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ABSTRACT: A Hybrid algorithm of maximum-power-point-tracking (MPPT) controller for a photovoltaic (PV) 
energy conversion system is presented. Using the slope of power versus voltage of a PV array, the proposed MPPT 
controller allows the conversion system to track the maximum power point very rapidly. As opposed to conventional 
two-stage designs, a single-stage configuration is implemented, resulting in size and weight reduction and increased 
efficiency. The proposed system acts as a solar generator on sunny days, in addition to working as an active power line 
conditioner on rainy days. Finally, computer simulations and experimental results demonstrate the superior 
performance of the proposed technique. 
 
KEYWORDS: Active power line conditioner, maximum-powerpoint tracking, photovoltaic energy conversion system, 
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I. INTRODUCTION 
 

PHOTOVOLTAIC (PV) energy is the most important energy resource since it is clean, pollution free, and 
inexhaustible. Due to rapid growth in the semiconductor and power electronics techniques, PV energy is of increasing 
interest in electrical power applications. It is important to operate PV energy conversion systems near the maximum 
power point to increase the output efficiency of PV arrays. Therefore, many techniques have been developed to provide 
maximum PV power [1]–[10]. Employed an integrated PV maximum-power-point tracker with soft switching to obtain 
the optimum efficiency [1]. Hiyama used a neural network to estimate maximum-power-point operating conditions 
[2],[3].Some researchers control photovoltaic characteristics to match load conditions [4]–[6]. Some systems use an 
online maximum power point tracking (MPPT) algorithm to obtain the maximum power point [7]–[10]. An MPPT 
method often used is the perturbation and observation method [8], [9], because the method is easy to implement. 
However, oscillation is unavoidable. The incremental conductance method is used to avoid oscillation by comparing 
the incremental and instantaneous conductance of the PV array, but the implemented circuit is more complex [10].In 
this paper, using the slope of power versus voltage, hybrid MPPT algorithm is presented which avoids the oscillation 
problem and is easy to implement. 
  
Conventionally, PV energy conversion systems are composed of a dc/dc converter, a dc/ac inverter, batteries, and a 
center-tapped output transformer [11]–[13]. The efficiency of such series-connected multistage devices is low. Further, 
the size is large and the weight is high. The proposed design, by contrast, uses a single-stage configuration, thus 
increasing efficiency and reducing size. In addition, the proposed system operates as power supply on sunny days and 
operates as an active power line conditioner at low or zero insolation. Hence ,the proposed PV energy conversion 
system provides useful function in any weather, significantly enhancing system utility. 
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II. PROPOSED MPPT ALGORITHM 
 

Fig. 1(a) depicts the output characteristics of a PV array, where and are output voltage and power of the PV array, 
respectively. The output power of the PV array is expressed as   ܲ =  (1)                                                              ܫܸ
The conventional MPPT algorithms use to obtain the maximum output power point. The perturbation and observation 
method measures and to judge the momentary operating region, and then, according to the region, the reference voltage 
is increased or decreased such that the systems operates close to the maximum power point. Because the method 
increases or decreases only the reference voltage, implementation is simple. However, the method cannot readily track 
immediate and rapid changes in environmental conditions. An alternative method, the incremental conductance 
method, tracks the maximum power point accurately by comparing the incremental conductance and instantaneous 
conductance of a PV array [10].If the internal shunt resistance is neglected, the characteristic of a PV array can be 
given as [8], [9]. 
 
      I= ܫ − ௦௧{expܫ ቂ 

்
ቃ ݒ) + −(௦ܴܫ 1}                                                                       (2) 

Where, 
 .=light generated currentܫ  
௦௧ܫ = ܸܲarray saturated current. 
q=charge of an electron. 
K=Boltzmann’s constant. 
A=Ideality factor. 
T=PV array temperature.                                                          
ܴ௦ =Intrinsic series resistance of PV array. 
 
Since the series resistance can be neglected, (2) can be simplified as 
           I= ܫ − ௦௧{expܫ ቂ 

்
ቃ −(ݒ) 1}                                                                             (3) 

From (1) and (3), the differential of to can be expressed asௗ
ௗ

= ܫ + ௗூ
ௗ
ܸ 

ܫ=       − ௦௧ܫ ቄexp ቂ 
்

ቃ − 1ቅ − ூೞೌ
்

ݔ݁ ቂ 
்

ቃ ܸ                                                                    (4) 
ௗ
ௗ
≅ ܫ + ∆ூ

∆
ܸ                                                                                                                                      (5) 
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Where∆ܫ and ∆ܸare the increments of output voltage and current,respectively. Equation (4) is the function of 

V that can be employed to simulate the characteristic of dP/dV versus V, and the result is shown in Fig. 1(b). From (5), 
the dP/dV term can be replaced by I+(∆ܫ/∆ܸ)ܸ, making the calculation practicalfor an 89c51 microprocessor. In the 
proposed method, (5)is used as the index of the MPPT operation. The calculation of(5) requires only one division and 
one multiplication instruction, which is easier than the incremental conductance method. Fig. 1(b) depicts the diagram 
of dP/dV versus V when the insolation is varied from 300 to 700 W/m, and the temperature is at 45ºC. When dP/dV<0, 
decreasing the reference voltage ܸ forces dP/dV to approach zero; when dP/dV=0,increasing the reference voltage 
forces to approachzero; whendP/dV=0, ܸ does not need any change. Theflowchart is shown in Fig. 1(c). In Fig. 1(c), 
and are themomentary voltage and current of the PV array, while andare the previous voltage and current. When the PV 
array is operated at the maximum power point, the reference voltage is kept at a constant value, and thus oscillation is 
reduced. 

 

 
Fig. 1(c) Flowchart of proposed method. 

 
III. SYSTEM CONFIGURATION AND CONTROL 

 
A traditional two-stage PV energy conversion system is connected between the PV array and the electrical power 
system[11]. The dc/dc converter is controlled so as to track the maximum power point of the PV array and to transfer 
energy to the batteries and inverter. The dc/ac inverter is controlled to produce an output current in phase with the 
utility voltage and to obtain a unity power factor. Because the dc/dc converter and the dc/ac inverter have independent 
control architecture, the controllers are easy to design. Yet, the efficiency of the entire conversion system is low 
because of the dc/dc converter, batteries, and dc/ac inverter. The system configuration of a single-stage PV energy 
conversion system is shown in Fig. 2(a). The single-stage PV energy conversion system is controlled so as to supply 
power to the load and supply surplus power with a unity power factor to the utility line. Simultaneously, the single-
stage conversion system must be operated so as to track the maximum power point of the PV array. Thus, controller 
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design of the single-stage configuration is more difficult than the two-stage configuration. Fig. 2(b)shows the controller 
block diagram of the proposed single stage system in which an 89c51 microprocessor is used for maximum power-
point tracking. When the system is operated in the solar generator mode, the single-stage MPPT controller is used to 
compute the according to the proposed MPPT algorithm. 
 

 
 

 
 

 

Fig 3(a) Simulated result input and output current of the proposed conversion system. 
Fig 3(b) Experimental result of input and output current of the proposed conversion system. 
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When the system is operated in the active power line conditioner mode, the reference voltage is a constant voltage. The 
voltage controller is used to control the voltage loop to produce the dc reference current command . Then,  
the dc reference current is multiplied by , which is captured from the phase-locked-loop (PLL) circuit to produce the ac 
reference current command . is added to the load current in order to produce the reference output current command of 
the inverter. The differential equation of the inverter is 
ܮ

ௗ
ௗ௧

= ݒ௪ܭ − ௦ܸ                                                                                              (6) 
Where 
௪ܭ = ܸ/ ௧ܸ                                                                                                                                                                   (7) 
andܮis the output inductor of the inverter,݅ is the output 
current of the inverter,ݒ is dc-bus voltage, is the peakof the triangular carrier signal,ݒ is the control signal 
whichshapes the sinusoidal current to the utility line and also adjustssystem parameters for MPPT,ݒ௦ and is the utility 
voltage. 
 

 
 

Fig. 4. MPPT measurement of the perturbation and observation method. (a) Constant insolation. (b) Varying insolation. 

 
Fig. 5. MPPT measurement of the proposed method. (a) Constant insolation. (b) Varying insolation. 

 

 
Fig. 6. Solar array output power of the proposed method and the perturbation and observation method 
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Fig. 7 Solar generator mode. (a) Waveforms of ݅௦ ,݅,  and݅௧ . (b) Waveforms of ݒ௦,and ݅௦ ,. (c) Current spectrum of݅௦ ,. 
 
Error e is defined as 
e= ݅௦∗ − ݅௦(8) 
Because a perfect sinusoidal current to the utility line is a design goal, must naturally approach zero. Thus, 

݀݁
ݐ݀ =

݀݅௦∗

ݐ݀ −
݀݅௦
ݐ݀                                                                                  (9) 

                                                 = ௗೞ∗

ௗ௧
+ ௗೞ

ௗ௧
− ௗೌ

ௗ௧
                                                                      (10)                               

From (6), 
ௗ
ௗ௧

= ଵ

൫ܭ௪ݒ − ௦ܸ൯                                                                                                                   (11) 

Substituting (11) into (10) gives 
ௗ
ௗ௧

= ௗೞ∗

ௗ௧
− ௗ

ௗ௧
+ ଵ

 ௦ܸ −
ଵ

                                                                                              (12)ݒ௪ܭ

Thus, 
=ݒ ଵ

ೢ
ܮ ቀ

ௗೞ∗

ௗ௧
+ ௗ

ௗ௧
ቁ + ଵ

ೢ ௦ܸ                                                                                                 (13) 

= ଵ
ೢ

ܮ ቀ
ௗ∗

ௗ௧
ቁ+ ଵ

ೢ ௦ܸ                                                                                                                    (14) 

From (14), it is seen thatݒ is composed of two terms. Thefirst term is used to obtain a fast current control effect 
for݅∗ .The second term is used to compensate the disturbance from the utility voltage. In the first term, because a pure 
differential control tends to induce a large amount of noise in experimental implementation, a fast current loop is used 
instead. Feed-forward controllerܩௗ , feedback-compensated controllerܩ ,and phase-lead controllerܩ are used to get 
a fast current response in the current loop. The utility voltage disturbance controllerܩ௩௦is used to reduce the disturbed 
voltage component.Filter is used to produce feedback signals to the voltage loop. From Fig. 2(c), it can be seen that 

i୭ = ౦౭ౣ(ୋౚାୋౙౙ)

ୱା౦౭ౣ(ୋౙାୋౙౙ)
i୭∗ +

౦౭ౣ(ୋ౬౩ି
భ

ే౦౭ౣ
)

ୱା౦౭ౣ(ୋౙାୋౙౙ)
Vୱ                                                                     (15) 

From (15), whenܩ௩௦ = ଵ
ೢ

 , the disturbance from ௦ܸ can be eliminated. If and |jωܮ ܩ)௪ܭ|>>| + ௗܩ|andܩ =

, thenܩ
∗
≅ 1 , identifying accurate current control effect 

for݅∗ . The transfer functions of the controller are representedas follows: 
௩ܩ = ݇௩ + ݇ೡ

ೞ
                                                                                                                                        (16) 
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Fig. 8. Active power line conditioner mode. (a) Waveforms of ݅௦ ,, ݅,, and ݅௧ ,. (b) Waveform of ݒ௦, and -݅௦ , . 

(c) Current spectrum of݅௦ ,. 
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ௗܩ = ఛೋଷೄ

ఛುଷೄାଵ
                                                                                               (17)  

 
ܩ = ఛೋଶೄ

ఛುଶೄାଵ
                                                                                               (18) 

 
ܩ = ݇ + ݇

ଵ
ఛುଵೄାଵ

                                                                             (19) 

௩௦ܩ = ଵ
ೢ

                                                                                                    (20) 

 
௩ܩ =

ೡ
௦ఛೡାଵ

                                                                                                (21) 

 
 

IV. EXPERIMENTAL AND SIMULATED RESULTS 
 

Generally speaking, the frequency of the inverter input current is twice the fundamental frequency of the inverter 
output current [8]. Thus, a large capacitor must be connected with the PV array output to supply the low-frequency 
component of the inverter input current. In the proposed system, a series LC filter is connected with the PV array output 
to share the responsibility. From Fig. 2, the impedance of the LC filter is 
ܼ = ܮݏ + ଵ

௦
|ௌୀω = ݆(ωܮ −

ଵ
ω

)                                                        (22) 

If 
ω = 2ω௦ = ଵ

ඥ
,then ܼ = 0                                                                       (23) 

 

 
 

Fig. 9. Waveforms of ܸ  and ݅௦ . (a) From solar generator mode to active power line conditioner mode. (b) From active power line 
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Fig. 10. Efficiency of the proposed conversion system. 
 
According to (22) and (23),ܮ and ܥare chosen to supportthe inverter input current. The simulated and experimental 
resultsof Fig. 3 verify that the LC filter supports the second-order component current, where݅ is the inverter input 
current,݅௩  isthe output current of the PV array,݅ is the filter current, and ݅௦  is the current fed from the PV energy 
conversion system tothe utility line. From equations (22) and (23), ܼ supplies the second-order harmonic component, 
so the dc-bus capacitor supports only the components larger or equal to the fourth-order harmonic. Thus, the volume of 
the capacitor can be reduced. To verify the performance of the proposed PV energy conversion system, the following 
parameters are selected for experimental implementation. 
• 14 PV array modules 
PV array specifications: 

rated power = 1050 W, rated current = 4.4 A; 
rated voltage = 238 V, 
short-circuit current =4.8 A; 
open-circuit voltage= 308 V, 
 temperature = 25 C; 

• output voltage: 110 V, 60 Hz; 
• load: rectifier load 300 W; 
• inverter switching frequency: 18 kHz; 
• input filter capacitor: F; 
• LC series filter: mH, F; 
• output filter inductor: mH 
• converter component: (MOSFET) IRFP460; 
• blocking diode: : 6A600V 2; 
The proposed PV energy conversion system provides two functions: 1) on sunny days, the PV array outputs power to 
the load and to the utility line, with a unity power factor and 2) when the PV array cannot supply enough power to the 
load, the conversion system is operated as active power line conditioner. The experimental results are discussed as 
follows. 
 
1) Solar Generator Mode (Sunny Day):  MPPT measurement diagram Fig. 4 shows the  using the perturbation and 
observation method with constant and varied insolation and temperature. Serious oscillation can be observed. Fig. 5 
shows the MPPT measurement diagram using the proposed MPPT algorithm. Oscillation is clearly reduced, providing 
experimental proof that the proposed method can track the maximum power point better than the perturbation and 
observation method. Fig. 6shows the comparison of the solar array output power. From the result, the proposed method 
is better than the perturbation and observation method in the output power and response speed. The increase in output 
power is2.4%, and the decrease in response time is 33%. Fig. 7(a)shows the , , and current waveforms. Fig. 7(b) is the 
utility line voltage and the current fed from the PV energy conversion system to the utility line, showing that the 
current is sinusoidal and in phase with the utility voltage. Fig. 7(c) is the output current spectrum of ,showing a total 
harmonic distortion (THD) of 3.09%. 
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2) Active Power Line Conditioner Mode (Low Insolation): Fig. 8 depicts line current , a sinusoidal waveform inphase 
with the utility voltage. The THD of is 3.48%.Fig. 9 shows the proposed conversion system switching between solar 
generator mode and active power line conditioner mode. Despite the rapid switch, system behaviour is stable, 
indicating that the transient state response is excellent, and that the conversion system provides smooth and stable 
operation. Fig. 10 shows the efficiency of the proposed conversion system, which is higher than 90%. 
 

V. CONCLUSIONS 
 

Conventional two-stage PV energy conversion systems are bulky, expensive, provide low efficiency, and are, thus, not 
suitable for small-scale PV energy conversion utilization. To resolve this problem, a PV energy conversion system with 
single-stage architecture has been presented. The proposed single-stage system has advanced features such as small 
physical volume, low weight, and high efficiency. A novel single-stage MPPT controller is used for rapid tracking of 
the PV array’s maximum power point. The proposed algorithm reduces oscillation, resulting in significantly improved 
tracking. The proposed PV energy conversion system operates in two modes, providing solar generation when 
insolation is adequate and active power line conditioning when insolation is inadequate. Switching between the two 
modes is smooth and stable. The excellent performance of the proposed system is verified from both simulated and 
experimental results. 
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