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In a light power generation system, a control device, a control 
method, and a program, efficient power can be supplied. The 
maximum power detection unit operates a MOSFET in a 
power converter circuit and open-circuits both ends of a Solar 
cell panel in the maximum power detection mode. After that, 
the maximum power detection unit short-circuits both ends of 
the Solar cell panel, detects a maximum power by monitoring 
the output power of the Solar cell panel during a period from 
the open state to the short-circuited state, and defines the 
Voltage of the Solar cell panel as an optimal Voltage when 
detecting the maximum power. In a tracking operation mode, 
the control unit performs PWM control with respect to the 
MOSFET by defining the optimal voltage to be a reference 
signal. Operations are repeated between the maximum power 
detection mode and the tracking operation mode. 
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FIG. 2 
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FIG. 3 

BASIC OPERATION OF CONTROLLING LIGHT POWER GENERATION UNIT 
OF PRESENT INVENTION 

OPERATION IN MAXIMUM POWER GENERATION MODE OF STEP 1 AND 
OPERATION IN TRACKING OPERATION MODE OF STEP 2 ARE 
ALTERNATELY AND CONTINUOUSLY REPEATED BY PREDETERMINED PERIOD 

OPERATION OF MAXIMUM POWER GENERATION MODE 
DETECT MAXIMUM POWER OF PHOTOVOLTAIC 
POWER GENERATION UNIT AT THAT TIME 
AND FIND OPTIMAL OPERATION VOLTAGE 
CORRESPONDING TO DETECTED MAXIMUM POWER 

OPERATION OF TRACKING OPERATION MODE 
OPERATE POWER CONVERTING 
MEANS USING OPTIMAL OPERATION VOLTAGE 
FOUND IN MAXIMUM POWER GENERATION MODE 
AS REFERENCE VOLTAGE 
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FIG. 4 

S11 
MAXIMUM POWER GENERATION MODE 
TIME to: START PROCESSING OF 
MAXIMUM POWER GENERATION MODE, 
DRIVE OF REFERENCE VOLTAGE GENERATOR 
AND REFERENCE CURRENT GENERATOR 

S12 
MAXIMUM POWER GENERATION MODE 
PERIOD to at1:DETECTION OF OPEN-CIRCUIT VOLTAGE, 
OPEN OUTPUT TERMINALS OF SOLAR CELLPANEL AND 
DETECT THAT OPEN-CIRCUIT VOLTAGE 

S13 
MAXIMUM POWER GENERATION MODE 
PERIOD t1 rut3: DETECT MAXIMUM POWER 
PERFORM PWM CONTROL IN ACCORDANCE WITH 
DIFFERENTIAL VOLTAGE BETWEEN REFERENCE 
VOLTAGE AND OUTPUT VOLTAGE AND DETECT 
MAXIMUM POWER 

S14 
TIME t3, END OF MAXIMUM POWER GENERATION MODE 
(SWITCHING OF OPERATION MODE) 
FROM MAXIMUM POWER GENERATION MODE TO 
TRACKING MODE 

S21 
AFTERPOINT t3, OPERATION OF TRACKING MODE 
PWM CONTROL SO AS TO OBTAIN DETECTED 
MAXIMUM POWER 

S22 
JUDGMENT OF END OF TRACKING MODE 
DOES PREDETERMINED TIME PASSED? 
CHANGE OF OUTPUT OF SOAR CELL PANEL IS LARGE 
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FIG. 5 
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FIG. 1 1A 

NO SHADOW 

FIG. 11B 
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FIG. 12A 

NO SHADOW 

FIG. 12B 
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FIG. 16 

PWM SIGNAL 

25 

  



U.S. Patent Dec. 9, 2014 Sheet 16 of 21 US 8,908.404 B2 

FIG. 17 

PWM SIGNAL 

25 

  



997 

US 8,908.404 B2 Sheet 17 of 21 Dec. 9, 2014 

He Z D. L. m LL 

U.S. Patent 

0NIHO LIMS ECJOW 

TOH LNO O TVRHEINE|5) 

    

  

  



U.S. Patent Dec. 9, 2014 Sheet 18 of 21 US 8,908.404 B2 

FIG. 19 
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SOLAR POWER GENERATION SYSTEM, 
CONTROL DEVICE USED FOR SOLAR 
POWER GENERATION SYSTEM, AND 

CONTROL METHOD AND PROGRAM FOR 
SAME 

TECHNICAL FIELD 

The present invention relates to the art of converting the 
power generated by a light power generation unit, for 
example, a Solar unit, which generates power in accordance 
with the incident light. 

Specifically, the present invention relates to an invention of 
applying a maximum power point tracking (MPPT) control 
method to efficiently convert an output power of a solar cell 
panel or other light power generation panel to electric power. 

BACKGROUND ART 

There is known a Solar power generation system which 
assembles a plurality of Solar cells to configure a Solar cell 
panel and Supplies the electric power generated by that Solar 
cell panel to a load. 
A Solar cell fluctuates in output power according to the 

irradiance of the incident Sunlight or the ambient temperature. 
The maximum power operation point also greatly fluctuates. 
For this reason, a maximum power point tracking (hereinafter 
abbreviated as MPPT) control method of detecting the maxi 
mum output power of a Solar cell panel, which fluctuates 
according to the irradiance or other conditions, has been 
proposed. 

Further, in a grid interconnection type solar power genera 
tion system in which a Solar cell panel is connected to a load, 
there is proposed MPPT control using the so-called “hill 
climbing method of searching for the maximum output 
power of the solar cell panel (for example, PLT 1, Japanese 
Patent Publication No. 7-234733A1). 

In the above MPPT control, in order to search for the 
maximum power point of the Solar cell panel with a high 
precision, it is sufficient that the control processing system 
reduce the amount of change of the width of the pulse which 
is applied to a gate of a Switching element in a DC-DC 
converter used as the power converting means. However, in 
order to reduce the amount of change of the pulse width, it 
becomes necessary to raise the Switching frequency of the 
DC-DC converter or suitably improve the processing capa 
bility of the control processing system. For realization of that, 
there are restrictions in practical use in terms of technology, 
price, etc. 

For example, if reducing the amount of change of the pulse 
width, alonger time is taken for finding the maximum power 
point in response to a change of the irradiance of the light 
irradiated to the solar cell panel and therefore the response 
becomes a problem. There was therefore a limit to raising the 
efficiency of power conversion. 
On the otherhand, if increasing the amount of change of the 

width of the pulse which is applied to the gate of the switching 
element in order to improve the response, the power greatly 
fluctuates in the steady state, therefore the efficiency of power 
acquisition falls. 
The inventors of the present application came up with an 

invention which improves the control method already in prac 
tical use ingrid interconnection (for example PLT2, Japanese 
Patent No. 4294346). 

Below, the invention disclosed in PLT 2 will be summa 
rized. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In the maximum power detection mode, the system con 

trols the switching element configuring the DC-DC converter 
to change the output current of the Solar cell panel which 
flows to an inductor configuring the DC-DC converter from 
Zero to a short-circuiting current and thereby instantaneously 
scan a current-Voltage (I-V) characteristic of the Solar cell 
panel. 

Then, in the tracking operation mode, the system controls 
the switching element in the DC-DC converter using the 
detected output current of the solar cell panel as the optimal 
Solar cell current so as to track the output current of the Solar 
cell panel using this optimal Solar cell current as the reference 
signal and operates the panel at the obtained maximum power 
operation point. 
By alternately performing the operation in the maximum 

power detection mode of detecting the maximum power and 
the operation in the tracking operation mode of performing an 
operation for tracking the optimal Solar cell current detected 
in this way and by repeatedly operating in cycles of the 
maximum power detection mode and tracking operation 
mode, the maximum power point is reliably and strictly 
found, and power output control can be performed which 
tracks the optimal Solar cell current in accordance with the 
maximum power point found. 

CITATIONS LIST 

Patent Literature 

PLT 1: Japanese Patent Publication No. 7-234733 A1 
PLT 2: Japanese Patent No. 4294346 

SUMMARY OF INVENTION 

Technical Problem 

In the invention disclosed in PLT 2, the switching element 
built-in the DC-DC converter is turned on/off to change the 
output current of the solar cell panel flowing in the inductor 
built-in the DC-DC converter from Zero to a short-circuited 
current, therefore it becomes indispensable to use an inductor 
for the DC-DC converter. 

In this regard, when an efficient photovoltaic power gen 
eration system is configured by applying the MPPT control 
method, it has been desired to make use of the various types 
of power converting means where use of an inductor in the 
power converting means is not indispensable. 

In addition, it has been desired to find out a control tech 
nique and a control device to which Such various types of 
power converting means can be applied. 

Further, the present inventors discovered there is a case 
where there are a plurality of peaks in the output power of the 
solar cell panel when the solar cell panel is partially shaded or 
when the Solar cell panel is used in a mixed state and the 
operation follows the lower peak. Accordingly, it has been 
desired to find out a control technique and control device in 
which various types of power converting means can be 
applied and which enable effective control even in such a 
State. 

Note that, it has been desired to find out a control technique 
and control device in which various types of power converting 
means can be applied with a high efficiency not only for the 
grid interconnection type photovoltaic power generation sys 
tem tracking fluctuation of the load in operation as exempli 
fied in PLT2, but also for an independent type photovoltaic 
power generation system. 
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Above, the issues and the desires with respect to the same 
were explained with reference to a solar cell panel as an 
example of the light power generation unit. However, the 
same is true also for a light power generation control system 
using another light power generation unit for generating 
power in accordance with incident light. 
The present invention provides a light power generation 

system for realizing the above exemplified desires or dealing 
with the issues. 

Further, the present invention provides a power conversion 
apparatus which can be suitably applied to that light power 
generation control system. 

Further, the present invention provides a control device 
which can be applied to a Solar power generation system 
using the power conversion apparatus. 

Further, the present invention provides a control method of 
the same and a program for the same. 

Solution to Problem 

The present invention is, as illustrated in FIG. 3, based on 
the following technical concepts. 
(1) Operation mode as a whole 

Operation in a maximum power detection mode (FIG. 3, 
step 1) and operation in a tracking operation mode (step 2 in 
FIG. 3) are continuously or periodically alternately repeated 
in line with the output power of the light power generation 
unit, for example, Solar cell panel, which fluctuates according 
to the Surroundings. 
(2) In the maximum power detection mode (step 1), the opti 

mal power of the Solar power generation unit at that time is 
detected, and the optimal operation voltage corresponding 
to that optimal power is found. 

(3) In the tracking operation mode (step 2), the found optimal 
operation Voltage is used as a reference Voltage to operate 
the power converting means. 
A light power generation system of the present invention 

has a light power generation unit for generating power in 
response to incident light; a Voltage detecting means for 
detecting an output Voltage of the light power generation unit; 
a current detecting means for detecting an output current of 
the light power generation unit or a power detecting means for 
detecting an output power of the light power generation unit; 
a power converting means which includes a Switching ele 
ment, converts the output Voltage of the light power genera 
tion unit in response to an on/off operation of the Switching 
element, and outputs power of that Voltage; and a controlling 
CaS. 

The controlling means alternately performs a control 
operation of the maximum power detection mode and a con 
trol operation of a tracking operation mode and controls the 
Switching element in the two modes to control the conversion 
operation of the power converting means. 
The controlling means, in the maximum power detection 

mode, 
(a) makes the Switching element in the power converting 

means operate to a first logic state to open the circuit between 
the output terminals of the light power generation unit and 

(b) makes the Switching element operate to a second logic 
state from the open-circuit state to short-circuit the output 
terminals of the light power generation unit, 

in the process of which it detects the point at which the 
power of the product of the Voltage which was detected by the 
Voltage detecting means and the current which was detected 
by the current detecting means or the power which was 
detected by the power detecting means becomes the maxi 
mum and 
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4 
detects the voltage which was detected by the voltage 

detecting means at the time when detecting the maximum 
power as the optimal output Voltage. 
The controlling means, in the tracking operation mode, 

makes the Switching element operate so that a difference 
between the reference voltage and the voltage detected by the 
voltage detecting means becomes “0” or almost “0” using the 
optimal output Voltage as a reference Voltage. 

Further, according to the present invention, there is pro 
vided a control device performing the above control process 
ing. 

Further, according to the present invention, there is pro 
vided a control method for operation in the control device and 
a program for the same. 

Advantageous Effects of Invention 

According to the present invention, it becomes possible to 
utilize various types of power converting means where use of 
inductors in the power converting means is not an essential 
requirement. 

Further, according to the present invention, a control tech 
nique and control device in which various types of power 
converting means can be applied were obtained. 

Further, according to the present invention, it was possible 
to find a control technique and control device in which various 
types of power converting means can be applied and which 
enable effective control even in a case where the light power 
generation unit is partially shaded or a case where a plurality 
of peaks are formed in the output power of the light power 
generation unit when using a mixed configuration of light 
power generation unit. 

According to the present invention, it was possible to find 
a control technique and control device in which various types 
of power converting means can be applied with a high effi 
ciency for a grid interconnection type light power generation 
system which tracks fluctuation of the load in operation oran 
independent type light power generation system. 
The present invention is not limited to a solar cell panel as 

the light power generation unit and can be applied to a light 
power generation control system using another light power 
generation unit which generates powerinaccordance with the 
incident light as well. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 A view of the configuration of a solar power gen 
eration system of a first embodiment of the present invention. 

FIG. 2A waveform diagram in a circuit which is illustrated 
in FIG. 1. 

FIG. 3 A view which illustrates a control operation mode 
which is illustrated in FIG. 1. 

FIG. 4 A flow chart which shows the control operation 
illustrated in FIG. 1. 

FIG. 5A waveform diagram in a case where two different 
types of panels are used as the Solar cell panels (mixing case). 

FIG. 6 A graph showing I-V and P-V characteristics of a 
Solar cell in a state of no shadow and when a partial shadow is 
added. 

FIGS. 7A and 7B are diagrams showing results which are 
measured by a data logger when executing a hill-climbing 
method and an I-V instantaneous scan method in the present 
embodiment in accordance with presencefabsence of a partial 
shadow. 

FIG. 8 A diagram showing a response characteristic 
according to the present embodiment when the load is made 
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a pure resistance, the value thereof is stepwise changed, and a 
rapid load fluctuation is given. 

FIG. 9 A diagram showing an example of the response 
characteristic at the time of Sudden change of irradiance 
according to the control method of the present embodiment. 

FIG. 10 A diagram for comparison with the characteristic 
illustrated in FIG.9 and showing an example of the response 
characteristic at the time of Sudden change of irradiance 
according to the conventional hill-climbing method. 

FIG. 11 Diagrams showing the tracking property of the 
control method of the present embodiment in a case where no 
shadow is formed on the Solar cell panel and a case where a 
shadow is formed. 

FIG. 12 Diagrams for comparison with the illustration of 
FIG. 11 and showing the tracking property of the conven 
tional hill-climbing method in the case where no shadow is 
formed on the solar cell panel and the case where a shadow is 
formed. 

FIG. 13 A diagram showing a power acquisition perfor 
mance at the time of low illumination in the control method of 
the present embodiment. 

FIG. 14A diagram showing a power acquisition character 
istic at the time of low illumination in the control method of 
the present embodiment. 

FIG. 15 A view of the configuration of a solar power 
generation system of another embodiment of the present 
invention. 

FIG. 16 A circuit diagram showing the configuration of a 
buck type DC-DC converter which is applied to an embodi 
ment of the present invention. 

FIG. 17 A circuit diagram showing the configuration of a 
buck-boost type DC-DC converter which is applied to an 
embodiment of the present invention. 

FIG. 18 A view of the configuration of a solar power 
generation system of a fifth embodiment of the present inven 
tion. 

FIG. 19 A diagram showing an example of the circuit 
configuration of an inverter illustrated in FIG. 18. 

FIG. 20 A view of the configuration of a solar power 
generation system of a sixth embodiment of the present 
invention. 

FIG. 21 A diagram showing measured values in a seventh 
embodiment of the present invention. 

FIG. 22 A view of the configuration of the solar power 
generation system of an eighth embodiment of the present 
invention. 

DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention will be explained 
with reference to the attached drawings. 

First Embodiment 

Referring to FIG. 1 to FIG. 4, a first embodiment of a light 
power generation control system of the present invention will 
be explained. 

FIG. 1 is a view of the configuration showing an embodi 
ment of an “independent type” Solar power generation sys 
tem. FIG. 2 to FIG. 4 are diagrams showing the operation of 
the photovoltaic power generation system illustrated in FIG. 
1. 

In the first embodiment, as an example of the light power 
generation unit of the present invention, a Solar cell panel 
(PV) will be exemplified. 
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6 
System Configuration 
A solar power generation system 100 has a PV (PV) 11, a 

Voltmeter 12 for detecting (measuring) an output Voltage V 
between output terminals (TO1, TO2) of the PV11, an amme 
ter 13 for detecting (measuring) an output current I of the 
PV 11, a power converter circuit 24 which has a DC-DC 
converter, and a control device 25 for controlling the power 
converter circuit 24. 
The solar power generation system 100 supplies the power 

which was generated by the PV 11 in accordance with the 
incident light by the voltage V, which the load 16 side desires. 

Here, the load 16 envisions a load which is independent 
from the commercial power Supply, including a battery, or a 
load which is connected to a commercial power Supply Such 
as a grid interconnection inverter which has a function of 
keeping the Voltage V, constant. 
PV (PV) 
The PV 11 is configured by a plurality of solar cells (here 

inafter abbreviated as “cells'), each having a predetermined 
electromotive force, which are connected together. As the 
method of connection of the plurality of cells configuring the 
PV 11, various ones can be employed. For example, the 
plurality of cells may be connected in parallel or units to 
which a predetermined number of cells are connected in 
series may be connected in parallel. The number of cells used 
is selected in accordance with the desired power. 
The PV 11 generates power in accordance with the irradi 

ated light amount, temperature, and so on and outputs the 
same from the output terminals TO1 and TO2 to the power 
converter circuit 24. 
Power Converting Means 
The power converter circuit 24 of one embodiment of the 

power converting means of the present invention is a boost 
type DC-DC converter which is comprised of an inductor 
241, MOSFET 242, diode 243, and capacitor 244 which are 
connected as shown in the figure. 
The power converter circuit 24 has a power conversion 

function of converting a DC power P (or DC voltage V) 
which is generated at the PV 11 according to the control of the 
control device 25 which controls the MOSFET 242 by for 
example a PWM (pulse width modulation) method and Sup 
plying the result to the load 16 side. 
The diode 243 is for backflow prevention. 
The MOSFET 242 is connected between the output termi 

nals TO1 and TO2 so as to open the circuit between or short 
circuit the output terminals TO1 and TO2 (or nodes N1 and 
N2) in state in addition to execution of the power conversion 
function. The MOSFET 242 is one type of switching (SW) 
element of the present invention. Use can be made of another 
SW element such as a power transistor. 
When, at a point of time t0 illustrated in FIG. 2, the MOS 

FET 242 becomes a first logic state, for example, the “open’ 
state, and opens the circuit between the nodes N1 and N2, the 
output voltage V of the PV 11 is stored in the capacitor 244 
with the characteristic which is defined by the time constant 
of the LC circuit of the inductor 241 and the capacitor 244. As 
a result, the voltage V-between nodes N3 and N4 at the two 
ends of the capacitor 244 rises. On the other hand, the output 
current I, and output power P of the PV 11 falls to “0” or 
almost “O'”. 
When, at a point of time t1 illustrated in FIG. 2, the MOS 

FET 242 becomes a second logic state, for example, the 
"closed’ state, and short-circuits the nodes N1 and N2, the 
voltage V, between the nodes N3 and N4 at the two ends of 
the capacitor 244 falls. On the other hand, the output current 
I, and output power P, of the PV 11 increase from “0” or 
almost “O'”. 
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The invention disclosed in PLT2 considers the operation of 
the inductor and turns the MOSFET on and offin an operation 
mode for detecting the maximum power Pmax for the MPPT 
control (the optimal power detection mode or I-V scan mode) 
So as to monitor the change of the current flowing in the 
inductor (transient characteristic). 

In the power converter circuit 24, the inductor 241 operates 
only for the power conversion function and is not indispens 
able for monitoring the transient characteristic for the MPPT 
control. In this way, the power converting means applied to 
the present invention is not limited to a DC-DC converter as 
the circuit using the inductor 241 which is exemplified in FIG. 
1. Details thereof will be explained later. 
Note that, in the first embodiment, a power converter cir 

cuit 24 which uses a DC-DC converter using the inductor 241 
which is illustrated in FIG. 1 will be explained. 

Control Device 
The control device 25 has an A/D converter (ADC) 521, 

multiplier 252, maximum power detector 253, holding circuit 
253a, first adder 254, first control processor 255, carrier wave 
generator 256, comparator 258, PWM signal generator 259, 
reference voltage (VREF) generator 260, second adder 261, 
second control processor 262, first switch (SW) 263, general 
controller 264, second switch (SW) 265, reference current 
(IREF) generator 266, and third adder 267. 
The control device 25 which has the configuration 

described above can be configured by a computer, for 
example, a digital signal processor (DSP). 

For example, in the control device 25, the parts for per 
forming complex processing and judgments can be config 
ured by a computer or DSP and other parts can be configured 
by hardware circuits. 

For example, the carrier wave generator 256, PWM signal 
generator 259, VREF generator 260, and IREF generator 266 
can be configured by hardware circuits, and the other parts 
concerned with the control processing and judgments, for 
example, the multiplier 252, maximum power detector 253, 
holding circuit 253a, first adder 254, first control processor 
255, comparator 258, second adder 261, second control pro 
cessor 262, first SW 263, general controller 264, second SW 
265, and third adder 267, can be realized by software or a 
program using a computer. 

The holding function of the circuit explained above can be 
realized by a register or memory circuit as a hardware circuit 
and can be realized by the memory of a computer as a com 
puter. 

Below, the case where, as explained above, the control 
device 25 is realized by efficiently splitting the functions 
between hardware circuits and software using a computer will 
be exemplified. 

The processing functions of the computer at that time will 
be explained with reference to the flow chart of FIG. 4. 

The basic operations of the parts will be explained below. 
As illustrated in FIG. 2 and FIG. 3, the general controller 

264 controls the operation of the control device 25 as a whole. 
For example, the general controller 264 performs an opera 

tion of judging and alternately switching the maximum power 
detection mode (or I-V scan mode) (FIG. 2, FIG. 3, step 1) or 
the tracking operation mode (FIG. 2, FIG. 3, step 2), starting 
or stopping of the circuit to be operated in response to these 
modes, and other processing. 
The control device 25, in the maximum power detection 

mode at step 1, performs an operation of detecting (searching 
for) the maximum power Pmax of the PV 11 under the Sun 
light conditions at that time and detecting the optimal opera 
tion Voltage V corresponding to the maximum power 
Pmax. 
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8 
The control device 25, in the tracking operation mode at 

step 2, operates to controls the power converter circuit 24 so 
as to maintain the optimal operation Voltage V which was 
detected in the maximum power detection mode. 
The ADC 251 converts the output voltage V of the PV 11 

which was detected by the voltmeter 12 to a digital signal. 
Simultaneously, the ADC 251 converts the output current I. 
which was detected by the ammeter 13 to a digital signal. 
The digital voltage V, which was converted in the ADC 

251 is supplied to the multiplier 252, the second (negative 
pole) terminal of the first adder 254, and the second (negative 
pole) terminal of the second adder 261. 
The digital current I, which was converted at the ADC 

251 is supplied to the multiplier 252. 
The multiplier 252 multiplies the digitalized output voltage 

V, and the digitalized output current I to calculate the 
output power P of the PV 11 in a digital format 

Step 1, Maximum Power Detection Mode (FIG. 2, FIG. 3) 
The maximum power detector 253 monitors the power P 

which was calculated in the multiplier 252, detects the maxi 
mum power Pmax which is illustrated in FIG. 2E, calculates 
the optimal output Voltage V corresponding to the maxi 
mum power Pmax illustrated in FIG. 2D, and outputs the 
optimal output Voltage V to the holding circuit 253a to hold 
it. Details of the content of this processing will be explained 
with reference to FIG. 2 and FIG. 4. 
The holding circuit 253a is a circuit for holding the optimal 

output voltage V, which as calculated in the maximum 
power detector 253 and is configured by for example a circuit 
having a register function and the memory in the computer. 
The optimal output Voltage V, which is held in the hold 

ing circuit 253a is used as a reference signal in the tracking 
operation mode. 
The adder 254 subtracts the Voltage V, which was sup 

plied to the second input terminal from the optimal Voltage 
V, which is supplied from the holding circuit 253a to the 
first input terminal and outputs the thus calculated difference 
signal (V-V) to the control processor 255. 
The control processor 255 performs for example a propor 

tional (P) control operation, preferably further performs an 
integration (I) control operation, on the difference signal 
(V-V) which is output from the adder 254, calculates a 
second reference wave signal Vref2 for PWM control, and 
outputs the result to the second input terminal “b” of the SW 
263. 

Step 2, Tracking Operation Mode 
In the tracking operation mode, when the general controller 

264 (or maximum power detector 253) makes the SW 263 
select the second input terminal “b’, the second reference 
wave signal Vref2 which was calculated in the control pro 
cessor 255 is supplied to the first input terminal of the com 
parator 258. 
The carrier wave generator 256 generates a sawtooth 

shaped waveform (or triangular waveform) carrier wave 
pulse signal V, exemplified in FIG. 2B, which iterates by a 
predetermined period and which changes to “0” or decreases 
with a predetermined inclination when each waveform 
increases from “0” with a predetermined inclination and 
reaches the maximum, and Supplies this to the second input 
terminal of the comparator 258 for PWM control. 
A sawtooth-shaped waveform (or triangular waveform) 

carrier wave pulse signal V is used in this way for making the 
PWM signal generator 259 generate a signal having a pulse 
width in accordance with the level when the comparator 258 
compares the above signal with the level of the second refer 
ence wave signal Vref2 or first reference voltage signal Vref1 
which will be explained later. 
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The comparator 258 compares the levels of the second 
reference wave signal Vref2 or first reference voltage signal 
Vref1 and the carrier wave pulse signal V. 
When the level of the carrier wave pulse signal V, is lower 

than the second reference wave signal Vref2 or first reference 
voltage signal Vref1, the comparator 258, for example, out 
puts a low level signal to the PWM signal generator 259. On 
the other hand, when the level of the carrier wave pulse signal 
V, is higher than the second reference wave signal Vref2 or 
first reference voltage signal Vref1, the comparator 258, for 
example, outputs a high level signal to the PWM signal gen 
erator 259. 
The change of logic level of the comparison result signal 

which is output from the comparator 258 defines the on/off 
duty ratio of a PWM control signal S259. 

The PWM signal generator 259, as illustrated in FIG. 2C, 
for example, supplies a high level (on level) PWM control 
signal S259 to the gate of the MOSFET 242 of the power 
converter circuit 24 when the output signal of the comparator 
258 has a low level, while supplies a low level (off level) 
PWM control signal S259 to the gate of the MOSFET 242 of 
the power converter circuit 24 when the output signal of the 
comparator 258 has a high level. 
When the gate of the MOSFET 242 in the power converter 

circuit 24 is supplied with a high level PWM control signal, 
the MOSFET 242 becomes ON in State and short-circuits the 
node N1 and node N2 at the two ends of the MOSFET 242. As 
a result, the capacitor 244 exhibits a discharge state, and the 
inter-terminal voltage of the nodes N3 and N4 falls. 
On the other hand, when the gate of the MOSFET 242 is 

supplied with a low level PWM control signal, the MOSFET 
242 becomes OFF and opens the circuit between the node N1 
and the node N2 in the power converter circuit 24. As a result, 
the output voltage V of the PV 11 is stored in the capacitor 
244 by a time constant of the LC circuit of the inductor 241 
and capacitor 244 in the power converter circuit 24. As a 
result, the Voltage is boosted in the capacitor 244. 

In this way, the control device 25 suitably controls the 
MOSFET 242 in the power converter circuit 24 by the PWM 
modulation method in line with the state of the PV 11 and 
supplies the desired power to the load 16. 
The VREF generator 260 and IREF generator 266, in the 

optimal power detection mode, for example, generate the 
reference current signal Iref and reference Voltage signal 
Vref) which are illustrated in FIG. 2A. 

In the time period to to t1 which is illustrated in FIG. 2, the 
reference current signal Iref which is output from the IREF 
generator 266 is “0”. At the point t1, it is the open-circuit 
Voltage V. After that, for an elapsed time “t during the 
time period from the point t1 to t3, when the time period from 
t1 to t3 is defined as the time t, the VREF generator 260 
generates the reference voltage Vrefo which is defined by the 
following equation. 

Reference current Irefo=0 time period to to t1 

Reference voltage Vref)=V-(Vyt)xt time period 
i1 to i3 (1) 

The third adder 267, in the time period to to t1, computes a 
difference (Irefo-I) between the reference current signal 
Irefo which is supplied from the IREF generator 266 and the 
output current I, which is output from the ADC 251. The 
result of computation passes through the second SW 265 and 
is Supplied to the second control processor 262. 
The second adder 261, in the time period t1 to t3, computes 

a difference (V-Vrefo) between the reference voltage sig 
nal Vrefo which is supplied from the VREF generator 260 and 
the output voltage V, which is output from the ADC 251. 
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10 
The result of computation passes through the second SW 265 
and is Supplied to the second control processor 262. 
The general controller 264 switches the second SW 265 at 

the above timings to to t1 and t1 to t3. 
The second control processor 262 performs proportional 

(P) processing, preferably further performs integration (I) 
processing, on the signal of the current difference (Irefo-I) 
which was output from the adder 261 in the time period to to 
t1 and on the signal of the voltage difference (V-Vrefo) 
which was output from the adder 261 in the time period t1 to 
t3 so as to generate the first reference voltage signal Vref1 and 
supplies the result to the input terminal “a” of the SW 263. 

In the maximum power detection mode, when the first 
input “a” of the SW 263 is selected by the general controller 
264, the first reference voltage signal Vref1 which was output 
from the control processor 262 is compared with the carrier 
wave pulse signal Vic which was output from the carrier wave 
generator 256 in the comparator 258. Based on the result of 
comparison, the PWM signal generator 259 generates the 
PWM control signal 5259 and supplies this to the gate of the 
MOSFET 242. 

In the two modes of the maximum power detection mode 
and the tracking operation mode, the general controller 264. 
ADC 251, comparator 258, carrier wave generator 256, and 
PWM signal generator 259 operate. 

In the maximum power detection mode, the ADC 251, 
multiplier 252, maximum power detector 253, VREF genera 
tor 260, IREF generator 266, adders 261 and 267, control 
processor 262, SW 263 (first input terminal “a”), comparator 
258, carrier wave generator 256, PWM signal generator 259, 
and SW 265 operate. 
On the other hand, in the tracking operation mode, the 

holding circuit 253a, adder 254, SW 263 (second input ter 
minal “b'), comparator 258, carrier wave generator 256, and 
PWM signal generator 259 operate. 
Mode Judgment and Switching 
As exemplified in FIG. 2 and FIG. 4, for example, under the 

control of the general controller 264, the operation in the 
maximum power detection mode and the operation in the 
tracking operation mode are alternately carried out. 
The judgment of the start and end of the maximum power 

detection mode and the judgment of Switching between the 
maximum power detection mode and the tracking operation 
mode can be carried out by the general controller 264. 
As illustrated at step 22 of FIG. 4, the maximum power 

detection mode and the tracking operation mode can be 
switched by the general controller 264 can be automatically 
switched by, for example, a predetermined period, for 
example, each second. Alternatively, the general controller 
264 monitors the change of the voltage V of the PV 11 or 
the power calculated in the multiplier 252 in the tracking 
operation mode and Switches the operation from the tracking 
operation mode to the maximum power detection mode when 
the change of the Voltage V or power is large. In the maxi 
mum power detection mode, the maximum power Pmax and 
the optimal output Voltage Vop corresponding to that are 
obtained. When the maximum power detection mode ends, 
the operation can be Switched to the tracking operation mode. 

Details of the operation in the maximum power detection 
mode and the operation in the tracking operation mode will be 
explained later. 

Operation in Optimal Power Detection Mode 
Below, the control operation by the control device 25 in the 

maximum power detection mode in the time period of T1 to 
T2 in FIG. 2 will be explained. 

Point t0, Start Processing of Maximum Power Detection 
Mode (FIG. 4, step 11) 
At the start point t0 of the maximum power detection mode 

at which the operation Switches from the tracking operation 
mode to the maximum power detection mode, the general 
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controller 264 selects the first input terminal “a” of the SW 
263 and makes it supply the first reference Voltage signal 
Vref1 from the control processor 262 to the comparator 258. 
The general controller 264 makes the VREF generator 260 

and IREF generator 266 operate. The IREF generator 266 5 
outputs the reference current signal Irefo=0 in the time period 
t0 to t1. In the time period t1 to t3, the VREF generator 260 
outputs as the reference voltage signal Vref) the reference 
voltage signal Vrefo which is defined by equation (1) and has 
the waveform illustrated in FIG. 2A. 10 

The reference signal is comprised of a reference current 
which is “0” during the term from the point t0 to t1 and the 
reference voltage which falls to “0” with a constant inclina 
tion from the open-circuit Voltage V, during the term from 
the point t1 to t3. 15 

The reference current is the reference current for making 
the MOSFET 242 operate so as to open the circuit of the 
output terminals TO1 and TO2 of the PV 11. 
The reference Voltage is a signal which is changed so that 

when the open-circuit Voltage V, between the output termi- 20 
nals TO1 and TO2 of the PV 11 is detected, as illustrated in 
FIG. 2D, the output voltage V of the PV 11 decreases from 
that open-circuit voltage V, to the Voltage (V-0) at the 
time when the output terminals TO1 and TO2 short-circuit 
and falls with an inclination of -(V/t). 25 
The adder 267 computes the difference (Irefo-I) 

between the reference current signal Irefo which is supplied 
from the IREF generator 266 and the output current I, which 
is output from the ADC 251 in the time period to to t1. 

Further, in the time period t1 to t3, the adder 261 computes 30 
the difference (V-Vref)) between the reference voltage 
signal Vrefo which is supplied from the VREF generator 260 
and the output voltage V, which is output from the ADC 
251. 
The control processor 262 performs proportional (P) pro- 35 

cessing, preferably further performs integration (I) process 
ing, on the (Iref)-I) or (V-Vrefo) which is input through 
the SW 265 and supplies the result of processing as the first 
reference voltage signal Vref1 via the first input/output ter 
minal “a” of the SW 263 to the comparator 258. 40 
The comparator 258 compares in level the first reference 

voltage signal Vref1 which was output from the control pro 
cessor 262 and the carrier wave pulse signal Vc which is 
output from the carrier wave generator 256 which is illus 
trated in FIG.2B. As illustrated in FIGS. 2B and 2C, it outputs 45 
for example a low level signal to the PWM signal generator 
259 when the level of the carrier wave pulse signal Vc is lower 
than the first reference wave signal Vref1, while outputs for 
example a high level signal to the PWM signal generator 259 
when the level of the carrier wave pulse signal Vc is higher 50 
than the first reference wave signal Vref1. 

The PWM signal generator 259, as illustrated in FIG. 2C, 
for example, supplies a high level (ON level) PWM control 
signal S259 to the gate of the MOSFET 242 of the power 
converter circuit 24 only in the case where the output signal of 55 
the comparator 258 is at the low level. 

Detection of Open-Circuit Voltage During Term from Point 
t0 to t1 (FIG.4, step 12) 

During the term from the point t0 to t1, the value of the 
reference current signal Iref is “0”, therefore the output signal 60 
of the adder 267 becomes “negative', and the output signal of 
the control processor 262, that is, the reference Voltage signal 
Vref1, decreases. 
When the reference voltage signal Vref1 is low, the PWM 

signal generator 259, as illustrated in FIG. 2C, outputs a 65 
PWM signal which sets the MOSFET 242 to the first logic 
state, for example, the “open’ state. As a result, the output 

12 
terminalsTO1 and TO2 of the PV 11 are opened in circuit, the 
output voltage V, rises as illustrated in FIG. 2D, and, on the 
other hand, the output current I and output power P 
decrease as illustrated in FIGS. 2D and 2E. 
The maximum power detector 253 continuously monitors 

the output current I (or output power P) from the point to 
at which the maximum power detection mode starts. At the 
point t1, it detects the output Voltage V at the time when the 
output current I (or output power P) becomes “0” or 
almost “0” as the open-circuit Voltage V at the time when 
the output terminals TO1 and TO2 are open in circuit and 
outputs it to the VREF generator 260. 
The VREF generator 260 holds the open-circuit voltage 

Voc. 
At the point t1, when the output terminals TO1 and TO2 

have become open in circuit, upon instruction of the general 
controller 264, the VREF generator 260 outputs the voltage 
signal Vrefo illustrated in FIG. 2A which falls from the open 
circuit Voltage V with an inclination defined by Equation 
(1) along with passing of the time “t'. 
From Period t1 to Period t3, Maximum Power Detection 

Period (FIG.4, step 13) 
During the term from the period t1 to period t3, the adder 

261 computes the difference between the reference voltage 
signal Vrefo which is output from the VREF generator 260 
and falls with a constant inclination and the output Voltage 
V, which is output from the ADC 251 at that time. 
The control processor 262 performs control processing in 

accordance with the differential voltage and supplies the 
result as the second reference Voltage signal Vref1 through 
the SW 263 to the comparator 258. 
The comparator 258 and PWM signal generator 259 gen 

erate the PWM signal illustrated from the point t1 in FIG. 2C 
in accordance with the voltage difference (V-Vrefo). The 
MOSFET 242 is then controlled by the PWM method. 
As a result, the output Voltage V, falls in response to the 

reference voltage signal Vrefo. 
The maximum power detector 253 monitors the power P 

which is output from the multiplier 252 from the point of time 
t1 and detects the maximum power P. showing the maxi 
mum power P. 
When detecting the maximum power P, the maximum 

power detector 253 detects the output voltage V of the PV 
11 corresponding to the maximum power P as the optimal 
output voltage Vop and stores this in the holding circuit 253a. 
End of Maximum Power Detection Mode (FIG.4, Step 14) 
The general controller 264, for example, detects at the 

point t3 that the output voltage V, falls to “0” (or the output 
power P becomes “0”) and the output terminals TO1 and 
TO2 short-circuit. At that time, it switches the operation from 
the maximum power detection mode to the tracking operation 
mode. 

Tracking Operation Mode (FIG. 4, Step 21) 
The general controller 264, at the point t3, switches the SW 

263 to the second input terminal “b' side as the end of the 
maximum power detection mode of the time period T1 to T2 
and the start of the tracking operation mode. 
Due to this, in the first adder 254, the differential voltage 

between the optimal output voltage Vop which is supplied 
from the holding circuit 253a and the voltage V, which is 
supplied from the ADC 251 is calculated. Based on the result 
of calculation, the second reference Voltage signal Vref2 
which is obtained by processing control in the control pro 
cessor 255 is supplied via the SW 263 to the comparator 258. 
The method of generation of the PWM control signal 5259 

by the comparator 258 and PWM signal generator 259 is as 
explained above. 
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Due to this, in the tracking operation mode, the output 
voltage V of the PV 11 is controlled so as to maintain the 
optimal output Voltage Vop which is Supplied from the opti 
mal voltage holding circuit 253a. 

Judgment of End of Tracking Mode (FIG. 4, Step 22) 
Switching between the maximum power detection mode 

and the tracking operation mode by the general controller 264 
can be automatically performed at for example a predeter 
mined period, for example, every second. Alternatively, the 
general controller 264 monitors the change of the Voltage V 
of the PV 11 or the power which was calculated by the 
multiplier 252 in the tracking operation mode and switches 
the operation from the tracking operation mode to the maxi 
mum power detection mode when the change of the Voltage 
V, or power is large. 

In this way, according to the first embodiment of the 
present invention, by repeatedly operating the detection 
operation of the maximum power point and tracking opera 
tion as one cycle (detection periodT, for example, 1 second), 
the Voltage can be boosted to the optimal Voltage at the 
maximum power point Pmax of the PV 11 at that time. 
As explained above, the inductor 241 in the power con 

verter circuit 24 only functions as a DC-DC converter and 
does not use the discharge characteristic of the inductor at the 
time of detection (identification) of the maximum power 
Pmax and optimal operation Voltage Vop. Accordingly, it is 
not necessary to provide an inductor for the detection (iden 
tification) of the maximum power Pmax and/or optimal 
operation voltage Vop in the power converter circuit 24 in the 
first embodiment of the present invention. As a result, accord 
ing to the first embodiment, it is possible to use not only the 
DC-DC converter 24 illustrated in FIG.1, but also the various 
types of power converting means which will be explained 
later. 

Further, the control device 25 of the first embodiment can 
perform the same control processing as that described above 
even in the case of use of these various types of power con 
Verting means. 

Note that, in the first embodiment, the load 16 is adjusted so 
that the load voltage becomes constant at substantially 25V 
by connecting two 12V batteries of in series and connecting a 
100 W lightbulb parallel to these. 

Modification (1) of First Embodiment 

When configuring the multiplier 252 by a hardware circuit, 
for example analog processing circuit, the ADC 251 is unnec 
essary. The analog voltage Vpv which was detected by the 
Voltmeter 12 and the analog current I which was detected at 
the ammeter 13 can be directly multiplied by the analog 
circuit multiplier 252 to calculate the power Pe. In this case, 
an A/D converter (ADC) is provided at the output side of the 
multiplier 252, and digital power P, is output to the maxi 
mum power detector 253. 

Modification (2) of First Embodiment 

A DC wattmeter can also be provided between the output 
terminalsTO1 and TO2 of the PV 11 to directly measure the 
power of the PV 11. In that case, the multiplier 252 which 
multiplies the Voltage and current to calculate the power and 
the ammeter 13 are unnecessary. 

In this case, the ADC 251 outputs the voltage which was 
measured by the voltmeter 12 to the adder 254 and adder 261 
in the same way as the case explained above. On the other 
hand, the ADC 251 converts the power which was measured 
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14 
by the DC wattmeter to a digital value which it then supplies 
to the maximum power detector 253. 

Second Embodiment 

Example of Case of Mixing 

The second embodiment which is illustrated in FIG. 5 
shows an example of a case of using two different types of 
panels as the PV 11 (case of mixing). 

In the maximum power detection mode, for example, there 
are two peak powers in a short judgment time of 1 ms. The 
first peak power is Small, and the next peak power is the 
maximum power Pmax. 
The control device 25, in the maximum power detection 

mode, gradually raises the output voltage VpV of the PV 11, 
monitors the Voltage VpV at that time, and detects the open 
circuit state (FIG.4, step 12). 

Next, the control device 25, using the reference voltage 
signal Vrefo, lowers the output voltage VpV of the PV 11 from 
the open-circuit voltage VOC with a constant inclination to 
gradually lower it. In this process (time period), it continu 
ously monitors the output Voltage. When detecting power 
having a plurality of peaks, it detects the maximum power 
Pmax showing the maximum peak and detects the optimal 
operation Voltage Vop corresponding to this maximum power 
Pmax (FIG. 4, step 13). 

Further, in the tracking operation mode, it performs a con 
trol operation which tracks the optimal operation Voltage Vop 
(FIG. 4, step 21). 

In this way, even if the PV 11 is configured mixed, accord 
ing to this embodiment of the present invention, it is possible 
to perform the processing at step 13 of FIG. 4 by selecting the 
maximum peak among the plurality of peaks by the method 
explained above to thereby accurately detect the maximum 
power Pmax. As a result, in the tracking operation mode, in 
the same way as the first embodiment, it is possible to perform 
the tracking operation based on the optimal Voltage Vop cor 
responding to that maximum power Pmax. 

Modification of Second Embodiment 

In the case where the PV 11 explained above uses two 
different types of panels, that is, the case of so-called mixing, 
it is possible to use the method of the second embodiment 
explained above to detect the optimal operation Voltage Vop 
which corresponds to the maximum power Pmax and to use 
the detected optimal operation voltage Vop to correct the 
operation point of the conventional hill-climbing method. 

Third Embodiment (Case of Partial Shadow) 

FIG. 6 is a diagram which shows the I-V and P-V charac 
teristics of a solar cell in the state where there is no shadow 
indicated by a broken line and at the time when a partial 
shadow indicated by a wide broken line is added. 

In this embodiment (experiment), a shadow is added to one 
cell of one solar cell module whereby two output peaks are 
generated. It is seen that the maximum power point when 
adding a partial shadow is at the low Voltage side (operation 
point A). The operation point in the case of no shadow was 
indicated by B. 

FIGS. 7A and 7B are diagrams showing results of mea 
Surement by a data logger when performing the hill-climbing 
method and IV instantaneous scan method. 
The results according to the hill-climbing method which is 

illustrated in FIG. 7A show that the tracking operation was 
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unstably performed near the flat operation point B (about 6 
W) on the high voltage side which is illustrated in FIG. 6 in 
the P-V characteristic when adding a partial shadow. 

Contrary to this, the results according to the “IV instanta 
neous scanning method of the present embodiment which is 
illustrated in FIG. 7B show that the tracking operation was 
reliably carried out at the maximum output operation point A 
(about 17W) on the low voltage side illustrated in FIG. 6. The 
output becomes about 2.8 times greater. 
The third embodiment has the advantage that the detection 

time of the IV characteristic can be freely set in the general 
controller 264 as well. 

Modification of Third Embodiment 

In the case where a partial shadow is added to the PV 11, 
according to the method of the third embodiment explained 
above, it is also possible to detect the optimal operation volt 
age Vop and use the detected optimal operation Voltage Vop to 
correct the operation point of the conventional hill-climbing 
method. 

Effects of First to Third Embodiments 

The results obtained by performing the same experiment as 
that in the invention disclosed in PLT2 will be explained for 
the photovoltaic power generation systems of the first to third 
embodiments. 

FIG. 8 is a diagram showing a response characteristic when 
making the load 16 a pure resistance RL, Stepwise changing 
the value thereof like 1092->2092->1092, and giving a rapid 
load fluctuation. 
An abscissa represents the time, a left side ordinate repre 

sents the output power of the Solar cell, and a right side 
ordinate represents the irradiance. 
A curve indicated by notation. A shows the irradiance, a 

curve indicated by notation B shows the characteristic of the 
present control method, and a curve indicated by notation C 
shows the characteristic of the conventional method. 

In the control method of the embodiment based on the 
present invention, compared with the method of the conven 
tional example, power which is proportional to the irradiance 
can be stably taken out without being influenced by load 
fluctuation. 

Characteristics in Case of Nightfall and Sudden Change of 
Irradiance 
The technical crux of a solar cell panel (PV) resides in a 

point of how far the Sunlight can be caught and power can be 
supplied at the time when the trackability with respect to a 
Sudden change in the illumination by Sunlight and the abso 
lute value of illumination decrease (nightfall etc.) 

Referring to FIG.9, the response characteristic at nightfall 
and other cases where the irradiance Suddenly changes will be 
considered. 

FIG. 9 is a diagram showing an example of the response 
characteristic according to a control method of the embodi 
ment of the present invention at the time of a Sudden change 
in the irradiance. The abscissa represents the time, the left 
side ordinate represents the output power of the Solar cell, and 
the right side ordinate represents the irradiance. 

FIG. 10 is a diagram for comparison with the results illus 
trated in FIG. 9 and shows an example of the response char 
acteristic according to the hill-climbing method when the 
irradiance Suddenly changes. 

FIG. 11 is a diagram showing the tracking characteristics 
of the control of the embodiment of the present invention in a 
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16 
case where a shadow is not formed in PV (FIG. 11A) and a 
case where it is formed (FIG. 11B). 

FIG. 12 is a diagram for comparison with the example 
illustrated in FIG.11 and shows the tracking characteristics of 
the control of the present embodiment in a case where a 
shadow is not formed in the solar cell panel (PV) (FIG. 12A) 
and a case where it is formed (FIG. 12B). Note that, in FIG. 
12B, the arrows on the two sides which are directed toward 
the maximum power Pmax' illustrate a state where the power 
is made to approach the maximum power Pmax'. 

FIG. 13 is a diagram showing a power acquisition charac 
teristic according to the embodiment of the present invention 
at the time of low illumination of the sunlight which is irra 
diated at the solar cell panel (PV). 
The abscissa represents the time, the left side ordinate 

represents the useful utilization factor UUF of the solar cell 
representing the efficiency of the power acquisition, and the 
right side ordinate represents the panel Surface irradiance G. 

Note that, when the maximum power point detection 
period is T, the useful utilization factor UUF of the solar cell 
is given by the following equation. 

Operation point output 
UUF = - - - - X Pmax point output 

100 = Equation 1 

Pina x 100 %} 

In contrast to the hill-climbing method which was per 
formed by MPPT control, the control method of the embodi 
ment of the present invention is excellent in all points. 

Regarding the trackability of Sudden change of illumina 
tion, as shown in FIG. 9, with the control method of the 
embodiment of the present invention, it is possible to detect 
the maximum power point after a change by only one scan 
(detection). 

In the control method of the embodiment of the present 
invention, because a simple maximum value is detected, 
tracking is possible so long as there is an inclination in the full 
SCall. 

In the control method of the embodiment of the present 
invention, when the irradiance G is 800W/m at the time of a 
peak, the useful utilization factor UUF is maintained at 90% 
even if the illumination falls to 100/m. 

FIG. 14 is a diagram showing a power acquisition perfor 
mance at the time of low illumination in the control method of 
the embodiment of the present invention. 
The abscissa represents the time, the left side ordinate 

represents the output power P of the Solar cell and Solar cell 
useful utilization factor UUF, and the right side ordinate 
represents the irradiance G of the panel surface. 

In the control method of the embodiment of the present 
invention, the solar cell useful utilization factor UUF shows a 
high efficiency such as 80% or more when the irradiance G is 
50 W/m2. 

Further, in the control method of the embodiment of the 
present invention, when the irradiance G is 50 W/m or less, 
the solar cell useful utilization factor UUF falls, but about 
60% energy can be retrieved. 

According to the embodiment, when comparing the con 
trol method of the embodiment of the present invention and 
the conventional method which mounts a battery control 
device which is widely utilized in an independent type pho 
tovoltaic power generation system for the amount of the gen 
erated power, according to the embodiment of the present 
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invention, it was seen that the power increased by about 
14.8% and a very high solar cell useful utilization factor UUF 
such as about 99% could be obtained. 

Fourth Embodiment 

FIG. 15 shows a photovoltaic power generation system 
100A of a fourth embodiment of the present invention. 
The photovoltaic power generation system 100A is an 

independent type photovoltaic power generation system. 
When comparing this with the system configuration illus 

trated in FIG. 1, the photovoltaic power generation system 
100A illustrated in FIG. 15 is provided with a battery 28. 
The operations of the power converter circuit 24 and con 

trol device 25 are the same as the operations explained in the 
first embodiment. 
By the photovoltaic power generation system 100A illus 

trated in FIG. 15 as well, the same results as those by the first 
embodiment were obtained. Accordingly, a detailed explana 
tion thereof will be omitted. 
DC-DC Converter (1) 
The DC-DC converter used as the power converter circuit 

in the first to fourth embodiments explained above with ref 
erence to FIG. 1 was explained by taking as an example a 
boost type DC-DC converter. When using a boost type DC 
DC converter, a higher load voltage than the voltage of the 
solar cell panel (PV) 11 can be obtained. 
DC-DC Converter (2) 
On the other hand, when desiring to lower the load voltage 

from the Solar cell Voltage, the circuit configuration as shown 
in FIG. 16 which uses a buck type DC-DC converter as a 
power converter circuit 24A is suitable. 

In the buck type DC-DC converter illustrated in FIG. 16, a 
capacitor CF is connected in parallel with respect to the first 
terminal TO1 and second terminal TO2 of the PV 11. 

The point of difference of the operation of a photovoltaic 
power generation system 100B in the case of using a buck 
type DC-DC converter as the power converting means from 
the case of using a boost type DC-DC converter is that the 
on/off state of the PWM signal generated in the control device 
25 becomes reverse. 
DC-DC Converter (3) 
When desiring to lower or raise the voltage of the load 16 

from the output voltage of the solar cell panel (PV) 11, as the 
DC-DC converter, the circuit configuration of the power con 
verter circuit 24B using the boost-buck type DC-DC con 
verter shown in FIG. 17 is suitable. 

In the boost-buck type DC-DC converter illustrated in FIG. 
17, the capacitor CF is connected in parallel with respect to 
the first terminal TO1 and second terminal TO2 of the solar 
cell panel (PV) 11. Further, the drain of the MOSFET 141 is 
connected to the first terminal TO1 of the PV 11, and the 
source is connected to the cathode of a diode D141 and one 
end of an inductor L141. The other end of the inductor L141 
is connected to the second terminal TO2 of the PV 11, the 
capacitor C141, and the first electrode of CF, and the anode of 
the diode D141 is connected to the second electrode of the 
capacitor C141. 

Switching (SW) Element 
The MOSFET 242 was exemplified as an SW element in 

the DC-DC converter. However, the invention is not limited to 
a MOSFET 242. Various types of power SW elements can be 
used so far as the SW element has resistance against the 
voltage applied between the terminals of the solar cell panel 
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18 
(PV) 11, has a sufficient current capacity for the current 
flowing between the terminals of the PV 11, and can track a 
PWM control operation. 

Fifth Embodiment 

Referring to FIG. 18 and FIG. 19, a fifth embodiment of the 
photovoltaic power generation system of the present inven 
tion will be explained. 
A photovoltaic power generation system 100D illustrated 

in FIG. 18 uses an inverter 32 in place of the DC-DC converter 
24 illustrated in FIG. 1 and FIG. 15 as the power converting 
means. The inverter 32 converts an input DC power to an AC 
power and supplies the result to the load 16. 

Preferably, the photovoltaic power generation system 
100D is provided with a filter circuit 33. 

FIG. 19 shows the circuit configuration of a single phase 
inverter as an example of the inverter 32. 
The illustrated single phase inverter has a first circuit 

formed by two serially connected power transistors 321 and 
322 and a second circuit formed by serially connected two 
power transistors 323 and 324. 

Reactive power bypass use diodes are connected in parallel 
to these power transistors 321, 322,323, and 324. 

For example, when the power transistors 321 and 324 
simultaneously become ON, a “positive' voltage is output to 
the AC output terminal. On the other hand, when the power 
transistors 323 and 322 simultaneously become ON, a “nega 
tive' voltage is output to the AC output terminal. In this way, 
basically a rectangular AC Voltage is output from the inverter 
32 illustrated in FIG. 19. 

Therefore, preferably, in the latter stage of the inverter 32, 
a smoothing filter 33 configured by an inductor 331 and 
capacitor 332 is provided to smooth the rectangular AC volt 
age and Supply the AC Voltage to the load 16. The Smoothing 
filter 33 may be assembled in the inverter 32 as well. 

If simultaneously setting the power transistors 321, 322, 
323, and 324 to the first logic state, for example, the “ON 
state', the open-circuit state is exhibited if simultaneously 
setting the power transistors 321,322,323, and 324 set to the 
second logic state, for example, the “OFF state'. 
The operation of the photovoltaic power generation system 

100D illustrated in FIG. 18 will be explained. 
A control device 25D basically operates in the same way as 

the control device 25 explained with reference to FIG. 1. 
Below, the operation will be simply explained. 

In the maximum power detection mode, the power transis 
tors 321,322,323, and 324 in the inverter 32 are set to the first 
logic State, for example, the “open state, to set the output 
terminalsTO1 and TO2 of the PV 11 to the open-circuit state 
and thereby detect the open-circuit voltage (FIG. 4, step 12). 
After that, the power transistors 321,322,323, and 324 in the 
inverter 32 are set to the second logic state, for example, the 
“closed state, to short-circuit the output terminals TO1 and 
TO2 of the PV 11 to detect the power P, and the holding 
circuit 253a is made hold the output voltage V of the PV 11 
at that time as the optimal output voltage Vop (FIG. 4, step 
13). 

In the tracking operation mode (FIG.4, step 21), the power 
transistors 321,322,323, and 324 are PWM controlled so as 
to track the optimal voltage Vop which is output from the 
holding circuit 253a. 

Note that, while the PWM signal generator 259 which is 
illustrated in FIG. 1 generates the signal for PWM control of 
one MOSFET 242, a PWM signal generator 259d in the 
control device 25D which is illustrated in FIG. 18 generates 
Such four types of control signals that Suitably set four power 
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transistors 321, 322, 323, and 324 to the first logic state 
explained above, for example, the “open state, or to the 
second logic state, for example, the "closed State, and con 
verts the DC power to the AC power under the PWM control. 

Sixth Embodiment 

Referring to FIG. 20, a sixth embodiment of the photovol 
taic power generation system of the present invention will be 
explained. 
A photovoltaic power generation system 100E of the sixth 

embodiment is a grid interconnection type photovoltaic 
power generation system. A system power Supply 35 is con 
nected to the load 16. 
A power converting means of the sixth embodiment is 

configured by a DC-DC converter 30 and inverter 32. A filter 
circuit 33 may be added to the latter stage of the inverter 32, 
or a filter circuit corresponding to the filter circuit 33 may be 
assembled in the inverter 32. 

In the sixth embodiment, a voltmeter 31 which measures 
the output voltage of the DC-DC converter 30 is provided. 

The control device of the sixth embodiment is configured 
by a first control unit 25E which controls the inverter 32 and 
by a second control unit 29 which controls the DC-DC con 
verter 30. 

In the sixth embodiment, the DC-DC converter 30 does not 
perform the operations in the maximum power detection 
mode and tracking operation mode as in the embodiments 
explained above, but the inverter 32 operates in the maximum 
power detection mode and tracking operation mode. 
As the DC-DC converter 30, use can be made of the boost 

type DC-DC converter 24 illustrated in FIG.1. 
The inverter 32 can use for example a single phase inverter 

32 illustrated in FIG. 19. 
The second control unit 29 is configured by an adder circuit 

291, proportional/integration (PI) processing circuit 292, and 
PWM signal generation circuit 293. These circuits can be 
configured by a computer as well. 
The adder circuit 291 receives as input the reference volt 

age signal VREF for defining the voltage on the input side of 
the inverter 32, for example 180V, and calculates the voltage 
as the difference from the voltage which was obtained by 
measuring the output voltage of the DC-DC converter 30 by 
the voltmeter 31. 

The PI processing circuit 292 performs proportional pro 
cessing and integration processing on the differential Voltage 
which was calculated in the adder circuit 291. The PI pro 
cessing circuit 292 can be given the same circuit configura 
tion as that of the control processor 255 illustrated in FIG. 1. 

The PWM signal generation circuit 293 generates a signal 
for PWM control of the switching element in the DC-DC 
converter 30, for example, the switching element correspond 
ing to the MOSFET 242 in the DC-DC converter 24 illus 
trated in FIG. 1, based on the PI processing results and Sup 
plies the same to the gate of the Switching element. 
The PWM signal generation circuit 293 can be given for 

example the same circuit configuration as that of the carrier 
wave generator 256 and PWM signal generator 259 illus 
trated in FIG. 1. 

The second control unit 29 controls the DC-DC converter 
30 so as to output the reference voltage signal VREF which 
defines the reference voltage of the input of the inverter 32. 
The DC-DC converter 30 operates so as to output the refer 
ence voltage signal VREF. 

In this way, in the sixth embodiment, the DC-DC converter 
30 does not perform operations as in the embodiments 
explained above in the maximum power detection mode and 
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tracking operation mode, but the inverter 32 operates in the 
maximum power detection mode and tracking operation 
mode. 
The first control unit 25E for example controls the opera 

tions of the power transistors 321, 322, 323, and 324 in the 
inverter 32 having the circuit configuration illustrated in FIG. 
19 in accordance with the maximum power detection mode 
and tracking operation mode. 

In the maximum power detection mode, the unit makes the 
power transistors 321, 322, 323, and 324 in the inverter 32 
operate in the first logic state to detect the open-circuit Voltage 
(FIG. 4, Step 12), changes from the open-circuit state to the 
short-circuited state to detect the maximum power Pmax 
(FIG.4, step 13), and makes the holding circuit 253a hold the 
Voltage V at that time as the optimal Voltage Vop. 

Next, in the tracking operation mode (FIG.4, step 21), the 
PWM signal generator 259d outputs PWM control signals to 
gates of the power transistors 321, 322, 323, and 324 in the 
inverter 32 in accordance with the optimal voltage Vop. 

According to the sixth embodiment, the DC-DC converter 
30 which outputs the reference voltage VREF is made to 
function as the reference Voltage generating means and the 
inverter 32 carries out the operations in the maximum power 
detection mode and tracking operation mode in accordance 
with the load 16 and the situation of the system, therefore it is 
possible to realize control not depending upon the fluctuation 
of output of the solar cell panel (PV) 11. 

Seventh Embodiment 

A seventh embodiment will be explained. 
In the embodiments explained above, the control device 25 

performed the operations explained above. That is, in the 
maximum power detection mode, it measured the open-cir 
cuit voltage, generated the reference voltage signal V0 
which changes from the open-circuit Voltage with a predeter 
mined inclination in the VREF generator 260, and monitors 
the power P of the solar cell panel (PV) 11 in the short 
circuited state to detect the maximum power Pmax. Then, it 
uses the output Voltage V corresponding to that as the 
optimal output Voltage Vop and controls the power converting 
means by PWM control so as to track the optimal output 
Voltage Vop in the tracking operation mode. 

In the seventh embodiment, in place of the above process 
ing, in the maximum power detection mode, a short-circuit 
current is of the PV 11 is detected, and the IREF generator 
266 generates a reference signal I/O defined in the following 
equation. 

where, t, is the time oftl to t3 in FIG. 2. 
Here, the time period to to t1 is the “closed operation as 

the first logic state, and 
the time period t1 to t3 is the “open operation as the 

second logic State. 
FIG. 21 are diagrams showing measurement results 

according to the seventh embodiment. FIG. 21A shows the 
change of the short-circuit current is etc. of the Solar cell 
panel (PV)11 when the detection period (time)t is 5 ms, and 
FIG.21B shows the change of the short-circuit current i etc. 
of the PV 11 when the detection period t, is 10 ms. 

According to the seventh embodiment, a large number of 
measurement values of power P can be secured in the 
detection time t, for detecting the maximum power Pmax 
point without being influenced by the irradiance upon the PV 
11, temperature, and another factors, therefore there is the 
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advantage that the precision of detection of the maximum 
power Pmax point becomes higher. 

Eighth Embodiment 

Referring to FIG. 22, an eighth embodiment will be 
explained. 
A photovoltaic power generation system 100F illustrated 

in FIG. 22 is a grid interconnection type photovoltaic power 
generation system the same as that illustrated in FIG. 20. A 
system power supply 35 is connected to the load 16. 

In the eighth embodiment, in the same way as the sixth 
embodiment, based on the judgment of the general controller 
264, the DC-DC converter 30 controls the output voltage 
constant and the inverter 32 adjusts the load. Note, the method 
for that is different from that in the sixth embodiment. 

FIG.22 shows a simplified configuration. However, circuit 
elements having the same notations are the same as the circuit 
elements illustrated in FIG. 20. Below, the important points of 
difference will be explained. 

(1) The control device in the eighth embodiment is also 
configured by a control unit 25F which control the inverter 32 
and a second control unit 29F which controls the DC-DC 
converter 30. In FIG. 22, the reference voltage generator 261 
and reference current generator 266, adders 261 and 266, and 
further SWS 265 and 267 which are illustrated in FIG. 20 are 
simply illustrated all together. In FIG. 22, a holding circuit 
259 which holds the output of the PI processing circuit 255 is 
provided so as to enable the selection of the PI processing 
results of this cycle or the PI processing results of the previous 
cycle which are held in the holding circuit 259 by the switch 
ing part 263. 

(2) The second control unit 29F has a switching (SW) 
circuit 294 other than the adder circuit 291, PI processing 
circuit 292, and PWM signal generation circuit 293. The SW 
circuit 294 outputs the output of the PI processing circuit 262 
or output of the PI processing circuit 292 to the PWM signal 
generator 293 in response to a control instruction by the 
general controller 264. 

In the eighth embodiment, in the maximum power detec 
tion mode, the general controller 264 selects the first contacts 
“a” of the SW 263 and SW 294. As a result, based on the 
output signal of the PI processor 262, the PWM signal gen 
erator 293 controls the DC-DC converter 30, the output of the 
holding circuit 259 which holds the previous value of the PI 
processor 255 is selected, and the PWM signal generator 259 
controls the inverter 32 in accordance with the selected signal 
to thereby detect the maximum power. 

In the tracking control mode, the general controller 264 
Selects the second contacts “b’ of the SW 263 and SW 294. As 
a result, based on the output signal of the PI processor 292 
which perform proportional/integration processing on the 
difference between the value by the voltmeter 31 and the 
reference voltage Vref, the PWM signal generator 293 con 
trols the DC-DC converter 30 So that the DC-DC converter 30 
outputs the reference voltage Vref. 
When comparing the eighth embodiment using the DC-DC 

converter 30 and inverter 32 and the fourth embodiment pro 
vided with the DC-DC converter 24 and battery 28 explained 
with reference to FIG. 15, there is the advantage that no 
fluctuation of load is caused. 

Further, when comparing the invention disclosed in PLT2 
and the embodiments of the present invention explained 
above, in the embodiments of the present invention, the detec 
tion time of the maximum power can be made any time 
without regard as to the capacity of the inductor. For this 
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reason, there is the advantage that the detection of the maxi 
mum power becomes more accurate if the detection time is 
made longer. 

Contrary to this, the invention disclosed in PLT2 is predi 
cated on short-circuiting of the inductor, so there is the restric 
tion that the smaller the capacitor of the inductor, the shorter 
the maximum power detection time. 
The present invention was explained above by illustrating 

a plurality of embodiments, but the present invention is not 
limited to the concrete embodiments explained above when 
being worked. Various modifications can be employed. 

REFERENCE SIGNS LIST 

100, 100A to 100E . . . photovoltaic power generation 
systems, 

11... Solar cell panel, 16... load, 24. . . power converter 
circuit (DC-DC converter), 25 . . . control device, 28 . . . 
battery, 20... second control unit, 30... DC-DC converter, 
32 . . . inverter, 251 ... ADC, 252. . . multiplier, 253 . . . 
maximum power detector, 253a. . . . optimal Voltage holding 
circuit, 254 . . . first adder, 255 . . . first control processor, 
256 . . . carrier wave generator, 258 ... comparator, 260 . . . 
reference Voltage generator, 26 . . . second adder, 262 . . . 
second control processor, 263, 265 . . . switch (SW), and 
264. . . general controller. 
FIG. 1 
24. DC-DC CONVERTER 
264. GENERAL CONTROL 
MODE SWITCHING 
256. CARRIER WAVE 
FIG.2 
PWM SIGNAL 
TRACKING OPERATION PERIOD 
Pmax DETECTION PERIOD (IVSCAN) 
TRACKING OPERATION PERIOD 
FIG.3 
Basic Operation of Controlling Light Power Generation Unit 
of Present Invention 
OPERATION IN MAXIMUM POWER GENERATION 
MODE OF STEP 1 AND OPERATION IN TRACKING 
OPERATION MODE OF STEP 2 ARE ALTERNATELY 
AND CONTINUOUSLY REPEATED BY PREDETER 
MINED PERIOD STEP 1 

Operation of Maximum Power Generation Mode 
DETECT MAXIMUM POWER OF PHOTOVOLTAIC 
POWER GENERATION UNIT AT THAT TIME AND 
FIND OPTIMAL OPERATION VOLTAGE CORRE 
SPONDING TO DETECTED MAXIMUM POWER 
STEP 2 

Operation of Tracking Operation Mode 
OPERATE POWER CONVERTING MEANS USING 
OPTIMALOPERATION VOLTAGE FOUND IN MAXI 
MUMPOWER GENERATION MODEAS REFERENCE 
VOLTAGE. 

FIG. 4 
S11 MAXIMUM POWER GENERATION MODE 
TIME to: START PROCESSING OF MAXIMUM POWER 
GENERATION MODE, DRIVE OF REFERENCE 
VOLTAGE GENERATOR AND REFERENCE CUR 
RENT GENERATOR 

S12. MAXIMUM POWER GENERATION MODE 
PERIOD t-t1: DETECTION OF OPEN-CIRCUIT VOLT 
AGE, 

OPEN OUTPUTTERMINALS OF SOLAR CELL PANEL 
AND DETECT THAT OPEN-CIRCUIT VOLTAGE 
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S13. MAXIMUM POWER GENERATION MODE 
PERIOD t-t3: DETECT MAXIMUM POWER 
PERFORM PWM CONTROL IN ACCORDANCE WITH 
DIFFERENTIAL VOLTAGE BETWEEN REFERENCE 
VOLTAGE AND OUTPUT VOLTAGE AND DETECT 
MAXIMUM POWER 

S14. TIME t3, END OF MAXIMUM POWER GENERA 
TION MODE (SWITCHING OF OPERATION MODE) 

FROM MAXIMUM POWER GENERATION MODE TO 
TRACKING MODE 

S21. AFTER POINT t3, OPERATION OF TRACKING 
MODE 

PWM CONTROL SOAS TO OBTAIN DETECTED MAXI 
MUM POWER 

S22. JUDGMENT OF END OF TRACKING MODE DOES 
PREDETERMINED TIME PASSED2 

CHANGE OF OUTPUT OF SOLAR CELL PANEL, IS 
LARGE 

FIG.5 
DETECTION PERIOD 

FIG. 6 
I-V AT TIME WHEN NO SHADOW ISADDED 
TIME WHEN SHADOW ISADDED 
OPERATION POINTA 
P-V AT TIME WHEN NO SHADOW ISADDED 
OPERATION POINT B 
P-V AT TIME WHEN SHADOW ISADDED 
VOLTAGE 
PANEL TEMPERATURE 33° C.I, IRRADIANCE 
FIG. 7 
PANEL TEMPERATURE 
IRRADIANCE 
PARTIAL SHADOW 
IRRADIANCE 
TIME 
HILL-CILIMBING METHOD 
Example of Unstable Tracking Operation Near Operation 
Point B 
PANEL TEMPERATURE 
IRRADIANCE 
PARTIAL SHADOW 
IRRADIANCE 
TIME 
INSTANTANEOUS SCANNING METHOD 
EXAMPLE OF STABLE TRACKING OPERATION AT 
OPERATION POINTA 

FIG. 8 
IRRADIANCE 
TIME 
SOLAR CELL OUTPUT POWER 
FIG.9) 
IRRADIANCE 
TIME 
SOLAR CELL OUTPUT 
FIG. 11 
NO SHADOW 
RELIABLY MOVE TOP 
SHADOW 
FIG. 12 
NO SHADOW 
TO MPPT 
SHADOW 
FIG. 13 
IRRADIANCE OF PANEL SURFACE 
TIME 
SOLAR CELLUSEFULUTILIZATION FACTORUUF 
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FIG. 14 
IRRADIANCE 
SOLARCELL OUTPUT PWI, SOLARCELLUSEFUL 
UTILIZATION FACTORUUF 

FIG. 15 
24. DC-DC CONVERTER 
264. GENERAL CONTROL 
MODE SWITCHING 
256. CARRIER WAVE GEN 
FIG. 16 
11. SOLAR CELL 
PWM SIGNAL 
FIG. 17 
11. SOLAR CELL 
PWM SIGNAL 
16. LOAD 
FIG. 18 
32. INVERTER 
264. GENERAL CONTROL 
MODE SWITCHING 
256. CARRIER WAVE GEN 
FIG. 20 
30. DC-DC CONVERTER 
32. INVERTER 
264. GENERAL CONTROL 
MODE SWITCHING 
256. CARRIER WAVE GEN 
FIG. 21) EXAMPLE OF OPERATION WAVEFORM 
CURRENTA, VOLTAGE IV) 
DETECTION PERIOD 
POWER 
TIME 
VOLTAGE 
CURRENT 
POWER 
CURRENTA, VOLTAGE IV) 
DETECTION PERIOD 
POWER 
TIME 
VOLTAGE 
CURRENT 
POWER 
FIG.22 
POWER CONVERTER CIRCUIT 
30. DC-DC CONVERTER 
32. INVERTER 
35. SYSTEM POWER SUPPLY 
264. GENERAL CONTROL 
MODE SWITCHING 
The invention claimed is: 
1. A light power generation system comprising: 
a light power generation unit for generating power in 

response to incident light; 
a Voltage detecting means for detecting an output Voltage 

of the light power generation unit; 
a current detecting means for detecting an output current of 

the light power generation unit, or a power detecting 
means for detecting an output power of the light power 
generation unit; 

a power converting means including a Switching element 
for making an open State and close state between the 
output terminals of the light power generation unit, con 
verting the voltage between the output terminals of the 
light power generation unit, and outputting a power cor 
responding to said Voltage; and 

a controlling means for performing a control operation of a 
maximum power detection mode for detecting the maxi 
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mum power of the light power generation unit at that 
time and a control operation of a tracking operation 
mode for carrying out a tracking control so that the 
maximum power detected in the maximum power 
detecting mode can be output from the light power gen 
eration unit, 

wherein the controlling means, in the maximum power 
detection mode, 

makes the Switching element in the power converting 
means operate ON state and OFF state to result in a first 
voltage state between the output terminals of the light 
power generation unit, 

makes the switching element operate ON state and OFF 
state to change the state of the Voltage between the 
output terminals of the light power generation, from the 
first Voltage state to a second Voltage State different to the 
first Voltage state, and during a transition state moving 
from the first Voltage State to the second Voltage state, 
detects a time at which the power of the product of the 
Voltage which was detected by the Voltage detecting 
means and the current which was detected by the current 
detecting means or the power which was detected by the 
power detecting means becomes the maximum, and 
defines a voltage which was detected by the voltage 
detecting means at the time when detecting the maxi 
mum power as the optimal output Voltage, and 

wherein, the controlling means, in the tracking operation 
mode, 

makes the switching element operate ON state and OFF 
state so that a difference between a reference voltage 
which is the optimal output Voltage and the Voltage 
which was detected by the Voltage detecting means 
becomes “O'” or almost “O'”. 

2. The light power generation system as set forth in claim 1, 
wherein the power converting means includes a DC-DC con 
verter which includes the switching element which is pro 
vided so as to open/close the output terminals of the light 
power generation unit. 

3. The light power generation system as set forth in claim 1, 
wherein the power converting means includes an inverter 
which includes the switching element which was provided so 
as to open/close the output terminals of the light power gen 
eration unit. 

4. The light power generation system as set forth in claim 1, 
wherein: 

the power converting means includes 
a DC-DC converter provided between the output terminals 

of the light power generation unit constant, and 
an inverter which includes the switching element which is 

provided in an output side of the DC-DC converter, and 
the controlling means has 
a first controlling means for controlling the DC-DC con 

verter, so that the voltage between the output terminals 
of the light power generation unit is maintained con 
stant, and 

a second controlling means for controlling the inverter in 
response to a state of a load. 

5. The light power generation system as set forth in claim 1, 
which the controlling means corrects an operation point of a 
hill-climbing method by using the optimal output Voltage 
detected in the maximum power detection mode. 

6. The light power generation system as set forth in claim 1, 
wherein the light power generation unit comprises a Solar cell 
generation unit for generating power in response to an inci 
dent light. 
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7. The light power generation system as set forth in claim 1, 

wherein 
the first Voltage state is an open state of the output terminals 

of the light power generation unit, and the second Volt 
age State is a short state of the output terminal, or 

the first Voltage state is a short state of the output terminal, 
and the second Voltage state is an open state of the output 
terminal, or 

the first voltage state is a first state of a first voltage of the 
output terminal, and the second Voltage state is a second 
state of a second voltage different to the first voltage of 
the output terminal. 

8. A control device which is applied to a light power gen 
eration control system which comprises a light power gen 
eration unit which generates power in response to incident 
light, a Voltage detecting means for detecting an output Volt 
age of the light power generation unit, a current detecting 
means for detecting an output current of the light power 
generation unit or a power detecting means for detecting an 
output power of the light power generation unit, and a power 
converting means which includes a Switching element for 
making an open state and close state between the output 
terminals of the light power generation unit, converts the 
Voltage between the output terminals of the light power gen 
eration unit, and outputs a power corresponding to said Volt 
age, wherein 

the control device is a control device which performs a 
control operation in a maximum power detection mode 
for detecting the maximum power of the light power 
generation unit at that time and a control operation in a 
tracking operation mode for carrying out a tracking con 
trol so that the maximum power detected in the maxi 
mum power detecting mode can be output from the light 
power generation unit, and 

the control device, 
in the maximum power detection mode, 
makes the Switching element in the power converting 
means operate ON and OFF state to result in to the first 
voltage state between the output terminals of the light 
power generation unit and 

makes the switching element operate ON state and OFF 
state to change the state of the Voltage between the 
output terminals of the light power generation, from the 
first Voltage state to a second Voltage State different to the 
first Voltage state, and during a transition state moving 
from the first Voltage State to the second Voltage state, 
detects a time at which the power of the product of the 
Voltage which was detected by the Voltage detecting 
means and the current which was detected by the current 
detecting means or the power which was detected by the 
power detecting means becomes the maximum, and 
defines a voltage which was detected by the voltage 
detecting means at the time when detecting the maxi 
mum power as the optimal output Voltage, and 

in the tracking operation mode, 
defines the optimal output Voltage as a reference Voltage 

and makes the switching element operate ON and OFF 
state so that the difference between the reference voltage 
and the Voltage detected by the Voltage detecting means 
becomes “O'” or almost “O'”. 

9. The control device as set forth in claim 8, wherein: 
the control device comprises 
a maximum power detecting means for operating in the 
maximum power detection mode, monitoring the power 
of the product of the voltage which was detected by the 
Voltage detecting means and the current which was 
detected by the current detecting means or the power 
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which was detected by the power detecting means, 
detecting the maximum power, and detecting the opti 
mal Voltage corresponding to the detected maximum 
power, 

a holding means for holding the detected optimal Voltage, 
a reference signal generating means, when operating in the 
maximum power detection mode, generating a first ref 
erence signal for making the Switching element in the 
power converting means operate ON state and OFF state 
during a transition time from the first Voltage state to the 
second voltage state between the output terminals of the 
light power generation unit, and a second reference sig 
nal for making the switching element ON state and OFF 
state so that the output terminal of the light power gen 
eration unit which falls by a predetermined rate to the 
second Voltage state from the first Voltage state during 
the transition time, 

a first controlled operating means for generating a control 
signal in accordance with a difference between the first 
and second reference signals which are output from the 
reference signal generating means and the Voltage which 
was detected by the Voltage detecting means in the maxi 
mum power detection mode, 

a second controlled operating means for generating a con 
trol signal in accordance with a difference between the 
optimal Voltage which is held in the holding means and 
the Voltage which was detected by the Voltage detecting 
means in the tracking operation mode, 

a signal selecting means for selecting and outputting the 
output signal of the first controlled operating means in 
the maximum power detection mode and selecting and 
outputting the output signal of the second controlled 
operating means in the tracking operation mode, 

a control signal generating means for generating a control 
signal for controlling the drive of the Switching element 
of the power converting means in accordance with the 
output signal of the signal selecting means, and 

a mode controlling means for Switching between the maxi 
mum power detection mode and the tracking operation 
mode. 

10. The control device as set forth in claim 9, wherein: 
the power converting means includes a DC-DC converter 

which includes the switching element which is provided 
So as to open/close the output terminals of the light 
power generation unit, and 

the control device controls drive of the switching element 
in the DC-DC converter so that the voltage between the 
output terminal of the light generation unit is maintained 
COnStant. 

11. The control device as set forth in claim 10, wherein: 
the power converting means includes a DC-DC converter 

which is controlled so as to maintain the Voltage between 
the output terminals of the light power generation unit 
constant, and 

an inverter which includes the switching element which is 
provided in the output side of the DC-DC converter and 
is controlled in accordance with a load, and 

the controlling means performs 
first control processing of controlling the DC-DC con 

Verter, and 
second control processing of controlling the inverter. 
12. The control device as set forth in claim 8, wherein the 

control signal generating means generates a control signal for 
controlling by PWM the switching element of the power 
converting means in accordance with the output signal of the 
signal selecting means. 
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13. The control device as set forth in claim 8, which cor 

rects an operation point of a hill-climbing method by using 
the optimal output Voltage detected in the maximum power 
detection mode. 

14. The control device as set forth in claim 8, wherein the 
light power generation unit comprises a Solar cell generation 
unit for generating power in response to an incident light. 

15. The control device as set forth in claim 8, wherein 
the first Voltage state is an open state of the output terminals 

of the light power generation unit, and the second Volt 
age State is a short state of the output terminal, or 

the first Voltage state is a short state of the output terminal, 
and the second Voltage state is an open state of the output 
terminal, or 

the first voltage state is a first state of a first voltage of the 
output terminal, and the second Voltage state is a second 
state of a second voltage different to the first voltage of 
the output terminal. 

16. A control method which is applied to a light power 
generation system which has a light power generation unit 
which generates power in response to incident light, a Voltage 
detecting means for detecting a terminal Voltage of the light 
power generation unit, a current detecting means for detect 
ing an output current of the light power generation unit or a 
power detecting means for detecting an output power of the 
light power generation unit, and a power converting means 
including a Switching element for making an open state and 
close state between the output terminals of the light power 
generation unit and converting the Voltage between the output 
terminals of the light power generation unit and outputting a 
power of the corresponding to said Voltage, wherein 

the control method performs a control operation in a maxi 
mum power detection mode for detecting the maximum 
power of the light power generation unit at that time and 
a control operation in a tracking operation mode for 
carrying out a tracking control so that the maximum 
power detected in the maximum power detecting mode 
can be output from the light power generation unit, con 
trolling the Switching element in the two modes, and 
comprises steps of 

in the maximum power detection mode, 
making the Switching element in the power converting 
means operate ON state and OFF state to result in a first 
voltage state between the output terminals of the light 
power generation unit, 

making the switching element operate ON state and OFF 
state to change the state of the Voltage between the 
output terminals of the voltage between the output ter 
minals of the light power generation, from the first Volt 
age state to a second Voltage state different to the first 
Voltage state, and during a transition state moving from 
the first Voltage state to the second Voltage state, detect 
ing a time at which the power of the product of the 
Voltage which was detected by the Voltage detecting 
means and the current which was detected by the current 
detecting means or the power which was detected by the 
power detecting means becomes the maximum, and 
defining a Voltage which was detected by the Voltage 
detecting means at the time when detecting the maxi 
mum power as the optimal output Voltage, and 

in the tracking operation mode, 
using the optimal output Voltage as a reference Voltage and 

making the switching element operate ON state and OFF 
state so that a difference between the reference voltage 
which is the optimal output Voltage and the Voltage 
which was detected by the Voltage detecting means 
becomes “O'” or almost “O'”. 
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17. The control method as set forth in claim 16, which 
corrects an operation point of a hill-climbing method by using 
the optimal output Voltage which was detected in the maxi 
mum power detection mode. 

18. The control method as set forthin claim 16, wherein the 5 
light power generation unit comprises a Solar cell generation 
unit for generating power in response to an incident light. 

19. The control method as set forth in claim 16, wherein 
the first Voltage state is an open state of the output terminals 

of the light power generation unit, and the second Volt- 10 
age State is a short state of the output terminal, or 

the first Voltage State is a short state of the output terminal, 
and the second Voltage state is an open state of the output 
terminal, or 

the first voltage state is a first state of a first voltage of the 15 
output terminal, and the second Voltage State is a second 
state of a second voltage different to the first voltage of 
the output terminal. 

k k k k k 

30 


