
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

23 June 2011 (23.06.2011) WO 2011/073069 Al
PCT

(51) International Patent Classification: [NL/NL]; Capronilaan 46, NL-1 119 NS Schiphol Rijk
G05F 1/67 (2006.01) (NL). MITSUBISHI ELECTRIC CORPORATION

[JP/JP]; 7-3, Marunouchi 2-chome, Chiyoda-ku, Tokyo,
(21) International Application Number: 100-83 10 (JP).

PCT/EP20 10/0692 10
(72) Inventor; and

(22) International Filing Date: (75) Inventor/Applicant (for US only): BUIATTI, Gustavo
8 December 2010 (08.12.2010) [FR/FR]; Mitsubishi Electric R&D Centre Europe, 1 allee

(25) Filing Language: English de Beaulieu, CS 10806, F-Rennes Cedex 7 35708 (FR).

(26) Publication Language: English (74) Agent: MAILLET, Alain; 5 place Newquay, B.P. 70250,
F-35802 Dinard Cedex (FR).

(30) Priority Data:
09179087.3 14 December 2009 (14.12.2009) EP (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
(71) Applicants (for all designated States except US): MIT¬ AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

SUBISHI ELECTRIC R&D CENTRE EUROPE B.V. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

[Continued on next page]

(54) Title: METHOD FOR OBTAINING INFORMATION ENABLING THE DETERMINATION OF A CHARACTERISTIC
OF A POWER SOURCE

(57) Abstract: The present invention concerns an apparatus for obtaining information
enabling a characteristic like the determination of the maximum power point of a pow
er source, the apparatus comprising at least an inductor and a capacitor, the information
enabling the determination of the characteristic of the power source being obtained by
monitoring the voltage charge of the capacitor, characterised in that the apparatus for
obtaining information enabling the determination of the characteristic of the power
source comprises means for discharging the capacitor through the inductor prior to the
monitoring of the charge of the capacitor.

Fig. 6
o
o



w o 2011/073069 Ai II II II I III Illlll I II llll ll l l I I III II I II

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, LT, LT, LU,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, GW, ML, MR, NE, SN, TD, TG).
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Published:
(84) Designated States (unless otherwise indicated, for every

— with international search report (Art. 21(3))
Mnd of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,



Method for obtaining information enabling the determination of a characteristic

of a power source

The present invention relates generally to an apparatus and a method for

obtaining information enabling the determination of a characteristic like the maximum

power point of a power source like a photovoltaic cell or an array of cells or a fuel

cell.

A photovoltaic cell directly converts solar energy into electrical energy. The

electrical energy produced by the photovoltaic cell can be extracted over time and

used in the form of electric power. The direct electric power provided by the

photovoltaic cell is provided to conversion devices like DC-DC up/down converter

circuits and/or DC/AC inverter circuits.

However, the current-voltage droop characteristics of photovoltaic cells cause

the output power to change nonlinearly with the current drawn from photovoltaic

cells. The power-voltage curve changes according to climatic variations like light

radiation levels and operation temperatures.



The near optimal point at which to operate photovoltaic cells or arrays of cells is

at or near the region of the current-voltage curve where power is greatest. This point is

denominated as the Maximum Power Point (MPP).

It is important to operate the photovoltaic cells around the MPP to optimize their

power generation efficiency.

As the power-voltage curve changes according to climatic variations, the MPP

also changes according to climatic variations.

It is then necessary to be able to identify the MPP at any time.

The present invention aims at providing an apparatus which enables to obtain

information representative of the output current and voltage variations of the power

source, for example an array of photovoltaic cells, in order to determine its maximum

power point.

To that end, the present invention concerns an apparatus for obtaining

information enabling the determination of a characteristic like the maximum power

point of a power source, the apparatus comprising at least an inductor and a capacitor,

the information enabling the determination of the characteristic of the power source

being obtained by monitoring the voltage charge of the capacitor, characterised in that

the apparatus for obtaining information enabling the determination of the

characteristic of the power source comprises means for discharging the capacitor

through the inductor prior to the monitoring of the capacitor charge.

The present invention concerns also a method for obtaining information

enabling the determination of a characteristic like the maximum power point of a

power source connected to a direct current converter, the direct current converter

comprising at least an inductor and a capacitor, characterised in that the method

comprises the steps of :

- discharging the capacitor through the inductor,

- monitoring the voltage charge of the capacitor in order to obtain information

enabling the determination of the characteristic of the power source.

Thus, it is possible to obtain information representative of the output current and

voltage variations of the power source, for example, in order to determine the MPP or

to determine a fault of the power source or to determine a fill factor of the power

source.

Furthermore, in most of DC/DC and/or DC/AC converters, the capacitor and the

inductor are already available for conversion purpose. The capacitor and the inductor



can be also used for monitoring the voltage and current variations during at least one

particular period of time. The monitored voltage and current variations enable the

obtaining of information like the wanted voltage-current/voltage-power droop

characteristics of the power source at any time. The present invention avoids to add

any other extra inductor or capacitor to the system.

According to a particular feature, the apparatus comprises means for monitoring

the current flowing through the inductor during the discharge of the capacitor and the

capacitor is discharged in the inductor as long as the current flowing through the

inductor reaches a first predetermined current value or as long as the capacitor is not

discharged.

Thus, it is possible to limit the current levels on both the inductor and capacitor,

avoiding large current peaks due to the resonance between the inductor and the

capacitor, which may cause the saturation of the inductor magnetic core and also

decrease the lifetime of the capacitor.

According to a particular feature, the apparatus comprises means for discharging

the inductor into at least another device once the current flowing through the inductor

value reaches the first predetermined value or once the capacitor is discharged.

According to a particular feature, the other device is an energy storage device or

a load.

Thus, the energy stored in the inductor is not dissipated in any resistive

component but it is exchanged with other storage devices such as a capacitor or even

directly supplied to the load, resulting in a non-dissipative procedure. There is no

power interruption from the power source side, since during the inductor discharge the

power source continues to store power into the input capacitor.

According to a particular feature, the apparatus comprises means for obtaining

the current outputted by the power source during the monitoring of the charge of the

capacitor.

Thus, it is possible to obtain the whole voltage-current/voltage-power droop

characteristics of the power source from null voltage value up to the open-circuit

voltage value.

According to a particular feature, the current outputted by the power source is

obtained from a current sensor or derived from the voltage values obtained during the

monitoring of the charge of the capacitor.



Thus, the implementation cost may not be increased if the current sensor is not

available. Finally, no additional component is needed at all to implement this

technique.

According to a particular feature, the discharge of the capacitor through the

inductor and the discharge of the inductor are executed iteratively as far as the voltage

of the capacitor reaches a second predetermined value.

Thus, the capacitor discharge can happen in a non dissipative way, meaning that

the energy which was stored in the capacitor is completely given to the load, reducing

the drawbacks of stopping the power source supply during this small period of time

when this energy is dissipated in a resistor, for example.

The present invention concerns also a direct current converter characterised in

that it comprises the apparatus for obtaining information enabling the determination of

the maximum power point of a power source.

Thus, it is possible to obtain information representative of the output current and

voltage variations of the power source, for example an array of photovoltaic cells, in

order to determine the MPP.

Furthermore, in most of DC/DC and/or DC/AC converters, the capacitor and the

inductor are already available for conversion purpose. The capacitor and the inductor

can also be used for monitoring the voltage and current variations during at least one

particular period of time. The monitored voltage and current variations enable the

obtaining of information like the wanted voltage-current/voltage-power droop

characteristics of the power source at any time. The present invention avoids to add

any other extra inductor or capacitor to the system.

The characteristics of the invention will emerge more clearly from a reading of

the following description of an example embodiment, the said description being

produced with reference to the accompanying drawings, among which :

Fig. 1 is an example of an energy conversion system wherein the present

invention may be implemented;

Fig. 2 is an example of a curve representing the output current variations of a

power source according to the output voltage of the power source;

Fig. 3 represents an example of a device comprising an energy conversion

device according to the present invention;



Fig. 4 is an example of an energy conversion device comprising an inductor and

a capacitor according to the present invention in order to obtain information enabling

the determination of the maximum power point of the power source;

Fig. 5 is an example disclosing a particular mode of realisation of the switches

of the electric circuit according to the present invention;

Fig. 6 is an example of an algorithm for determining the maximum power point

of the power source according to the present invention;

Fig. 7a is an example of the power source voltage variations obtained according

to the present invention;

Fig. 7b is an example of power source current variations obtained according to

the present invention;

Fig. 7c is an example of the output voltage variations of the energy conversion

device according to the present invention;

Fig. 8a is an example of variations of the current flowing through the inductor

during the capacitor discharging phase, which is composed of several interleaved sub-

phases of partial charges and discharges, according to the present invention;

Fig. 8b is an example of variations of the current flowing through the capacitor

during the capacitor discharging phase, which is composed of several interleaved sub-

phases of partial charges and discharges, according to the present invention;

Fig. 9 is an example of an algorithm for determining the output current and

output voltage pairs of the power source in order to enable the determination of the

maximum power point of the power source according to the mode of realisation of the

present invention.

Fig. 1 is an example of an energy conversion system wherein the present

invention may be implemented.

The energy conversion system is composed of a power source PV like a

photovoltaic cell or an array of cells or a fuel cell connected to an energy conversion

device Conv like a DC-DC step-down/step-up converter and/or a DC/AC converter

also named inverter, which output provides electrical energy to the load Lo.

The power source PV provides current intended to the load Lo. The current is

converted by the conversion device Conv prior to be used by the load Lo.

Fig. 2 is an example of a curve representing the output current variations of a

power source according to the output voltage of the power source.



On the horizontal axis of Fig. 2, voltage values are shown. The voltage values

are comprised between null value and the open circuit voltage Voc-

On the vertical axis of Fig. 2, current values are shown. The current values are

comprised between null value and the short circuit current ISc -

At any given light level and photovoltaic array temperature there is an infinite

number of current-voltage pairs, or operating points, at which the photovoltaic array

can operate. However, there exists a single MPP for a given light level and

photovoltaic array temperature.

Fig. 3 represents an example of a device comprising an energy conversion

device according to the present invention.

The energy conversion device Conv has, for example, an architecture based on

components connected together by a bus 301 and a processor 300 controlled by the

programs related to the algorithms as disclosed in the Figs. 6 and 9 .

It has to be noted here that the energy conversion device Conv is, in a variant,

implemented under the form of one or several dedicated integrated circuits which

execute the same operations as the one executed by the processor 300 as disclosed

hereinafter.

The bus 301 links the processor 300 to a read only memory ROM 302, a random

access memory RAM 303, an analogue to digital converter ADC 306 and the electric

circuit 305 according to the invention.

The read only memory ROM 302 contains instructions of the programs related

to the algorithms as disclosed in the Figs. 6 and 9 which are transferred, when the

energy conversion device Conv is powered on to the random access memory RAM

303.

The RAM memory 303 contains registers intended to receive variables, and the

instructions of the programs related to the algorithms as disclosed in the Figs. 6 and 9 .

The analogue to digital converter 306 is connected to the electric circuit 305

according to the invention which forms the power stage and converts voltages and

currents if needed into binary information.

Fig. 4 is an example of an electric circuit comprising an inductor and a capacitor

according to the present invention in order to obtain information enabling the

determination of the maximum power point of the power source.

The electric circuit is a merged buck/boost converter which is able, according to

the state of switches, to operate in a buck mode (step-down mode) or in a boost mode



(step-up mode), without inverting the output voltage polarity as it is done with the

classical buck-boost converter.

The electric circuit according to the present invention comprises an input filter

capacitor Cm, the positive terminal of which is connected to the positive terminal of

the power source PV. The negative terminal of the capacitor Cui is connected to the

negative terminal of the power source PV. Voltage measurement means measure the

voltage VI on the capacitor Cui and on inductor LI when the latter one is connected in

parallel with the power source.

The positive terminal of the capacitor Cui is connected to a first terminal of a

switch Swi 4 -

The second terminal of switch Swi4 is connected to a first terminal of a switch

Swi2 and to a first terminal of an inductor LI .

The second terminal of a switch Swi2 is connected to the negative terminal of

the power source PV.

The second terminal of the inductor LI is connected to a first terminal of current

measurement means.

The second terminal of current measurement means A is connected to the anode

of a diode Do and to a first terminal of a switch Swi3- The second terminal of the

switch Swi3 is connected to the negative terminal of the power source PV.

The cathode of the diode Do is connected to the positive terminal of a capacitor

Co and the negative terminal of the capacitor Co is connected to the negative terminal

of the power source PV.

When the merged buck/boost converter operates in buck mode, the switch Swi3

is always in OFF state and diode D0 is always in conductive state.

The switch Swi4 is put in a conductive state according to a periodic pattern of

which the duty cycle is adjusted in order to get a desired output voltage V DC- The

period of time the switch Swi4 is high is named D. The period of time wherein the

command signal of the switch Swi4 is low is named (1-D).

The switch Swi2 is in non conductive state during D and is in conductive state

during (1-D).

When the merged buck/boost converter operates in boost mode, the switch Swi4

is always in conductive state and the switch Swi2 is never in conductive state.

The switch Swi3 is in conductive state during D and is in non conductive state

during (1-D).



Fig. 5 is an example disclosing a particular mode of realisation of the switches

of the electric circuit according to the present invention.

The switch Swi4 of Fig. 5 is for example an IGBT transistor IG1. The first

terminal of the switch Swi4 is the collector of the IGBT transistor IG1.

The emitter of the IGBT transistor IG1 is the second terminal of the switch Swi4-

The switch Swi2 of Fig. 5 is a diode D5. The first terminal of the switch Swi2 is

the cathode of the diode D5 and the second terminal of the switch Swi2 is the anode

of the diode D5.

The switch SW i3 of Fig. 5 is a NMOSFET M3. The first terminal of the switch

Swi3 is the drain of the NMOSFET M3. The second terminal of the switch Swi3 is the

source of the NMOSFET M3.

Fig. 6 is an example of an algorithm for determining the maximum power point

of the power source according to the present invention.

More precisely, the present algorithm is executed by the processor 300.

The algorithm for obtaining information enabling the determination of the

maximum power point of the power source discharges the capacitor Cui in the

inductor LI through interleaved sub-phases of partial charges and discharges prior to

the monitoring of the voltage charge of the capacitor Cui in order to get information

enabling the determination of the maximum power point of the power source.

At step S600, the phase PHI starts. The phase PHI is shown in the Figs. 7a to

7c.

Fig. 7a is an example of the power source voltage variations obtained according

to the present invention.

The time is represented on horizontal axis of the Fig. 7a and the voltage is

represented on the vertical axis of the Fig. 7a.

Fig. 7b is an example of power source current variations obtained according to

the present invention.

The time is represented on horizontal axis of the Fig. 7b and the current is

represented on the vertical axis of the Fig. 7b.

Fig. 7c is an example of the output voltage variations of the energy conversion

device according to the present invention.

The time is represented on horizontal axis of the Fig. 7c and the voltage is

represented on the vertical axis of the Fig. 7c.



During the phase PHI, the energy conversion device Conv acts as a boost

converter. The NMOSFET M3 and the diode Do are put in a conductive state and non

conductive state according to a periodic pattern of which the duty cycle is adjusted in

order to get a desired output voltage. The period of time wherein the command signal

of the NMOSFET M3 is high is named D. The period of time wherein the command

signal of the NMOSFET M3 is high is named (1-D).

During the phase PHI, the IGBT transistor IG1 is always in conductive state, the

NMOSFET M3 is in conductive state during D and the diode D0 is in conductive state

during (1-D).

During the phase PHI, the diode D5 is never in conductive state, the NMOSFET

M3 is not in conductive state during (1-D) and the diode D0 is not in conductive state

during D.

The voltage provided by the power source PV shown in Fig. 7a corresponds to a

voltage which corresponds to the MPP previously determined by the present

algorithm.

The current provided by the power source PV shown in Fig. 7b is a current

corresponding to the MPP previously determined by the present algorithm.

The voltage VDC at the output shown in Fig. 7c is a voltage obtained from the

power source PV output voltage and the duty cycle.

The current is provided to the load during the phase PHI .

At next step S601, the processor 300 decides to interrupt the boost conversion

mode in order to determine another MPP and moves to a phase PH2.

In phase PH2, the capacitor Cui is discharged through the inductor LI through

interleaved sub-phases of partial charges and discharges as shown in Fig. 7a.

In order to avoid that high current flows through LI and/or Cui the phase PH2 is

decomposed into two sub-phases PH2a and PH2b and a maximum current is set in the

sub-phase PH2a.

Sub-phase PH2a represents the period of time in which the capacitor Cui is

partially or completely discharged through the inductor LI .

Sub-phase PH2b represents the period of time in which the inductor L I is

partially or completely discharged on a storage device or the load and the capacitor

Cui is partially charged by the power source.

At next step S602, the processor 300 starts the phase PH2a.



In sub-phase PH2a, the IGBT transistor IG1 and the NMOSFET M3 are set in

the conductive state and the diodes D5 and Do are in a non conductive state.

During sub-phase PH2a, the capacitor C transfers its energy into the inductor

LI in a resonant way as it is shown in Figs. 8a and 8b.

Fig. 8a is an example of variations of the current flowing through the inductor

during the capacitor discharging phase, which is composed of several interleaved sub-

phases of partial charges and discharges, according to the present invention.

The time is represented on horizontal axis of the Fig. 8a and the current is

represented on the vertical axis of the Fig. 8a.

Fig. 8b is an example of variations of the current flowing through the capacitor

during the capacitor discharging phase, which is composed of several interleaved sub-

phases of partial charges and discharges, according to the present invention.

The time is represented on horizontal axis of the Fig. 8b and the current is

represented on the vertical axis of the Fig. 8b.

At next step S603, the processor 300 checks if the current I
L 1

flowing through

the inductor LI is greater than a first predetermined value Thresl, for example equal

to a maximum current of twenty Amps, or if the capacitor Cui is discharged.

The capacitor C is considered to be discharged when the voltage V I is equal to

a second predetermined value Thres2, which is for example equal to null value.

If the current ILI flowing through the inductor LI is lower than or equal to the

first predetermined value Thresl or if the capacitor Cm is not discharged, the

processor 300 returns to step S603. Otherwise, the processor 300 moves to step S604.

As it can be seen if Fig. 8a, up to time Tl, the current I
L 1

going through the

inductor LI reaches the maximum current of 20 Amp several times.

At T2, the capacitor Cm is discharged.

At step S604, the processor 300 starts the sub-phase PH2b.

In sub-phase PH2b, the IGBT transistor IG1 and the NMOSFET M3 are set in

the not conductive state and the diodes D5 and Do are in a conductive state.

The inductor LI discharges its energy into the capacitor Co and also according

to a particular feature into the load as it is shown in Figs. 8a.

At the same time the capacitor Cm is charged by the power source PV as shown

in Fig. 8b.

It has to be noted here that the capacitance value of the capacitor Co is greater

than the capacitance value of the capacitor Cm, i.e. the inductor LI discharge happens



much faster than the inductor LI charge meaning that the charge of the capacitor Cui

is always much slower than its discharge , i.e. the inductor LI charge.

At next step S605, the processor 300 checks if the current I
L 1

going through the

inductor LI is smaller than a third predetermined value Thres3, for example equal to

null value.

If the current ILI going through the inductor L I is greater than the third

predetermined value Thres3, the processor 300 returns to step S605. Otherwise, the

processor 300 moves to step S606.

At next step S606, the processor 300 checks if the voltage V I is greater than the

second predetermined value Thres2, for example equal to null value.

If the voltage V I is upper than the second predetermined value Thres2, the

processor 300 returns to step S603 and executes successively the sub-phases PH2a and

PH2b as far as the voltage V I is not smaller or equal to the predetermined value

Thres2, for example null value.

If the voltage V I is smaller than or equal to the second predetermined value

Thres2, the processor 300 moves to step S607.

At step S607, the processor 300 starts the phase PH3.

In phase PH3, the IGBT transistor IG1 and the NMOSFET M3 are set in the not

conductive state and the diodes D5 and Do are in a non conductive state.

The capacitor C is charged from null voltage to open circuit voltage Voc as

shown in Fig. 7a and the current moves from the short circuit current to null value as

shown in Fig. 7b.

At next step S608, the processor 300 commands the sampling, at the sampling

period Tsamp, of the voltage V I which corresponds to the voltage on the capacitor C

or of the power source PV.

At step S609, the processor 300 gets all the samples determined at the previous

step and processed according to the algorithm that will be disclosed in reference to the

Fig. 9 and forms a curve as the one shown in Fig. 2 .

At the same step, the processor 300 determines the MPP thanks to the voltage

and current values obtained from the algorithm of Fig. 9 by selecting the maximum

power obtained from voltage and current values.

At step S610, the phase PH4 starts. The phase PH4 is shown in the Figs. 7a to

7c.



It has to be noted here that the phase PH3 ends after a predetermined time

duration or when the voltage derivative dVl/dt is equal to zero, meaning that the open

circuit voltage Voc was reached.

During the phase PH4, the energy conversion device acts as a boost converter.

The NMOSFET M3 and the diode Do are put in a conductive state and non conductive

state according to a periodic pattern of which the duty cycle is adjusted in order to get

a desired output voltage considering the newly determined MPP. During the phase

PH4, the IGBT transistor IG1 is in conductive state, the NMOSFET M3 is in

conductive state during D and the diode D0 is in conductive state during (1-D).

During the phase PH4, the diode D5 is not in conductive state, the NMOSFET

M3 is not in conductive state during (1-D) and the diode D0 is in conductive state

during D.

Fig. 9 is an example of an algorithm for determining the current and output

voltage pairs of the power source in order to enable the determination of the maximum

power point of the power source according to the mode of realisation of the present

invention.

More precisely, the present algorithm is executed by the processor 300.

The algorithm for obtaining information enabling the determination of the

maximum power point of the power source according to the particular mode of

realisation of the present invention uses the voltage V I in order to determine the

current going through the capacitor C during phase PH3.

From a general point of view, with the present algorithm, the current for the

given sample is determined by multiplying the capacitance value of the capacitor Cui

by the voltage derivative of the given sample, the voltage derivative being obtained

through a fitted mathematical function, for example a polynomial function with real

coefficients in order to filter the sampled voltages.

The fitted mathematical function is obtained by minimizing the sum of the

squares of the difference between the measured voltage y with i=l to N at consecutive

time samples x and mathematical functions f(x;) in order to obtain a processed voltage

for the given time sample. It is done as follows.

Given N samples (x1,y1),(x 2,y2)...(xN,yN), the required fitted mathematical

function can be written, for example, in the form:

f(x)=Crf 1(x)+C2-f2(x)+...+CK-fK(x)



where fj(x), j=l,2...K are mathematical functions of x and the , j=l,2...K are

constants which are initially unknown.

The sum of the squares of the difference between f(x) and the actual values of y

is given by
N N 2

E = ∑ f (X i ) - y = ∑ [ ( ) + C f ( , ) + . . . + C K f K ( , ) - y t ]
i=l i=l

This error term is minimized by taking the partial first derivative of E with

respect to each of constants, , j=l,2,...K and putting the result to zero. Thus, a

symmetric system of K linear equation is obtained and solved for Ci, C2, ... , C K- This

procedure is also known as Least Mean Squares (LMS) algorithm.

Information enabling the determination of the maximum power point are the

power-voltage droop characteristics of the power source PV, directly obtained from

the current-voltage droop characteristics.

With the voltage samples of VI, a curve is obtained based on the fitting of

suitable mathematical functions, for example polynomial functions with real

coefficients, in pre-defined windows which will move for each sample. Thus, the

voltage is filtered and its derivative can be simultaneously calculated for every central

point in the window in a very simple and direct way, resulting in the determination of

current without the need of any additional current sensor.

At next step S900, the processor 300 gets the samples obtained during phase

PH3. Each sample is a bi-dimensional vector the coefficients of which are the voltage

value and time to which voltage has been measured.

At next step S901, the processor 300 determines the size of a moving window.

The size of the moving window indicates the number Npt of samples to be used for

determining a curve based on the fitting of suitable mathematical functions, for

example polynomial functions with real coefficients. The size of the moving window

is odd. For example, the size of the moving window is equal to seventy one.

At next step S902, the processor 300 determines the central point Nc of the

moving window.

At next step S903, the processor 300 sets the variable i to the value Npt.

At next step S904, the processor 300 sets the variable j to i-Nc+1 .

At next step S905, the processor 300 sets the variable k to one.

At next step S906, the processor 300 sets the value of x(k) to the time

coefficient of sample j .



At next step S907, the processor 300 sets the value of y(k) to the voltage

coefficient of sample j .

At next step S908, the processor 300 increments the variable k by one.

At next step S909, the processor 300 increments the variable j by one.

At next step S910, the processor 300 checks if the variable j is strictly lower

than the sum of i and Nc minored by one.

If the variable j is strictly lower than the sum of i and Nc minored by one, the

processor 300 returns to step S906. Otherwise, the processor 300 moves to step S91 1.

At step S91 1, the processor 300 determines the fitted mathematical function, for

example the polynomial function y(x)=ax +bx+c, using the Least Mean Square

algorithm and all the x(k) and y(k) values sampled at steps S906 and S907 until the

condition on S910 is reached.

The processor 300 obtains then the a, b and c real coefficients of the second

degree polynomial function ([a,b,c] e ) .

At next step S912, the processor 300 evaluates the filtered voltage value and the

current according to the following formulas:

Vpv (time[i])=a-time[i]2+b-time[i]+c

Icui(time[i])=Cur(a-time[i]+b)

At next step S913, the processor 300 increments the variable i by one unit.

At next step S914, the processor 300 checks if i is strictly lower than N minored

by Nc wherein N is the total number of voltage samples obtained at step S901.

If i is strictly lower than N minored by Nc, the processor 300 returns to step

S904. Otherwise, the processor 300 interrupts the present algorithm and returns to step

S609 of the algorithm of Fig. 6 .

By moving to step S904, the processor 300 will displace the moving window by

one sample.

Naturally, many modifications can be made to the embodiments of the invention

described above without departing from the scope of the present invention.



CLAIMS

1. Apparatus for obtaining information enabling the determination of a

characteristic like the maximum power point of a power source, the apparatus

comprising at least an inductor and a capacitor, the information enabling the

determination of the characteristic of the power source being obtained by monitoring

the voltage charge of the capacitor, characterised in that the apparatus for obtaining

information enabling the determination of the characteristic of the power source

comprises means for discharging the capacitor through the inductor prior to the

monitoring of the charge of the capacitor.

2 . Apparatus according to claim 1, characterised in that the apparatus comprises

means for monitoring the current flowing through the inductor during the discharge of

the capacitor and the capacitor is discharged in the inductor as long as the current

flowing through the inductor reaches a first predetermined value or as long as the

capacitor is not discharged.

3 . Apparatus according to claim 2, characterised in that the apparatus comprises

means for discharging the inductor into at least one device once the current flowing

through the inductor reaches the first predetermined value or once the capacitor is

discharged.

4 . Apparatus according to claim 3, characterised in that the other device is an

energy storage device or a load.

5 . Apparatus according to claim 1, characterised in that the apparatus comprises

means for obtaining the current outputted by the power source during the monitoring

of the charge of the capacitor.

6 . Apparatus according to claim 5, characterised in that the current outputted by

the power source is obtained from a current sensor or derived from the voltage values

obtained during the monitoring of the voltage charge of the capacitor.



7 . Direct current converter characterised in that it comprises the apparatus

according to any of the claims 1 to 6

8. Method for obtaining information enabling the determination of a

characteristic like the maximum power point of a power source connected to a direct

current converter, the direct current converter comprising at least an inductor and a

capacitor, characterised in that the method comprises the steps of :

- discharging the capacitor through the inductor,

- monitoring the voltage charge of the capacitor in order to obtain information

enabling the determination of the characteristic of the power source.

9 . Method according to claim 8, characterised in that the method comprises

further step of monitoring the current going through the inductor during the discharge

of the capacitor and the capacitor is discharged in the inductor as long as the current

going through the inductor reaches a first predetermined value or as long as the

capacitor is not discharged.

10. Method according to claim 9, characterised in that the method comprises

further step of discharging the inductor into at least another device once the current

flowing through the inductor reaches the first predetermined value or once the

capacitor is discharged.

11. Method according to claim 10, characterised in that the steps of discharging

the capacitor through the inductor and of discharging the inductor are executed

iteratively as far as the voltage of the capacitor reaches a second predetermined value.

















A . CLASSIFICATION O F SUBJECT MATTER

INV. G05F1/67
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G05F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 869 956 A (NAGAO YOSHITAKA [JP] ET 1-11
AL) 9 February 1999 (1999-02-09)
f i gures 1 , 2

CHIHCHIANG HUA ET AL: "Comparati ve study 1-11
of peak power tracki ng techni ques for
sol ar storage system" ,
APPLI ED POWER ELECTRONICS CONFERENCE AND

EXPOSITION , 1998. APEC ' 98. C ONFERENCE
PROCEEDINGS 1998. , THI RTEENTH ANNUAL
ANAHEIM, CA, USA 15-19 FEB. 1998, NEW

YORK, NY, USA, I EEE, US LNKD-
DOI : 10. 1109/APEC. 1998. 653972 ,
vol . 2 , 15 February 1998 (1998-02-15) ,
pages 679-685 , XP010263666,
ISBN : 978-0-7803-4340-5
f i gures 2 , 3

-/-

Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

o r priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel o r cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) o r involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation o r other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition o r document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

3 March 2011 10/03/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Sundi n , Marti n



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2006/132102 Al (HARVEY TROY A [US] ) 1-11
22 June 2006 (2006-06-22)
the whol e document

A US 2009/284240 Al (ZHANG JIANHUI [US] ET 1-11
AL) 19 November 2009 (2009-11-19)
the whol e document

A EP 2 056 180 Al (TOYOTA MOTOR CO LTD [JP] ) 1-11
6 May 2009 (2009-05-06)
the whol e document

A US 6 111 767 A (HANDLEMAN CLAYTON KLING 1-11
PHI LI P [US] ) 29 August 2000 (2000-08-29)
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5869956 A 09-02-1999 P 3554116 B2 18-08-2004
P 10083223 A 31-03-1998

US 2006132102 Al 22 -06 -2006 NONE

US 2009284240 Al 19 -11 -2009 KR 20110009233 A 27 -01 -2011
O 2009140539 A2 19 -11 -2009

EP 2056180 Al 06 -05 -2009 CN 101501602 A 05 -08 -2009
P 2008046751 A 28 -02 -2008
O 2008018250 Al 14 -02 -2008

KR 20090051752 A 22 -05 -2009
US 2009289594 Al 26 -11 -2009

US 6111767 A 29 -08 -2000 US 6339538 Bl 15 -01 -2002


	abstract
	description
	claims
	drawings
	wo-search-report

