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ABSTRACT 
 

In this paper, a simple control method for two-stage utility grid-connected photovoltaic power conditioning systems 
(PCS) is proposed. This approach enables maximum power point (MPP) tracking control with post-stage inverter current 
information instead of calculating solar array power, which significantly simplifies the controller and the sensor. 
Furthermore, there is no feedback loop in the pre-stage converter to control the solar array voltage or current because the 
MPP tracker drives the converter switch duty cycle. This simple PCS control strategy can reduce the cost and size, and can 
be utilized with a low cost digital processor. For verification of the proposed control strategy, a 2.5kW two-stage 
photovoltaic grid-connected PCS hardware which consists of a boost converter cascaded with a single-phase inverter was 
built and tested. 
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1. Introduction 
 

Concern for developing alternative energy systems has 
been increasing continuously. Among them, a solar energy 
system is one of the more important solutions because it 
produces electric power without inducing environmental 
pollution. Many studies on the reduction of development 
costs for solar energy systems have been completed. 

A solar array has a nonlinear voltage-current (V-I) 

characteristic, and the operating condition of the 
maximum solar power delivered from the solar array 
varies according to solar illumination and array 
temperature. Thus, to effectively use solar power, a 
maximum power condition needs to be tracked by a 
maximum power point tracking (MPPT) control. 

Numerous MPPT methods have been proposed for the 
enhancement of power efficiency [2-7]. Nevertheless, the 
perturbation and observation (P&O) method and 
incremental conductance (INC) method are widely used 
due to the ease of implementation [2, 5]. However, these 
approaches need sensors for solar array voltage and 
current and arithmetic operations in order to calculate the 
solar array power or conductance. Also, the inner loop 
controller for the MPPT control is required to stabilize the 
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solar array operating point, such as the solar array voltage 
or current controller. In [4, 6], the converter output current 
sensing method is proposed. Even though the sensor and 
computations are reduced, the inner loop controller is still 
needed. 

Unlike in conventional MPPT control methods, a 
simple MPPT method that is suitable for the two-stage 
power conditioning system (PCS) is proposed in this paper. 
The proposed method does not need to calculate power as 
in the conventional P&O method, and can detect the 
maximum power point to check the direction of the 
current peak reference value at the post inverter stage. 
Thus, this algorithm can remove the sensors for the MPPT 
control and can be simply realized by comparison in 
digital processors. In Section II, the proposed PCS control 
strategy is discussed for the simple MPPT control. 
Through the small signal model of the PCS, the design 
guideline of the MPP tracker is presented. In Section III, 
the implementation of the proposed method is performed. 
For the verification of the theoretical analysis, a 2.5kW 
two-stage PCS hardware which consists of a boost 
converter and a single phase inverter was made and tested 
using the solar array simulator. Conclusions of this paper 
are presented in Section IV. 
 
 

2. The Proposed PCS Control Strategy 
 

Recently, in grid-connected solar array systems, two 
stage PCS schemes have been developed without the 
bulky 60Hz step-up transformer. These schemes have the 
advantages of low inverter current, reduced filter size, and 
small overall size and hence can be integrated into one 
module. The conventional two stage PCS is shown in Fig. 
1. The operating principle of the conventional PCS control 
scheme, as shown in Fig. 1 (a), is that the boost converter 
controls the solar array operating point, and the post single 
phase inverter controls the DC-link capacitor voltage and 
controls the output current to be in-phase with the grid 
voltage for the high power factor. Therefore, the boost 
converter performs the MPPT control by regulating the 
solar array voltage or current to the reference value 
generated by the MPP tracker. The MPP tracker algorithm 
usually involves mathematical operations to calculate the 
maximum power point of the solar array. 

The proposed PCS control method is shown in Fig. 1 
(b). The inverter stage is the same as the conventional PCS 
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Fig. 1  The two stage control scheme of the grid connected 

power conditioning system 

 
control scheme. However, the boost converter controls the 
solar array operating point by the switch duty command 
from the MPP tracker. The MPP tracker of this approach 
uses the inverter current reference, which is proportional 
to the solar array output power for the MPPT. The 
proposed control scheme is quite simple because it 
performs the MPPT control without a mathematical 
operation for the calculation of the solar array maximum 
power point and in addition the boost converter does not 
need a feedback control circuit. Also, there is no sensor 
for the MPPT control such as the solar array 
voltage/current or the converter output current. This 
simple operation principle offers cost competitiveness and 
compactness of size. 
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2.1 The operation principle of proposed MPPT 
control scheme 

The MPPT control method in two stage PCS schemes is 
presented with the following assumptions: the DC link  

voltage regulation control speed is much faster than the 
MPPT loop, and the efficiency of the boost converter is 
almost constant throughout the operating point. Fig. 2 
shows the proposed two stage PCS control schematic. As 
in a conventional scheme, the inverter has the voltage loop 
to regulate the input DC link voltage and the current loop 
to control the output current to be in-phase with the line 
voltage for the high power factor. By maintaining the DC 
link voltage constant, the output of the voltage loop, refIV , , 

determines the output current amplitude, and thus controls 
the level of power processed by the PCS. 

For the constant DC link voltage, the input current of 
the inverter is directly proportional to the solar array 
output power. Thus, using refIV , , the MPP can be tracked 

without calculating the solar array power. Also, the boost 
converter can stabilize the solar array operating point by 
the switch duty command from the MPP tracker. The 
proposed method is quite simple because it performs 
MPPT control without calculating any operations and the 
boost converter does not need a feedback control circuit. 

Fig. 3 shows the flowchart of the MPPT algorithm. 
Initially, the duty ratio of the boost converter is arbitrarily 
set to a specified value. Then information of the output 
current of the boost converter (which is the input current 

of the inverter) is detected by the control voltage, refIV , , 

which is fed to the MPP tracker block. 
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Fig. 3  The proposed MPPT control algorithm 
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Fig. 2  The proposed prototype experimental hardware schematic 
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The MPPT compares the current value of refIV ,  with 

the previous sampled value to determine the next duty 
ratio, as shown in the flowchart. In the voltage source 
region of the solar array V-I curve, the inverter current 
increases when the duty ratio increases, but in the current 
source region, the inverter current reduces when the duty 
ratio increases. Therefore, if the inverter current amplitude 
(which is proportional to the refIV , ) increases when the 

duty ratio increases, the MPP tracker increases the duty 
ratio until the inverter current amplitude decreases. If the 
inverter current amplitude decreases when the duty ratio 
increases, the MPP tracker reduces the duty ratio. In this 
way, the MPPT control is achieved by changing the duty 
ratio with respect to an increasing direction of the inverter 
current. 
 

2.2 The analysis and design of MPPT tracker 
The MPPT algorithm in the flowchart can easily be 

implemented in comparison to use of a digital processor. 
The amount of the gain in the duty ratio, M , and the 
sampling frequency, mpptsT , , determine the dynamic 

response of the MPP tracker, such as speed, accuracy and 
stability. 

In order to design the feedback controller and loop 
stability, small signal modeling and analysis of the MPP 
tracker is performed. Fig. 4 shows the small signal 
equivalent model for the proposed two stage PCS control 
scheme. The inverter stage can be assumed to be the 
voltage controlled current source because the current 
control loop bandwidth is much faster than the voltage 
control loop and the MPPT control loop bandwidth. Using 
the un-terminated modeling of the converter stage with a 
solar array and an inverter stage, the transfer functions 
from duty to diode current, dI , and from diode current to 

inverter current, cI , can be obtained as follows [8]; 
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where PI KK    ,  are the proportional and integral gain of 

the voltage loop PI controller at the inverter stage. 
Through the proposed algorithm, the MPP tracker can 

be represented as an integrator including sampling time. 
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From (1) – (3), the overall MPPT loop gain can be 
derived as follows; 

 

mpptIiiCidmppt GGGT __=                           (4) 

 
The stability conditions of the overall system are as 

follows [7]: 
 The sampling frequency of the MPPT loop is less 
than the resonant frequency of the converter stage. 
 The bandwidth of the MPPT loop is less than the 
voltage loop bandwidth of the inverter stage. 
 The DC gain of the MPPT loop at the resonant 
frequency of the converter stage is less than 0dB. 

If the MPPT loop satisfies the above conditions, the 
overall system is stable. For the design, if the gain of the 
MPP tracker, mpptw , is set by Nwpiv  ( pivw  is bandwidth 

of the voltage control loop at the inverter stage), the 
interaction between the inverter voltage control loop and 
the MPPT control loop can be grasped. In this case, the 
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N  represents the decoupling rate between the two loops. 
With the sampling frequency of the MPPT loop,  
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Fig. 5  The design guideline of the proposed MPP tracker 

 
the amount of the gain in the duty ratio, M  in mpptw , also 

affects the performance of the proposed control method. A 
large M  increases the deviation from the maximum 
power point, despite the fast peak power tracking speed, 
and a small M  produces the opposite results. 

Fig. 5 shows that the design guideline can be 
constructed with mpptwM    ,  and the gain of the MPPT 

loop at the resonant frequency of the converter stage, 
which satisfies the stable conditions. As stated above, the 
stable region for the DC gain of the MPPT loop at the 
resonant frequency of converter stage is less than 0dB. 
Allowing some margin, say 10dB, to compensate a 
modeling simplification error, can be set at the boundary 
line. In Region I, the MPPT loop speed is fast and the 
error between MPP and the operating point is small. 
However, this MPPT loop has a fragile stability at the 
transient state because of a low N  value. In Region III, 
the MPPT loop is slow, but is stable and the error from the 
MPP is very small. Because of the slow speed, this MPPT 
loop is insensitive to environmental variation. Thus, the 
MPPT loop in Region II, which has a medium speed and a 
small error from the MPP, is the optimal design scenario. 
 

3. Experimental Verification 
 

The hardware prototype of the two stage solar power 

PCS for experimental verification is shown in Fig. 6, and 
the main parameters are summarized in Table. 1. 

 

 
Fig. 6  The prototype two stage power conditioning system 

 
Table 1  System parameters of the implemented power  

conditioning system 

Parameter Value 

SC  4700 [ ]Fµ  

L  1 [ ]mH  

DC  4700 [ ]Fµ  

FL  3 [ ]mH  

FC  5 [ ]Fµ  

swF  10 [ ]kHz  

 
A solar array simulator from the NF Company (15kW, 

600V/30A) is used. A grid connected type full bridge 
inverter is used for the PCS. A filter capacitor, FC  in Fig. 

2, attenuates the 120Hz AC ripple component from the 
grid connected inverter. 

Fig. 7 shows the inverter output current, which is 
in-phase with the grid voltage, showing a good power 
factor. Fig. 8 shows the relation between the inverter 
current and the solar array power, as well as the designed 
MPPT loop tracking speed and performance. Fig. 9 is the 
experimental result when the illumination level is changed 
from 100% to 50% with a 10% incremental value. The 
experimental result obtained when the illumination level is 
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stepped up is shown in Fig. 10. These figures show that 
when the duty ratio increases in the voltage source region, 
or decreases in the current source region, the inverter 
current increases and the solar array power also increases. 
Finally, Fig. 11 shows the closed MPPT loop performance 
around the MPP. 
 

4. Conclusions 
 

A simple control method for the two stage grid 
connected photovoltaic power conditioning system is 
proposed in this paper. This approach enables maximum 
power point tracking control with post-stage inverter 
current information instead of calculating the solar array 
power, which significantly simplifies the controller and 
sensor. Furthermore, there is no feedback control loop in 
the pre-stage converter to stabilize the solar array 
operating point, because the MPP tracker directly drives 
the converter switch duty cycle. This simple PCS control 
strategy can reduce cost and size, and can be easily 
utilized with a digital processor. For verification of the 
proposed control strategy, a 2.5kW two stage photovoltaic 
grid connected PCS hardware which consists of a boost 
converter cascaded with a single phase inverter was built 
and tested. 
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Fig. 7  The experimental results of the inverter output current 

and grid voltage 

 
Fig. 8  The performance of the proposed MPP tracker 

 

 
Fig. 9  The transient response at the illumination step-down 

 

 
Fig. 10  The transient response at the illumination step-up 
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Fig. 11  The enlarged waveforms around the MPP 

 
References 

 
[1] Phuong Huynh, “Analysis and Design of 

Microprocessor-Controlled Peak-Power Tracking System,” 
Ph. D. Dissertation, VPEC, 1992. 

[2] Nicola Femia, Giovanni Petrone, Giovanni Spagnuolo and 
Massimo Vitelli, “Optimization of Perturb and Observe 
Maximum Power Point Tracking Method,” IEEE 
Transactions on Power Electronics, Vol. 20, No. 4, pp. 
963-973, July 2005. 

[3] C. Hua and C. shen, “Comparative Study of Peak Power 
Tracking Techniques for Solar Storage Systems,” IEEE 
Applied Power Electronics Conference and Exposition 
Proceedings, Vol. 2, pp. 676-683, Feb. 1998. 

[4] J. H. R. Enslin and D. B. Snyman, “Simplified 
Feed-Forward Control of The Maximum Power Point 
Tracker for Photovoltaic Applications,” IEEE Power 
Electronics Motion Control, Proceedings of the 1992 
International Conference, Vol. 1, pp. 548-553, 1992. 

[5] K. H. Hussein, I. Muta, T. Hoshino and M. Osakada, 
“Maximum Photovoltaic Power Tracking: An Algorithm for 
Rapidly Changing Atmospheric Conditions,” Generation, 
Transmission and Distribution, IEE Proceedings, Vol. 142, 
Issue 1, pp. 59-64, Jan. 1995. 

[6] Youn-Jay Cho and B. H. Cho, “Analysis and Design of the 
Inductor-Current-Sensing Peak-Power-Tracking Solar 
Array Regulator,” AIAA Journal of Propulsion and Power, 
Vol. 17, No. 2, pp. 467-471, Mar 2001. 

[7] Joung-Hu Park, Jun-Youn Ahn, Bo-Hyung Cho and 
Gwon-Jong Yu, “Dual-Module-Based Maximum Power 
Point Tracking Control of Photovoltaic Systems,” IEEE 
Transactions on Industrial Electronics, Vol. 53, No. 4, pp. 
1036-1047, Aug. 2006. 

[8] “Development of Elementary Technologies for Building 
Integrated Photovoltaic System”, Ministry of Commerce, 
Industry and Energy, 2004. 

 
 

Hyun-Su Bae was born in Korea in 1976. 
He received his B.S. and M.S. degrees in 
Control & Instrumentation Engineering from 
Changwon National University, Changwon, 
Korea, in 2001 and 2003, respectively. He is 
currently a Ph.D. student at Seoul National 

University. His research interests include space power systems 
and digital control of DC-DC converters. 
 

Jong-Hu Park was born in Korea in 1975. 
He received his B.S., M.S., and Ph.D. 
degrees in Electrical Engineering from Seoul 
National University, Seoul, Korea in 1999, 
2001 and 2006, respectively. He is currently 
a Post Doctorial Researcher at Seoul 

National University. His research interests include analysis and 
control of DC-DC converters. 

 
Bo-Hyung Cho received his B.S. and M.S. 
degrees from California Institute of 
Technology, Pasadena, and his Ph.D.degree 
from Virginia Polytechnic Institute and State 
University, Blacksburg, all in Electrical 
Engineering. Prior to his research at Virginia 

Tech, he worked as a member of Technical Staff, TRW. From 
1982 to 1995, he was a Professor at Virginia Tech. In 1995, he 
joined the School of Electrical Engineering, Seoul National 
University, Seoul, Korea, where he is currently a Professor. His 
research interests include power electronics, modeling, analysis 
and control. Dr. Cho was a recipient of the 1989 Presidential 
Young Investigator Award from the National Science 
Foundation. He is a member of Tau Beta Pi.. 
 

Gwon-Jong Yu was born in Korea, in 1954. 
He received his B.S. degree in Electrical 
Engineering from Chosun University, 
Gwangju, Korea, in 1982.  He received his 
M.S. and Ph.D. degree in Electrical 
Engineering from Kobe University, Kobe, 

Japan, in 1985 and 1989, respectively. Since 1990, he has been 
with the Photovoltaic Research Center, Korea Institute of Energy 
Research, Daejeon, Korea, as a Supervisor. 


	New MPPT Control Strategy for Two-Stage Grid-Connected Photovoltaic Power Conditioning System
	ABSTRACT
	1. Introduction
	2. The Proposed PCS Control Strategy
	3. Experimental Verification
	4. Conclusions
	Acknowledgment
	References


