variables of
fuzzy controller can chose power variable AP and voltage variable AU. Output duty isratio D. The
output voltage of photovoltaic cell change by controlling the duty ratio, The maximum output power
points of photovoltaic cells can be found.
Fuzzy subset and domain of input and output variables

Theactual value of voltage variation Eu (n) and the power variation Ep (n) and the duty ratio of step
size Ed (n) Respectively using the quantization factor are mapped to fuzzy set theory domain Eu. Ep
and Ed.Eu, Ep and Ed are defined as 5 fuzzy subsets Negative big (NB), negative small (NS), zero (2),
Positive small (PS) ,Positivebig (PB) Were used to express. That is:
Eu={NB, NS,Z,PS, PB}
Ep={NB, NS,Z,PS, PB}
Ed={NB, NS,Z,PS, PB}
Fuzzy set theory domain Eu. Ep and Ed use the discrete digital collection, hat is:
Eu={-6,-5,-4,-3,-2,-1,0,+1,+2,+3,+4,+5,+6}
Ep={-6,-5,-4,-3,-2,-1,0,+1,+2,+3,+4,+5,+6}
Ed={-6,-5,-4,-3,-2,-1,0,+1,+2,+3,+4,+5,+6}
Member ship function

In the fuzzy control rules, language variable value of Ev, Ep and Ed are NB, NM, NS, Z, PS, PM
and PB, Their membership functions are triangular wave, and each variable width range is equal .
Their membership function as shown in Figure 5
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Fig.5 Membership function
Fuzzy decision table
According to the relationship between output power P of photovoltaic cells and output voltage U
and and the rel ationship between output power P of photovoltaic cellsand duty ratio D, we can get the
following principles:
If U increases and P increases, Pmax is on the left of MPP, the duty isincreased,
If U increases and P reduces, Pmax is on the right of MPP, the duty is reduced,
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If U reduces and P increases, Pmax is on the right of MPP, the duty is reduced,
If U reduces and P reduces, Pmax is on the left of MPP, the duty isincreased,
The obtained fuzzy control rule table as shown in Table 1

Tab.1 Fuzzy control rule table

NS ONB NS Z PS  PB

NB PB PM PS NM NB
NS PM PS PS NS NM
Z PS PS Z NS NS
PS NM NS NS PS PM
PB NB NM NS PM PB
Matlab simulation model is established According to the mathematical model of PV array and
fuzzy control rule table, shown in Figure 6. The two unit delay module are respectively output power
P and output voltage V of asampling period of delay
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Fig.6 Model of simulation control

results of ssimulation analysis

System uses simulink module in matlab to establish the model of PV array and uses the Fuzzy
Logic module to establish the fuzzy inferential control system. Photovoltaic cell parameter setting:
The short-circuit current | . = 4.5A, open circuit voltage V. = 42V , photovoltaic cell series

resistance R, = 0.1W, In aphotovoltaic cell reference temperature, taking the temperature coefficient
of current change (Amps/°c) a = 0.0012I _, voltage variation coefficient (V/°c) b =0.005V,_, The

oc’?

output voltage corresponding to the maximum power pointis V,, = 34V and the output current is
| =3.5A. The graph 7~9 are smulation results of the voltage output of photovoltaic cells, the

current and power output of photovoltaic cells in the standard conditions of temperature, sunshine
intensity in the second seconds from the 600W/m? suddenly increased to 1000W/m2, the fourth
seconds from the 1000W/m? suddenly reduced to 800W/m?. The figure 7 is the output voltage curve
of PV cdll, figure 8 is the current output curves of photovoltaic cells, figure 9 is the output power
curve.

Fig.7 voltage output curve
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Fig. 9 power output curve

Theinitial conditions are zero, appearance of the 600 W/m? light suddenly, the controller can track
maximum power point rapidly and no shocks near the maximum power point. Then the maximum
power output of photovoltaic cells is about 61.8W, the output voltage is about 30.6V, the output
current is about 2.0A. By the time of the second seconds, the light intensity suddenly increased from
600W/m? to 1000 W/m?, after about 100ms or so, the fuzzy controller with a fast response to quickly
find the maximum power point. Then the maximum power output of photovoltaic cells is about
121.6W, the output voltage is about 35.8V, the output current is about 3.4A. When the time of the
fourth seconds, the light intensity from the 1000W/m? suddenly dropped to 800W/m?, the fuzzy
controller find the maximum power point quickly. Then the maximum power output of photovoltaic
cellsis about 90.7W, the output voltage is about 34.9V, the output current is about 2.6A. From the
simulation results, the fuzzy controller of sudden changes in the environment can quickly find the
maximum power output point. After the fuzzy controller find the maximum power point, the PID
controller can make the PV cells at maximum power point.

Conclusion

As photovoltaic cells are more sensitive to sunlight intensity, using the fuzzy -PID double mode
controller to control the boost circuit, realize the PV maximum power point tracking. The simulation
results show that fuzzy controllers can find the maximum power point rapidly when the change of
light intensity, PID controller can achieve high precision control after the fuzzy controller to find the
maximum power point.
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