
 

Abstract ―As a distributed generation system increases, a stable 
power supply becomes difficult. Thus control of power leveling 
(PL) unit is required to maintain the balance of power flow for 
irregular power generation. The unit is required to respond to 
change of voltage and bidirectional power flow. So the bidirec-
tional buck/boost DC/DC converter is applied for the control of 
PL unit in this research. 
The PL unit with Super Capacitor (SC) is able to absorb change 

of power, and it is examined whether the stable power supply is 
possible.  The output current of PL unit is controlled so as to 
keep power balance and DC bus voltage. The effectiveness of the 
proposed control is proved in simulation. 
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I. INTRODUCTION 

In recent years, as exhaustion of fossil fuel, global warm-
ing are focused, renewable energy sources such as photo vol-
taic (PV) and wind force keep attention. New power supply 
systems, such as a smart grid using renewable power as dis-
tributed generation system are spreading. However, since the 
output of renewable power sources have fluctuation, stable 
power can not be supplied to the AC system. For this reason, 
problems of reverse power flow and voltage optimization oc-
cur. Therefore, power change is absorbed and the system to 
equalize is needed [1]-[3]. 

A super capacitor (SC) has advantages of no pollution and 
no environmental effects, and SC is low inner resistance, large 
capacity, and long life compared with the secondary battery. 
In this research, the control system of PL unit using the bidi-
rectional buck/boost DC/DC converter[2] connected to SC is 
proposed. The bidirectional buck/boost DC/DC converter can 
work four-quadrant operation, which is positive and negative 
voltages and currents. Therefore, the current is able to flow for 
charge to SC and discharge from SC. Even if SC is maintain-
ing the high voltage or the voltage became extremely small, it 
is possible for the PL unit to work. Inverter of the AC system 
can control the active power and reactive power independently 
using the d-q transform based on the phase of the AC grid 
voltage phase. Power supply to the load is properly adjusted 
by the inverter. Effective of the proposed system is verified by 
simulation. 

 

Fig.1 Circuit structure. 
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  Fig.2 Definition of dq axis.    Fig.3 Vector diagram of dq axis. 

 

II. CIRCUIT STRUCTURE AND A CONTROL METHOD  

A. Circuit analysis and a control method on AC bus 

Fig.1 shows a circuit structure of distributed generation 
system in this research. The d-q component is defined in Fig.2 
and calculated by the d-q transformation in (1). 
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 (1) 

Then, three phase voltages are defined in (2)-(4). 
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(2)-(4) assigned to (1), the following equations are ob-
tained. 

dV V           (5) 

0qV             (6) 

From the relation of the vector in Fig.3, the power is calculat-
ed. 
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The active power P and reactive power Q are provided as 
follows. 

d d q qP V I V I            (8) 

d q q dQ V I V I            (9) 

(5), and (6) assign to (8), and (9), the following equations are 
obtained. 

dP VI          (10) 

qQ VI          (11) 

If V is constant, the active power P is determined by the active 
current Id and the reactive power Q is determined by the reac-
tive current Iq. In other words, in order to control the active 
power and reactive power independently, the active current Id 
and reactive current Iq should be controlled respectively. 

Fig.4 shows a block diagram of the inverter control and 
Fig.5 shows a block diagram of PL unit control. The control is 
performed combining two controls, which are the active and 
reactive power control for AC side by the inverter, and input 
and output power control by the PL unit. The rate of the output 
power supplying to the load in AC side can be controlled by 
the inverter. In Fig.1, the inverter operates as a grid connected 
inverter installed between AC bus and DC bus. LC filters are 
connected to the output terminal of the PL system and the in-
verter in order to suppress the switching ripple. The boost 
chopper is connected to the PV cell for regulation of PV pow-
er. The inverter control is performed by block diagram in 
Fig.4. 

 The d-q component converting from the output voltage 
and currents of the distributed generation system determine 
the active component and reactive component. Using them, 
power flow can be controlled by PI control. The control law 
becomes (12) and (13). Then Vd0 and Vq0 are reference voltage 
calculated from line-to-line voltage on AC bus. 
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And the references of vu
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Fig.4 Block diagram of inverter control. 
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Fig.5 Block diagram of power leveling unit control. 
 

to 3-phase transformation from the references Vd
* and Vq

*.The 
inverter is controlled by PWM with the reference values. 
 

B. Operation of bidirectional buck/boost DC/DC converter 

PL system connected with SC via the bidirectional 
buck/boost DC/DC converter interconnects to the DC system. 
PL unit has a role of adjustment of supply and demand of 
power as shown in Fig.6. If the power of PV system is larger 
than the power to send to AC bus, current of PL unit flows to 
charge. If the power of PV system is smaller, current of PL 
unit flows to discharge. The bidirectional buck/boost DC/DC 
converter operates as a four-quadrant chopper of voltage and 
current. Therefore the current is able to flow negative to 
charge to SC or positive to discharge from SC. Even if SC is 
maintaining the high voltage or the voltage became extremely 
small, the PL unit is able to work. 

When the converter operates as buck chopper, the current 
path is illustrated in Fig.7. Then ON signal is always input to 
sw3 and OFF signal is always input to sw4. And PWM control 
is performed on sw1 and sw2. 

Lsc dc SCV V V   (sw1: ON)       (14) 

Lsc SCV V   (sw2: ON)       (15) 

From above, PWM duty ratio d of the converter as buck 
chopper (Vsc < Vdc) is derived as (16). 
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 (a) Charge current.          (b) Discharge current. 

Fig.6 The role of PL unit. 

 

  (a) Charge current.          (b) Discharge current. 

Fig.7 Buck chopper operation. 

 (a) Charge current.          (b) Discharge current. 

Fig.8 Boost chopper operation. 

 

When the converter operates as boost chopper, the current 
path is illustrated in Fig.8. Then ON signal is always input to 
sw1 and OFF signal is always input to sw2. And PWM control 
is performed on sw3 and sw4. 

Lsc dc SCV V V   (sw3: ON)       (17) 

Lsc dcV V  (sw4: ON)       (18) 

 

From above, PWM duty ratio d of the converter as boost 
chopper (Vsc > Vdc) is derived as (19). 
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C. Control method of PL unit 

A reference Isc
* of the PL unit is calculated from the active 

component current IGd and the output current Ipv of a PV cell. 
Further, in order to keep the DC bus voltage constant, feed-
back control of the Vdc is carried out. Output current is con-
trolled by a current regulator based on discrete time system. 
Fig.5 is a block diagram when the bidirectional buck/boost 
DC/DC converter performs a boost operation as seen from DC 
bus. Isc

* is calculated from the duty ratio of switching and the 
current of Lc when the bidirectional buck/boost DC/DC con-
verter performed a buck operation as seen from DC bus. Isco is 

obtained through LPF of Isc. Here Isco is approximated to Isc. 
The following equations are derived from Fig.5. 
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(20) and (21) are obtained from the law of conservation of 
power. (22) is obtained from the Kirchhoff’s current law. In 
(23), DC bus voltage Vdc can be regulated by the PI control. 
In addition, a digital control in sampling period TS is intro-
duced for a current regulator of the PL unit. 
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When the converter operates as buck chopper, replacing  
i(k + 1) = i*, a optimal duty ratio can be obtained by (16) and 
(24) . 
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When the converter operates as boost chopper, a optimal 
duty ratio can be obtained by (19) and (24). 
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The converter is controlled with the duty ratios. The real 
value can follow the reference value for every cycle T by this 
control. 

D. Power control based on the main AC bus 

A current reference IGd
* of inverter output to AC bus 

shown in Fig.4 can be given arbitrary value directly. Then 
excessive reverse power flow may give a negative influence to 
the power quality. In addition, when the reference value is less 
than power of the load, main power line will supply the power 
to the load. Therefore if power of distributed generation sys-
tem is supplied as much as possible, the cost is low. The load 
current can be represented by the following equation. 

Ld Sd GdI I I           (27) 

To feedback the main circuit current flowing into the load, 
the reference current of the inverter output is calculated by the 
following equation. 

*
Gd Sd GdI I I              (28) 

In this control method, if the power is provided from only dis-
tributed generation system, the main power line does not send 
out the power. Therefore the power of distributed generation 
system is able to take full advantage.  



 

III. SIMULATION 

Simulation is performed to verify the proposed control 
method by using the circuit in Fig.1. The choppers and IGBT 
inverter are controlled on the discrete time system. Carrier 
frequency of the choppers and IGBT inverter is 10kHz and 
sampling time of the digital control is 100s. Table I shows 
the parameters of the circuit. Simulation is achieved on five 
following conditions. 

1. Power fluctuation 
- At a certain time, the power of PV system or the inverter 
output are changed by step. 
2. Load change 
- At a certain time, the load changes to double by step. 
3. Continuous fluctuation of solar cells  
- The amount of power generation of PV system is always 
varied in short time simulating a variety of condition change. 
4. Switch buck-boost operation 
- In the PL unit, the buck-boost operation of bidirectional 
buck/boost DC/DC converter switches between charge and 
discharge. 
5. Power control based on the main AC bus 
- The control method introduced in II-D is applied. 

 
Fig.9 shows results in case that the bidirectional chopper 

works as a boost chopper seen from the DC bus (Vsc  >  Vdc). It 
is controlled so as to keep balance of the charge and discharge 
of SC against the change of PV output in Fig.9(a), (b). In Fig.9 
(b), the positive current means charge to SC and the negative 
one means discharge to the DC bus. The power supplied to 
AC side keeps constant in Fig.9(c). The inverter can supply 
the output power constantly in Fig.9(c). In Fig.9(d), DC bus 
voltage keeps constant, and the bidirectional buck/boost 
DC/DC converter is operating properly as a boost chopper. 

Fig.10 shows results in case that the buck/boost chopper 
works as a buck chopper seen from the DC bus (Vsc< Vdc). 
Slightly change has occurred in the DC side when the load 
changes from 50% to 100%. Although, when the load changes, 
the PL unit is able to work to absorb the fluctuation without 
problem. The power supplied to AC side keeps constant in 
Fig.10(c). In Fig.10(d), the DC bus voltage is kept constant, 
and the bidirectional buck/boost DC/DC converter is operating 
properly as a buck chopper. 

 

TABLE I. Parameters of the circuit 

Source voltage 100 V Frequency 60 Hz 
RS 0.25  LS 218 H
RG 0.15  LG 131 H
RL 15.0  LL 13.0 mH
Lf 0.01 H Cf 5.00 F
Vdc 200 V Cdc 5000 F
Lc 10.0 mH Rsc 0.20 
Csc 10.0 F L 10.0 mH
Epv 80.0 V Lcf 0.20 mH
Ccf 60.0 F  

 
(a) Currents on DC bus. 
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(b) Output current of the PL unit. 

 

 
(c) Active current of inverter on AC bus. 
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(d) Voltages in DC bus. 

Fig.9 Results in case of boost chopper operation. 

Fig.11 shows the results in case with fluctuation of PV 
power at the condition Vsc< Vdc. This power fluctuation is con-
sidered imitating change of PV condition. The fluctuation of 
PV current Idco is shown in Fig.11(a). Then PL unit is fast 
enough to absorb minor fluctuations of the PV in Fig.11(a) 
and(b). Therefore Idc is constant in spite of the fluctuation of 
PV power. Fig.11(d) shows voltages on the DC bus. Output 
voltage Epv of the PV system is constant at 80V and DC bus 
voltage Vdc can be controlled to keep constant at 200V by the 
DC bus voltage control. As a result, the inverter output current  
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(b) Output current of the PL unit. 

  

(c) Active current of inverter on AC bus. 

 
 (d) Voltages in DC bus. 

Fig.10 Results in case of buck chopper operation. 
 

and the DC bus voltage is kept constant in Fig.11(c) and (d). 
Response of the output current of the PL unit is fast and accu-
rate. 

Fig.12 shows results with a switch of buck-boost operation. 
In this simulation, charge current Isc flows. Therefore Voltage 
of SC Vsc gradually increases for the power charge to the ca-
pacitor. In Fig.12(c), the bidirectional buck/boost DC/DC 
converter is switched from buck operation to boost operation 
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(a) Currents on DC bus. 

 
(b) Output current of the PL unit. 
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 (c) Active current of inverter on AC bus. 
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(d) Voltages in DC bus. 

Fig.11 Results with PV fluctuation. 
 

between 0.5s-0.6s. When the operation changed, small fluctu-
ation of voltage occurs. However the currents of the AC bus 
and the DC bus are not affected in that period. 

Fig.13 shows results with the power control based on the 
main AC bus. In Fig.13(c), ISd almost becomes zero. IGd and 
ILd are the same value. This means that all the power is sup-
plied from only distributed generation system and the main 
system does not send out the power. Therefore PV power is 



 

 
(a) Currents on DC bus.  
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(b) Active current of inverter on AC bus. 

 
(c) Voltages in DC bus. 

Fig.12 Results with switch buck-boost operation. 

used effectively. In Fig.13(d), the voltage on DC bus Vdc is 
kept constant. Therefore Ic becomes 0 in Fig.13 (a). In DC bus, 
all the currents and voltages are able to be controlled stably. 

IV. CONCLUSION 

In this study, control of PL unit with SC using the bidirec-
tional buck/boost DC/DC converter and the grid connected 
inverter was proposed. It is confirmed that the integrity is 
maintained both the power of PV and the inverter output pow-
er by PL unit. The effectiveness was confirmed by the simula-
tion in various conditions such as charge or discharge to the 
SC, PV power fluctuation and so on. 
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