
(19) United States 
US 2003O195719A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0195719 A1 
Emori et al. (43) Pub. Date: Oct. 16, 2003 

(54) STATE DETECTING SYSTEM AND DEVICE (30) Foreign Application Priority Data 
EMPLOYING THE SAME 

Apr. 10, 2002 (JP)...................................... 2002-107861 
(75) Inventors: Akihiko Emori, Hitachi (JP); Akihiko 

Kudou, Fukaya (JP); Shigeyuki 
Yoshihara, Hitachinaka (JP); Hideki 
Miyazaki, Hitachi (JP); Toshisada 
Mitsui, Hitachinaka (JP); Mitsuyuki 
Hombu, Hitachinaka (JP); Kazuyoshi 
Sasazawa, Hitachi (JP) 

Correspondence Address: 
CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 (US) 

(73) Assignees: Hitachi, Ltd.; 
Machinery Co. 

Shin-Kobe Electric 

(21) Appl. No.: 10/387,524 

(22) Filed: Mar. 14, 2003 

MEASURE 
AND READ 

CALCUATE 
OPERA 
ION 

Publication Classification 

(51) Int. Cl." ..................................................... G06F 15/00 
(52) U.S. Cl. .............................................................. 702/183 

(57) ABSTRACT 

A State detecting System which can detect State of power 
Storage at high precision even with lesser characteristic data 
to be used for calculation, and a device employing the Same. 
The State detecting System has a memory for Storing a 
characteristic data, calculation information, and Set infor 
mation, an arithmetic unit for calculating State information 
indicative of State of Said power Storage and calculating 
correction information for performing correction, a first 
correcting unit for correcting input of Saidarithmetic means, 
and a Second correcting unit for correcting information 
Stored or Set in the Storage. 
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STATE DETECTING SYSTEMAND DEVICE 
EMPLOYING THE SAME 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a novel state 
detecting device for detecting States Such as charge condi 
tion, residual capacity in a power Storage means Such as a 
lithium Secondary battery, a nickel hydride battery, a lead 
Seal battery, an electric double layer capacitor, and to a 
power Source unit, a distribution type power Storage device, 
and an electric vehicle which use the State detecting device. 

0002. In a power source unit, a distribution type power 
Storage device and an electric vehicle employing power 
Storage means, Such as a battery, a State detecting device is 
employed for detecting State of the power Storage means in 
order to Safely and effectively use the power Storage means. 
The State of the power Storage means represents State of 
charge (hereinafter abbreviated as “SOC” indicative how 
much charged or how much dischargeable charge amount 
resides, residual capacity, or State of health (hereinafter 
abbreviated as “SOH') indicative of how much exhausted or 
weakened or degree of deterioration. 

0003) The SOC in the power source unit of a portable 
equipment, an electric Vehicle and So forth can be detected 
by integrating a discharge current from a fully charged State 
and calculating a ratio of a charge amount residing in the 
power storage means (hereinafter referred to as “residual 
capacity”) versus a maximum chargeable charge amount 
(hereinafter referred to as “full capacity). However, many 
power Storage means varies the full capacities depending 
upon SOH, temperature and so forth, it is difficult to 
accurately detect SOC with respect to Secular change and 
variation of environment. 

0004. In order to solve such problem, as conventional 
residual capacity predicting method in consideration of 
deterioration of battery, there has been known one disclosed 
in Japanese Patent Application Laid-Open No. Heisei 
10-289734. FIG. 10 is an illustration showing a residual 
capacity predicting method of the above-identified publica 
tion. In this method, an initial battery characteristics is 
corrected by a temperature correction coefficient derived on 
the basis of a temperature of the battery and a deterioration 
correction coefficient derived based on deterioration of the 
battery, and a residual capacity of the battery is derived on 
the basis of the corrected battery characteristics, a discharge 
current during discharging and a terminal Voltage. 

0005. In Japanese Patent Application Laid-Open No. 
Heisei 11-218567, there is shown a method for deriving a 
battery characteristics upon occurrence of deterioration by 
correcting an initial battery characteristics in relation to a 
temperature correction coefficient, an internal resistor dete 
rioration correction coefficient, a capacitor deterioration 
correction coefficient. 

0006. In Japanese Patent Application Laid-Open No. 
2000-166105, there has been disclosed a control unit detect 
ing a charge condition on the basis of charge and discharge 
current, detecting a power Storage condition on the basis of 
a Voltage and controlling a charge condition on the basis of 
Such detections. 
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0007. In Japanese Patent Application Laid-Open No. 
2000-166109, there has been disclosed a charge condition 
detecting device deriving an electromotive force based on a 
charge and discharge current and Voltage and having a 
calculating means for deriving a charge characteristics on 
the basis of the electromotive force and the charge charac 
teristics. 

0008. In Japanese Patent Application Laid-Open No. 
2001-85071, there is disclosed a temperature detecting 
device predicting respective temperatures of a Set battery 
modules on the basis of Voltages between terminals and 
currents flowing therethrough. 
0009. In the residual capacity predicting method dis 
closed in the foregoing Japanese Patent Application Laid 
Open No. Heisei 10-289734, in consideration of influence 
for temperature or deterioration, these influences are taken in 
as temperature correction coefficient or deterioration correc 
tion coefficient for correcting parameters necessary for cal 
culation of the residual capacity with these correction coef 
ficients derived through complicate derivation processes. 
Therefore, it is concerned whether the value perse of the 
correction coefficient is correct or whether all battery char 
acteristics are corrected. 

0010. In addition, the power storage means of some kind 
also has characteristics, Such as charge efficiency, memory 
effect and So forth, and is required to make correction in 
consideration of these characteristics in precision of residual 
capacity with high precision. On the other hand, the initial 
characteristics of the power storage mean generally contain 
individual difference. Correction for individual difference is 
also necessary in prediction of residual capacity with high 
precision. 
0011 Namely, in order to perform state detection, such as 
prediction of residual capacity with high precision, it 
becomes necessary effect accurate modeling of the charac 
teristics to take in a plurality of parameters. Furthermore, it 
is required to perform correction associated with Secular 
change or environmental variation of these parameters. 
0012. Therefore, significant time and attention have to be 
paid for obtaining the initial characteristics and a plurality of 
parameters of the power Storage means. However, no matter 
how complicate it is, the result of arithmetic operation is 
nothing but prediction on the basis of the theory or model of 
the battery characteristics. Therefore, it is Stilled concerned 
whether the result of prediction is correct with respect to a 
true value. 

0013 Therefore, it has been found that, in order to realize 
State detection of the power Storage means at high precision 
and Simply in calculation with characteristic data to be used 
in arithmetic operation, correction by comparing the result 
of State detection with the true value or logic and feeding 
back to Subsequent arithmetic operation with learning the 
difference, is required, and break through thereof is neces 
Sary. Since it is not possible to directly measure the State of 
the battery, such as SOC or SCH, an important problem is 
how to derive the true value or logic. 
0014. On the other hand, in Japanese Patent Application 
Laid-Open No. Heisei 11-218567, Japanese Patent Applica 
tion Laid-Open No. 2000-166105, Japanese Patent Applica 
tion Laid-Open No. 20000-166109 and Japanese Patent 
Application Laid-Open No. 2001-85071, it is failed to 
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disclose to perform correction feeding back a correction 
information obtained through arithmetic operation to Sub 
Sequent arithmetic operation, and to correct Storage infor 
mation necessary for the arithmetic operation, and to per 
form State detection of the power Storage means on the basis 
of a plurality of particular arithmetic operation and a plu 
rality of varying information. 

SUMMARY OF THE INVENTION 

0.015. An object of the present invention is to provide a 
State detection System to perform correction for feeding back 
correction information obtained through the predetermined 
arithmetic operation to Subsequent arithmetic operation and 
Storage information to make a characteristic data to be used 
in arithmetic operation at least being accurate to enable 
detection of State, Such as State of charge, State of health or 
the like, and a power Source unit, a power Storage device and 
an electric Vehicle. 

0016. The present invention is directed to a state detect 
ing System comprising a storage means for Storing a char 
acteristic data with respect to a power Storage means arith 
metically obtained on the basis of the measured information 
obtained by measuring a measuring object with respect to 
the power Storage means by measuring means, calculation 
information relating to the arithmetic operation of the data, 
and Set information preliminarily Set relating to the charac 
teristic data and the calculation information, an arithmetic 
means for calculating State information indicative of State of 
the power Storage means on the basis of the measured 
information and Set information and calculating correction 
information for performing correction by comparing a cal 
culation result calculated and the Set information, a first 
correcting means for correcting input of the arithmetic 
means on the basis of correction information obtained by the 
arithmetic means, or a Second correcting means for correct 
ing information Stored or Set in Storage means based on 
correction information obtained by the arithmetic means, 
and a communication means for communicating a calcula 
tion result obtained from the arithmetic means to other 
device. 

0017 More particularly, the state detecting system 
according to the present invention comprises a measuring 
means for measuring one or more of Voltage, current, 
temperature, resistance and electrolyte concentration of a 
power Storage means, a storage means for Storing at least 
one of characteristic data of the power Storage means, 
calculation coefficient and calculation procedure and pre 
liminarily Set value to be considered as true value or Set 
information to be a logic considered as true phenomenon, an 
arithmetic means for calculating State of the power Storage 
means on the basis of the measured value of the measuring 
means and the Set information of the Storage means and 
calculating a correction amount by comparing the calcula 
tion result and the Set information, and communication 
means for communicating the calculation result of the 
arithmetic means to other device, and a correcting means for 
correcting the value of the Storage means or input of the 
arithmetic means. By this, it can perform correction by 
comparing the calculation result and Set information and 
feeding back the difference to Subsequent calculation with 
learning. Therefore, it can be realized the State detection 
System which can detect State of power Storage means 
achieving high accuracy with requiring lesser characteristic 
data to be used and Simply in calculation. 

Oct. 16, 2003 

0018. The correction means according to the present 
invention may determine a correction amount based on 
discrepancy of the calculation result of the calculation 
means and Set information. For example, it is natural con 
dition that charge State increases during charging. If dis 
crepancy in that the charge State decreases during charging, 
this is corrected. In addition, it is natural when charge and 
discharge is performed within the allowable charge an 
discharge current value capable of charging and discharging 
the power Storage within allowable use Voltage range, over 
charging or over discharging is not detected. If overcharging 
or over discharging is detected, allowable charge and dis 
charge current is corrected. AS Set forth, according to the 
present invention, normal characteristics or natural phenom 
enon is taken as Set information and compares with the 
calculation result to correct the value of the Storage means 
or input of the arithmetic means is corrected with learning. 
0019. On the other hand, in the present invention, the 
value of the measuring means, calculation result or calcu 
lation procedure of the arithmetic means, when the current 
value is Smaller than or equal to the predetermined value 
may be determined as the correction value. For example, 
under a condition where influence of Self-discharge is Small 
and if current value is 0A, charge State varies little. Namely, 
when current value is 0A, Variation amount of charge State 
being 0 is taken as Set value as true value. If current value 
is 0A, charge State is varied; correction is performed to 
feedback the variation amount to the Subsequent calculation 
with learning. 
0020. The storage means of the present invention has two 
or more mutually different calculation procedures. The arith 
metic means can derive the correction value from the 
calculation results of the calculation procedures to perform 
correction for feeding back the correction value to the 
Subsequent calculation with learning. 

0021. On the other hand, the arithmetic means has the 
charge State calculating means and current integration means 
of the power Storage means to calculate capacity of the 
power Storage means based on different two charge State and 
current integration value die the period. In this case, the 
Storage means Stores the initial capacity of the power Storage 
means, and correction means may determine the correction 
information based on the capacity and initial capacity of the 
power Storage means. 

0022. The present invention is characterized by a power 
Source unit comprising power Storage means, measuring 
means for measuring at least one of Voltage, current, tem 
perature, electric resistance and electrolyte concentration, 
and a State detecting System deriving State information of the 
power Storage means on the basis of measured information 
measured by the measuring means, the State detecting Sys 
tem comprising State detecting System Set forth above. 

0023. On the other hand, the present invention is char 
acterized by a power Storage device comprising a commer 
cial power Source connected to a Switch, a photovoltaic 
generation device connected to the commercial power 
Source via the Switch, a load device connected to the 
photovoltaic generation device via a Switch, a control con 
verter controlling power of the commercial power Source 
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and the photovoltaic generation device and connected to the 
Switch of the commercial power Source via a Switch, a 
control unit commanding Switching of the Switch of the 
commercial power Source and the Switch of the control 
converter and commanding the power, power Storage means, 
measuring means for measuring at least one of Voltage, 
current, temperature, electric resistance and electrolyte con 
centration, and a State detecting System deriving State infor 
mation of the power Storage means on the basis of measured 
information measured by the measuring means, the State 
detecting System comprising State detecting System Set forth 
above. 

0024. The present invention is characterized by an elec 
tric vehicle comprising a generator performing power gen 
eration by revolution and rotation of a motor for driving 
wheel and the wheel or motor generator driving wheel and 
performing power generation by rotation of the wheel, a 
control converter connected to the motor and generator or 
the motor generator and converting a power thereof, a 
control unit designating the power of the control converter, 
power Storage means connected to the control converter, a 
measuring means for measuring at least one of Voltage, 
current, temperature, electric resistance and electrolyte con 
centration, and a State detecting System deriving State infor 
mation of the power Storage means on the basis of measured 
information measured by the measuring means, the State 
detecting System comprising State detecting System Set forth 
above, and the control unit being controlled by a commu 
nication means. 

0.025 The present invention is characterized by a hybrid 
vehicle comprising an internal combustion engine, a gen 
erator performing power generation by revolution of motor 
assisting driving force of wheel connected to the engine and 
rotation of wheel and a motor generator connected to the 
engine and assisting driving force of the engine and per 
forming power generation, a control converter connected to 
the motor and the generator or the motor generator, for 
converting a power thereof, a control unit designating the 
power of the control converter, a power Storage means 
connected to the control converter, a measuring means for 
measuring at least one of Voltage, current, temperature, 
electric resistance and electrolyte concentration, and a State 
detecting System deriving State information of the power 
Storage means on the basis of measured information mea 
Sured by the measuring means, the State detecting System 
comprising State detecting System Set forth above, and the 
control unit being controlled by a communication means. 

0026. It is preferred that the power storage means is 
Selected among lithium Secondary battery, a nickel hydride 
battery, a lead Seal battery, an electric double layer capacitor 
and so forth. 

0027. As set forth above, by the present invention, since 
correction is performed by comparing the calculation result 
with the Set information, Such as Set value or logic of the 
calculation result to feedback to the Subsequent calculation 
with learning. Therefore, State detecting System detecting 
State information of the power Storage means with high 
precision with Smaller characteristic data to be used for 
calculation with using simple arithmetic expression for 
calculation, the power Source unit, distributed type power 
Storage device, the automotive vehicle, can be realized. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The present invention will be understood more 
fully from the detailed description given hereinafter and 
from the accompanying drawings of the preferred embodi 
ment of the present invention, which, however, should not be 
taken to be limitative to the invention, but are for explana 
tion and understanding only. 
0029 FIG. 1 is a constructional illustration of a power 
Source unit according to the present invention; 
0030 FIG. 2 is a block diagram sowing a calculation 
process of the power Source unit according to the present 
invention; 
0031 FIG. 3 is a circuit diagram showing an equivalent 
circuit of a power Storage means according to the present 
invention; 
0032 FIG. 4 is a diagrammatic illustration showing a 
relationship between SOC and allowable charge and dis 
charge current of power Storage means according to the 
present invention; 
0033 FIG. 5 is a diagrammatic illustration showing a 
Voltage variation upon charging by a pulse current of the 
power Storage means according to the present invention; 
0034 FIG. 6 is a constructional illustration of the power 
Source unit according to the present invention; 
0035 FIG. 7 is a diagrammatic illustration showing a 
relationship of OCV and SOC of the power storage means 
according to the present invention; 
0036 FIG. 8 is a constructional illustration of a distrib 
uted type power Storage device of Sunlight applied the State 
detection System and the power Source unit according to the 
present invention; 
0037 FIG. 9 is a constructional illustration of an auto 
motive vehicle applied the State detection System and the 
power Source unit according to the present invention; and 
0038 FIG. 10 is a constructional illustration showing the 
conventional residual capacity predicting method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0039 The present invention will be discussed hereinafter 
in detail in terms of the preferred embodiment of the present 
invention with reference to the accompanying drawings. In 
the following description, numerous Specific details are Set 
forth in order to provide a thorough understanding of the 
present invention. It will be obvious, however, to those 
skilled in the art that the present invention may be practiced 
without these Specific details. In other instance, well-known 
Structures are not shown in detail in order to avoid unnec 
essary obscurity of the present invention. 

0040) (First Embodiment) 
0041 FIG. 1 is a constructional illustration of a power 
Source unit according to the present invention. In FIG. 1, the 
reference numeral 101 denotes power storage means, 102 
denotes measuring means, 103 denotes Storage means, 104 
denotes arithmetic means, 105 denotes communication 
means, 106 denotes first correction means and 107 denotes 
Second correction means. The power Storage means 101 is 
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formed with a device having a power Storage function, Such 
as a lithium Secondary battery, a nickel hydride battery, a 
lead Seal battery, an electric double layer capacitor and So 
forth. 

0042. The measuring means 102 is formed with a sensor 
or an electric circuit measuring Voltage, current, tempera 
ture, resistance, battery electrolyte concentration and So 
forth, to obtain necessary measured information. 
0043. The storage means 103 is constructed with a 
memory device, such as an EEPROM, flash memory, a 
magnetic disk and So forth to Store calculation information 
including at least one of characteristic data, calculation 
coefficient and calculation procedure, and Set value to be 
considered as a preliminarily Set true value relating to the 
calculation information or Set information consisted of logic 
considered as true phenomenon. 
0044) The arithmetic means 104 is formed with a micro 
processor, a computer or the like, and derives a State 
information of the power storage means 101 on the basis of 
a measuring value of the measurement means 102 and a 
value of the storage means 103. On the other hand, the result 
of calculation and the Set information are compared to 
calculate the correction information to be these correction 
amounts. AS State of the power Storage means 101, there are 
various abnormality, such as SOC, SOH, allowable current, 
continuous charge and discharge period, allowable tempera 
ture, overcharging, over discharging and So forth. 
004.5 The communication means 105 is constructed with 
a device or circuit for communicating a Serial number, Such 
as CAN, Bluetooth and so forth or a device or circuit 
communicating an ON-OFF signal, Such as photo-coupler, 
relay and So forth. Then, a result of calculation calculated by 
the arithmetic means 104 is transmitted to other controller, 
display element or the like (not shown). 
0046) The first correction means 106 is constructed with 
a cache memory, a buffer memory, such as SRAM or the 
like, a register. Correction is performed by varying a value 
of the measuring means 102, a value of the Storage means 
103, a result of calculation of the arithmetic means 104 on 
the basis of a correction value derived by the arithmetic 
means 104. 

0047 The second correction means 107 is constructed 
with a writing circuit of EEPROM, flash memory and so 
forth as the storage means 103 or a writing circuit of the 
magnetic disk or the like and re-writes the value in the 
Storage means 103 based on the correction value calculated 
by the arithmetic means 104. 
0048 While the first correction means 106 and the sec 
ond correction means 107 are employed in the shown 
embodiment, it is possible to use one of these correction 
means or to employ other construction. On the other hand, 
by employing a microcomputer, in which an A/D converter, 
a flash memory, a microprocessor, a communication circuit 
are integrated on the same device, the measuring means 102, 
the storage means 103, the arithmetic means 104, the 
communication means, the first correction means 106 and 
the second correction means 107 can be integrated on the 
Same device. On the other hand, these can be used in 
common with other control unit. 

0049. With the shown embodiment, the result of calcu 
lation per Se is compared with the Set value or the Set 
information Set as logic to perform correction with feeding 
back to Subsequent arithmetic operation with learning the 
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difference between the result of calculation and the set value 
or the set information. Therefore, it becomes possible to 
realize the State detection method and State detection System 
of the power Storage means which is high accuracy with 
lesser characteristic data to be used in arithmetic operation 
and Simple in arithmetic operation, and a power Source unit 
employing the Same. 

0050 (Second Embodiment) 
0051 FIG. 2 is a block diagram showing a state detection 
method of the power Storage means according to the present 
invention. In FIG. 2, in a step of measuring and reading, 
Voltage, current, temperature, resistance, electrolyte concen 
tration and so forth of the power storage means 101 is 
measured to read the measuring value of the first correction 
means 106 or the arithmetic means 104. or a value of the 
Storage means 103. In calculation, State of the power Storage 
means 101 is calculated on the basis of the read value. In 
discrepancy judgment, the result of calculation and the Set 
value or logic is compared to make judgment of discrepancy. 
If no discrepancy is found, process does end to repeat the 
Same Sequence. If discrepancy is found, related parameters 
are corrected at a Step of correction and writing to terminate 
Writing in the memory. By repeating this sequence, correc 
tion to feedback the discrepancy to Subsequent arithmetic 
operation with learning can be performed. 

0052 Here, discrepancy between the result of calculation 
and the Set value or logic means that, for example, it is 
natural logic to increase charge State during charging, dis 
crepancy is found when the charge State is decreased during 
charging. Also, it is Similarly the logic that the charge State 
is decreased during discharging, or charge State is not varied 
under the condition where influence of Self-discharge can be 
ignored during resting. If discrepancy is case to this, cor 
rection is effected. Then, matrixing of Such items may be 
performed to make discrepancy judgment with taking the 
matrix as discrepancy matrix. 

0053 While it is not possible to directly measure the state 
of the power Storage means, the foregoing obvious phenom 
enon or characteristics are taken as Set information to 
compare with the result of calculation. If discrepancy is 
found, the value of the Storage means and the input of the 
arithmetic means are corrected with learning. 

0054 By this, it becomes possible to realize the state 
detection System of the power Storage means which is high 
accuracy with lesser characteristic data to be used in arith 
metic operation and Simple in arithmetic operation, and a 
power Source unit employing the same. 

0055 FIG. 3 is a circuit diagram showing an equivalent 
circuit of the power storage means. In FIG. 3, the reference 
numeral 201 denotes an electromotive force (OCV), 302 
denotes an internal resistor (R), 303 denotes an impedance 
(Z), 304 denotes a capacitor component (C). There are 
illustrated a parallel connection pair of the impedance 303 
and the capacitor component 304 and a Series connection of 
the internal resistor 302 and the electromotive force 301. 
When a current I is applied to the power Storage means, a 
voltage (CCV) between the terminals of the power storage 
means is expressed by an equation (1). 

0056 wherein Vp is polarized voltage, Z and C are 
Voltages of the parallel connection pair. 



US 2003/O195719 A1 

0057. OCV is used for calculation of SOC or allowable 
charge and discharge current. In the condition where the 
power Storage means is charged and discharged, it is not 
possible to directly measure OCV. Therefore, OCV is 
derived by subtracting IR drop and Vp from CCV as 
expressed by the following equation (2). 

OCV-CCV-IR-Vp (2) 

0.058 FIG. 4 is a diagrammatic illustration showing 
SOC, an allowable charge current and allowable discharge 
current of the power Storage means. ASSociating with 
increase of SOC, the allowable discharge current is 
increased and allowable charge current is decreased. ASSum 
ing the maximum allowable Voltage of the power Storage 
means is Vmax and minimum allowable Voltage is Vmin, 
the allowable charge current Icmax and allowable discharge 
current Idmax are respectively expressed by the following 
equations (3) and (4). 

0059 wherein RZ is equivalent impedance of R, Z, C in 
FIG 3. 

0060 Accordingly, upon discrepancy is found in that 
overcharging or over discharging is detected upon charging 
and discharging at a current Smaller than or equal to Icmax 
and Idmax, the value of RZ is corrected. For example, RZ is 
increased by 1%. 
0061 FIG. 5 is a diagrammatic illustration showing 
variation of Voltage during charging by a pulse current of the 
power storage means. A curve of CCV shown by a solid line 
is risen from a charge start timing (A) and is abruptly drops 
at a charge terminating timing (B). Dropping is due to IR 
drop. Subsequently, CCV is decreased moderately to gradu 
ally approach to the set information of OCV shown by 
one-dotted line. A voltage variation in this period mainly 
corresponds to Vp. On the other hand, the set information of 
OCV not influenced by the IR drop or Vp is increased from 
A to B during charging but is not varied during a period 
between B where a current is 0A to D (under the condition 
where influence of Self-discharge or environmental tempera 
ture can be ignored). In contrast to this, the calculated value 
of OCV shown by broken line is not consistent with the set 
information of OCV, and shows moderately decreasing 
curve even from B to D. 

0062) When the equation (2) is used in calculation of 
OCV, R can be directly obtained by actually measuring CCV 
and I and expressed by the following equation (5) using 
variation amount dccV and dI in a short period. 

R=dCC Vid (5) 

0.063. Therefore, with the present invention, taking the 
fact that variation of OCV is OV at 0A as set value, for 
example, when the calculated value of OCV during this 
period is varied as shown in FIG. 5, Vp is corrected. 

0064 On the other hand, when SOC is derived from 
OCV, the set value or logic of SOC and the calculated value 
are also varied as shown in FIG. 5. Even in this case, it 
becomes possible to detect discrepancy of Vp. Then, after 
correction of Vp, it is fed back to Subsequent calculation. 
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0065 (Third Embodiment) 
0066. The table 1 is a table showing a relationship 
between variation of SOC of the present invention and 
correction amount of Vp. With taking a time Scale ast, and 
taking a timing where the current value becomes 0A as t=0, 
the correction amount of Vp is determined from variation of 
SOC at t<0 and variation of SOC at ta0. For example, if 
variation of SOC at t-O is increase and variation of SOC at 
td0 is also increase, Vp is decreased by 1%. 

TABLE 1. 

SOC Variation 
(t < 0) 

Soc Variation 
(t > 0, Current OA) Vp Correction 

Increase Increase -1% 
Increase Decrease +1% 
Decrease Increase +1% 
Decrease Decrease -1% 

0067. Then, these calculation is repeated for a plurality of 
times as time elapsed. By this, Vp gradually approaches to 
the Set value by learning effect. Namely,Vp is automatically 
tuned. 

0068 While the absolute value of the correction amount 
is uniform at 1% here, it is preferred that this value is 
optimized depending upon kind of the power Storage means, 
current pattern of the load, measurement error of the mea 
Suring means and So forth. On the other hand, as shown, it 
is preferred to apply Fuzzy theory for indicating direction of 
correction. 

0069. While state of the power storage means cannot be 
measured directly similarly to SOC or OCV, according to the 
present invention, the characteristics or normal phenomenon 
in the period where the current value is less than or equal to 
a predetermined value Set forth above as Set value or logic, 
the correction amount is derived by Fuzzy theory by com 
paring the result of calculation perse. This is fed back to the 
Subsequent calculation to repeat learning calculation. 

0070 Therefore, whenever calculation is repeated, pre 
cision can be improved. On the other hand, Since the 
individual difference of the initial characteristics, environ 
ment dependency, Secular change and So forth are automati 
cally tuned. Thus, these plurality of parameters and data of 
correction coefficient can be eliminated. 

0071 For example, in the foregoing example, Vp 
depends on complicate parameter, Such as individual differ 
ence or Secular change, and further individual difference of 
Secular change and So forth. Upon modeling and reproduc 
ing these parameters accurately for taking in calculation, it 
becomes necessary to obtain the initial characteristics, a 
plurality of parameters, data to require Substantial period and 
load. However, in the present invention, influence of these 
individual difference, Secular change and So forth are cal 
culated with learning under actual use environment, these 
parameters are not required. 

0.072 (Fourth Embodiment) 
0073 FIG. 6 is a constructional illustration of the power 
Source unit according to the present invention. In FIG. 6, the 
reference numeral 701 denotes a calculation procedure A, 
702 denotes a calculation procedure B, 703 denotes a 
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correction amount calculation procedure. The arithmetic 
means 104 shows a part of the calculation procedure, and the 
arithmetic means have the arithmetic procedure A and the 
arithmetic procedure B. 

0.074 For example, the calculation procedure A 701 is 
taken as arithmetic procedure of SOC (hereinafter referred 
to as SOCV) derived from OCV set forth above, and the 
calculation procedure B 702 is taken as calculation proce 
dure of SOC (hereinafter referred to as SOCi based on a 
current integration. In calculation of SOCi, the equation (6) 
is used. 

SOCi=SOCo+100xd I/O (6) 

0075 wherein SOCo is an initial value of SOC upon 
Starting of charging and discharging, d I is a various amount 
of the current integrated value, Q is a maximum chargeable 
charge amount (full capacity). ASSuming a charge efficiency 
of the power Storage means as c, an integrated charge current 
as Ic and an integrated discharge current as Id, d I is 
expressed by the following equation (7) 

d =cxlc-id (7) 

0.076 SOCi is Superior in indicating variation amount in 
a short period, namely response characteristics, for directly 
calculation the current. However, an absolute value is not 
always correct due to individual difference or Secular change 
of Q, influence of c or erroneous accumulation of current 
integrator. 

0077 On the other hand, SOCV can be calculated the 
absolute value with high precision by learning. However, it 
takes a little period in learning, response characteristics is 
relatively low in comparison with SOCi. Therefore, by the 
correction amount calculation procedure 703, variation of 
SOCV and SOCi in relatively long period is compared to 
derive the correction amount to correct the item of dI/O of 
the equation (6). On the other hand, SOCO is corrected with 
SOCV at arbitrary timing. 

0078. By this, it becomes possible to achieve both of 
response characteristics of SOCI and high precision calcu 
lation of SOCV. On the other hand, the correction amount is 
derived by comparing the results of calculation perse to feed 
back the results of calculation for Subsequent calculation to 
repeat learning calculation. Since precision can be 
improved. Furthermore, since the individual difference of Q, 
Secular change, influence of c and accumulation of error in 
the current integrator can be corrected by learning calcula 
tion based on SOCV, these correction parameters are not 
required. Accordingly, it becomes possible to eliminate 
Significant period and load spent for obtaining these param 
eters or data. 

0079. In addition, as the calculation procedure A 701, 
similar effect can be obtained using SOC calculated from the 
resistance of the power Storage means or SOC calculated 
from electrolyte concentration. 

0080 FIG. 7 is a diagrammatic illustration showing a 
relationship between OCV and SOC of the power storage 
means. Associating with increase of SOC, OCV is increased 
gradually. Such relationship of SOC and OCV is shown in 
many of power Storage means, Such as lithium Secondary 
battery, electric double layer capacitor and So forth. 
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0081) (Fifth Embodiment 
0082 In the shown embodiment, using the characteristics 
of the power storage means of FIG. 7, the maximum 
chargeable charge amount (full capacity)Q can be derived. 
For example, assuming that two different charge States are 
SOC1 and SOC2, residual capacity corresponding to these 
are Q1 and Q2 and current integrated value there between is 
dO (=d I), the following equations (8) to (11) are established: 

SOC1 = 100x Q 1 / Q (8) 

SOC2 = 100x O2 f Q (9) 

SOCI - SOC2 = 100x (O1 - O2)f O (10) 
= 100x dOf O 

Q = 100x dOf (SOC1 - SOC2) (11) 

0083. Thus, full capacity Q of the power storage means 
can be derived. Similarly, full capacity Q can be derived 
using SOC derived from the electrolyte concentration or 
internal resistor and the current integration value. 
0084. Then, by feeding back Q thus derived to the 
equation (6), influences of individual difference of Q and 
Secular change can be corrected to permit further precise 
State detection. On the other hand, correction parameter of 
the individual difference and Secular change becomes unnec 
essary to eliminate significant time and load required for 
obtaining parameters and data. 

0085 (Sixth Embodiment) 
0086 Table 2 is a table showing a relationship of the 
correction coefficient K of the full capacity Q relative to the 
initial capacity Q0 of the power Storage means. In this 
embodiment, a ratio between the initial capacity of the 
power Storage means Stored in the Storage means and the full 
capacity Q derived from the equation (11) is derived to 
obtain a correction coefficient K depending thereon. 

TABLE 2 

Of Oo 1.0 O.9 O.8 O.7 O6 0.5 
K 1.O. O.81 0.64 O.49 O.36 O.25 

0087. In general, the power storage means decreases the 
full capacity associating with Secular change. At the same 
time, the internal resistance is increased. A continuous 
charge and discharge period derived from the residual capac 
ity, allowable charge current and allowable discharge current 
derived from equations (3) and (4) and allowable heat 
generation amount (or cooling control) or allowable charge 
and discharge power and So forth have to be corrected the 
initial values depending upon Secular change. The foregoing 
correct coefficient is used for correction of these. Then, these 
values are preferably optimized depending upon the kind or 
System of the power Storage means. 

0088 As set forth above, with the present invention, 
influences of individual difference or Secular change of the 
continuous charge and discharge period, allowable charge 
current and allowable discharge current and allowable heat 
generation amount (or cooling control) or allowable charge 
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and discharge power and So forth is corrected to permit more 
precise State detection. On the other hand, these correction 
parameters becomes unnecessary. Accordingly, it becomes 
possible to eliminate significant period and load Spent for 
obtaining these parameters or data. 

0089 (Seventh Embodiment) 
0090 FIG. 8 is a constructional illustration of a photo 
Voltaic generation equipment, to which the State detection 
System and the power Source unit according to the present 
invention is applied. In FIG. 8, the reference numeral 1001 
denotes a commercial power Source, 1002 denotes a photo 
Voltaic generation equipment, 1003 denotes a load device, 
1004 denotes a control converter, 1005 denotes a Switch, 
1006 denotes a state detecting device and 1007 denotes a 
power Source unit. 
0091. The state detecting device 1006 is constructed with 
the measuring means 102, the Storage means 103, the 
arithmetic means 104, the communication means 105, the 
first correction means 106 and the Second correction means 
107. On the other hand, the power source unit 1007 is 
constructed with a Series connected circuit in which a 
plurality of power Storage means 101 connected in Series, 
and the state detecting device 1006. 

0092. Both ends of the series connected circuit of the 
power Storage means 101 is connected to the control con 
verter 1004. The control converter 1004 is further connected 
to the commercial power source 1001, the photovoltaic 
generation equipment 1002 and the load device 1003 via the 
Switches 1005 respectively. On the other hand, by a control 
of a main control unit (MCU) of the control converter 1004, 
the commercial power source 1001, the photovoltaic gen 
eration equipment 1002m the load device 1003 are switched 
by the Switches 1005. Also, a command from the state 
detection device 1005 is connected by bidirectional com 
munication between the communication means 105 and the 
MCU. 

0093. The photovoltaic generation equipment is an 
equipments to convert a Sun light into a direct current by 
Solar cells and to output an alternating current power by an 
inverter device. On the other hand, the load device 1003 is 
a household electric equipment, Such as an air conditioner, 
a refrigerator, an electronic oven, lighting and So forth, an 
electric equipment, Such as a motor, an elevator, a computer, 
a medical equipment and So forth, or a Secondary power 
Source unit. Then, the control converter 1004 is a charge and 
discharge device which converts the alternating current 
power into the direct current power or converts the direct 
current power into the alternating current power, and also 
Serves as a controller for controlling charge and discharge 
and controlling the equipments, Such as the photovoltaic 
generation equipment 1002, the load device 1003 and so 
forth. 

0094. Here, these equipment may incorporate the Switch 
1005 therein. On the other hand, the power source unit 
according to the present invention mat take connection other 
than those illustrated herein. With the shown embodiments, 
when a sufficient power required by the load device 1003 
cannot be supplied from the commercial power source 1001 
or the photovoltaic generation equipment 1002, the power is 
Supplied from the power Storage means 101 via the control 
converter 1004. On the other hand, when power supply from 
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the commercial power source 1001 or the photovoltaic 
generation equipment 1002 becomes excessive, the exces 
Sive power is Stored in the power Storage means 101 via the 
control converter 1004. 

0095. During these operation, the state detecting device 
1007 may detect state of the power storage means 101 by 
each of the first to the sixth embodiments or the combination 
thereof. For combination of these, Syllogism is applied. On 
the other hand, the result of state detection is fed to the 
control converter 1004 as a control amount for state or 
allowable charge and discharge current and So forth of the 
power storage means 101. The control converter 1004 
controls charging and discharging depending thereon. Par 
ticularly, since the state detection device 1007 can perform 
high precision State detection, the power Storage means 101 
can be used safely and effectively. 
0096. On the other hand, in the embodiment shown, it 
becomes possible to lower contract demand or power con 
Sumption of the commercial power source 1001 and to lower 
rated power to be generated by the photovoltaic generation 
equipment 1002 to permit reduction of investment or run 
ning cost. When power consumption is concentrated to a 
certain time Zone, the power is Supplied to the commercial 
power source 1001 from the power source unit, and during 
a time Zone where power consumption is Small, power is 
accumulated in the power Source unit to absorb concentra 
tion of power consumption and to equalize power consump 
tion. 

0097. Furthermore, the control converter 1004 monitors 
power consumption of the load device 1003 and controls the 
load device 1003. Therefore, power saving and effective use 
of the power can be achieved. As set forth above, with the 
shown embodiment, the State detection method, the State 
detection System of the power Storage means in high preci 
Sion and with Smaller number of characteristic data to be 
used for calculation, and the power Source unit, distribution 
type power Storage device employing the same can be 
realized. 

0.098 (Eighth Embodiment) 
0099 FIG. 9 is a constructional illustration showing an 
embodiment of an electric Vehicle, to which the State detec 
tion System and the power Source unit according to the 
present invention is applied. In FIG. 9, the reference 
numeral 1101 denotes a motor generator, 1102 denotes a 
direct current load device. The motor generator 1101 is 
connected to the Series connected circuit of a plurality of 
power storage means 101 via the control converter 1004. 
The motor generator 1101 is directly coupled with a wheel 
in case of the electric Vehicle. In case of a hybrid electric 
vehicle, an internal combustion engine is further coupled for 
assisting start-up or driving force (power running) and 
generation (re-generation). During power running, power is 
supplied from the power source unit 1007 to the motor 
generator 1101. During re-generation, power is Supplied 
from the power generator 1101 to the power source unit 
1007. 

0100. On the other hand, the direct current load device 
1102 is an electric load, Such as electromagnetic Vale, audio 
unit and So forth, or the Secondary power Source unit. The 
direct current load device 1102 is connected to the series 
connected circuit of the power Storage means via the Switch 
1005. 
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0101 Even in the shown embodiment, the state detection 
device 1007 may employ respective of the first to sixth 
embodiment or combination thereof. Via the communication 
means, State of the power Storage means 101 or control 
amount of the allowable charge and discharge current or the 
like is fed to the control converter 1004 So that the control 
converter 1004 may control charging and discharging 
depending thereon. Particularly, Since the State detection 
device 1007 may perform state detection with high preci 
Sion, the power Storage means 101 may be used safely and 
effectively. 

0102. By this, the hybrid electric vehicle which can assist 
to a torque of the internal combustion engine upon Star 
running and can accumulate kinetic energy by converting 
into electric power, can be realized. 
0103 With the present invention, by performing correc 
tion with feeding back the correction information obtained 
by predetermined arithmetic operation for the Subsequent 
calculation and Storage information for calculation, it 
becomes possible to provide the State detection System 
which can detect State, Such as State of charge or State of 
health of the power Storage means with high precision even 
when amount of characteristic data to be used for calculation 
is Small, the power Source unit, power Storage device and 
electric Vehicle employing the Same. 
What is claimed is: 

1. A State detecting System comprising: 
a Storage means for Storing a characteristic data on a 
power Storage means arithmetically obtained on the 
basis of measured information obtained by measuring a 
measuring object with respect to Said power Storage 
means by a measuring means, calculation information 
relating to Saidarithmetic operation of Said data, and Set 
information preliminarily Set relating to Said character 
istic data and Said calculation information; 

an arithmetic means for calculating State information 
indicative of State of Said power Storage means on the 
basis of Said measured information and Set information 
and calculating correction information for performing 
correction by comparing a calculation result calculated 
and Said Set information; and 

a first correcting means for correcting input of Said 
arithmetic means on the basis of correction information 
obtained by Saidarithmetic means, or a Second correct 
ing means for correcting information Stored or Set in 
Storage means based on correction information 
obtained by Said arithmetic means. 

2. A State detecting System as claimed in claim 1, wherein 
when a current value in Said power Storage means is 

Smaller than or equal to a predetermined value, one of 
a measured value by Said measuring means, Said result 
of calculation and a calculation procedure of Said 
arithmetic means is taken as Said Set information to 
derive Said correction information. 

3. A State detecting System as claimed in claim 1, wherein 
Said Storage means Stores more than or equal to two 

mutually distinct calculation procedures, and 
Said correction information is derived on the basis of a 

difference of results of calculation by mutually distinct 
calculation procedure by Said arithmetic means. 
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4. A State detecting System as claimed in claim 1, wherein 
Said arithmetic means has a charge State calculating 
means and a current integration means, a capacity of 
Said power Storage means on use is calculated on the 
basis of two mutually different charge States and 
respective current integrated values. 

5. A State detecting System as claimed in claim 1, wherein 
Said correction information is derived on the basis of 

relationship a capacity of Said power Storage means in 
use and an initial capacity of Said power Storage means 
Stored in Said Storage means. 

6. A State detecting System as claimed in claim 1, wherein 
Said correction information is derived on the basis of 

difference between variation amounts of a current inte 
grated value of Said power Storage. 

7. A State detecting System comprising: 

a storage means for Storing a characteristic data on a to a 
power Storage means arithmetically obtained on the 
basis of the measured information obtained by measur 
ing a measuring object with respect to Said power 
Storage means by measuring means, calculation infor 
mation relating to Said arithmetic operation of Said 
data, and Set information preliminarily Set relating to 
Said characteristic data and Said calculation informa 
tion, 

an arithmetic means for calculating State information 
indicative of State of Said power storage means on the 
basis of Said measured information and Set information 
and calculating correction information for performing 
correction by comparing a calculation result calculated 
and Said Set information, 

Said Storage means Storing more than or equal two of 
mutually different calculation procedures and Said 
arithmetic means deriving Said correction information 
on the basis of a difference of calculation results by said 
mutually different calculation procedure. 

8. A State detecting System comprising: 

a Storage means for Storing a characteristic data on a 
power Storage means arithmetically obtained on the 
basis of the measured information obtained by measur 
ing a measuring object with respect to Said power 
Storage means by a measuring means, calculation infor 
mation relating to Said arithmetic operation of Said 
data, and Set information preliminarily Set relating to 
Said characteristic data and Said calculation informa 
tion; and 

an arithmetic means for calculating State information 
indicative of State of Said power Storage means on the 
basis of Said measured information and Set information 
and calculating correction information for performing 
correction by comparing a calculation result calculated 
and Said Set information; 

Said arithmetic means having a charge State calculating 
means and current integration means of Said power 
Storage means, and calculating capacity of Said power 
Storage means on use on the basis of two different 
charge State and respective current integration values 
thereat. 
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9. A State detecting System comprising: 

a Storage means for Storing a characteristic data on a 
power Storage means arithmetically obtained on the 
basis of the measured information obtained by measur 
ing a measuring object with respect to Said power 
Storage means by a measuring means, calculation infor 
mation relating to Said arithmetic operation of Said 
data, and Set information preliminarily Set relating to 
Said characteristic data and Said calculation informa 
tion, and 

an arithmetic means for calculating State information 
indicative of State of Said power Storage means on the 
basis of Said measured information and Set information 
and calculating correction information for performing 
correction by comparing a calculation result calculated 
and Said Set information, 

Said correction information being derived on the basis of 
relationship a capacity of Said power Storage means in 
use and an initial capacity of Said power Storage means 
Stored in Said Storage means. 

10. A State detecting System comprising: 

a Storage means for Storing a characteristic data on a 
power Storage means arithmetically obtained on the 
basis of the measured information obtained by measur 
ing a measuring object with respect to Said power 
Storage means by a measuring means, calculation infor 
mation relating to Said arithmetic operation of Said 
data, and Set information preliminarily Set relating to 
Said characteristic data and Said calculation informa 
tion; and 

an arithmetic means for calculating State information 
indicative of State of Said power Storage means on the 
basis of Said measured information and Set information 
and calculating correction information for performing 
correction by comparing a calculation result calculated 
and Said Set information; 

Said correction information being derived on the basis of 
difference between a variation amount of a current 
integrated value of Said power Storage. 

11. A State detecting System as claimed in claim 1, 
wherein 

Said measured information is at least one of Voltage, 
current, temperature, resistance and electrolyte concen 
tration. 

12. A State detecting System as claimed in claim 1, 
wherein 

Said calculation information is at least one of calculation 
coefficient and calculation procedure. 

13. A State detecting System as claimed in claim 1, 
wherein 

Said Set information is at least one of a value Set as a State 
which should be in normal condition in said power 
Storage means, arithmetic expression and calculation 
procedure. 

14. A State detecting System as claimed in claim 1, 
wherein 

Said State information is at least one of charge State and 
residual capacity of Said power Storage means. 
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15. A State detecting System as claimed in claim 1, which 
further comprises communication means for communicating 
the calculation result obtained from Saidarithmetic means to 
other device. 

16. A power Source unit comprising: 
a power Storage means, 

a measuring means for measuring at least one of Voltage, 
current, temperature, electric resistance and electrolyte 
concentration; and 

a State detecting System for deriving State information of 
Said power Storage means on the basis of measured 
information measured by Said measuring means, 

Said State detecting System comprising State detecting 
System defined in claim 1. 

17. A power Storage device comprising: 

a commercial power Source connected to a Switch; 
a photovoltaic generation device connected to Said com 

mercial power Source Via Said Switch; 
a load device connected to Said photovoltaic generation 

device via a Switch; 

a control converter controlling power of Said commercial 
power Source and Said photovoltaic generation device 
and connected to Said Switch of Said commercial power 
Source Via a Switch; 

a control unit commanding Switching of Said Switch of 
Said commercial power Source and Said Switch of Said 
control converter and commanding Said power; 

power Storage means connected to Said control converter; 
a measuring means for measuring at least one of Voltage, 

current, temperature, electric resistance and electrolyte 
concentration; and 

a State detecting System for deriving State information of 
Said power Storage means on the basis of measured 
information measured by Said measuring means, 

Said State detecting System comprising the State detecting 
System defined in claim 1. 

18. An electric Vehicle comprising: 
a motor for driving wheel and a generator for generating 

an electric power by the revolution of Said wheel, or a 
motor generator for driving Said wheel and for gener 
ating an electric power by the revolution of Said wheel; 

a control converter connected to Said motor and Said 
generator or Said motor generator, for converting the 
electric power thereof; 

a control unit for instructing Said power of Said control 
converter, 

a power Storage means connected to Said control con 
Verter, 

a measuring means for measuring at least one of Voltage; 
current, temperature, electric resistance and electrolyte 
concentration; and 
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a State detecting System deriving State information of Said 
power Storage means on the basis of measured infor 
mation measured by Said measuring means, 

Said State detecting System comprising the State detecting 
System defined in claim 1, and 

Said control unit being controlled by a communication 
CS. 

19. A hybrid vehicle comprising: 
an internal combustion engine; 
a motor connected to Said engine, for assisting the driving 

force for wheels and a generator for generating an 
electric power by revolution of Said wheels, or a 
motor-generator connected to Said engine, for assisting 
the driving force and for generating the electric power; 

a control converter connected to Said motor and Said 
generator or to Said motor generator, for converting the 
electric power thereof; 
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a control unit for commanding the electric power of Said 
control converter; 

a power Storage means connected to Said control con 
Verter, 

a measuring means for measuring at least one of Voltage; 
current, temperature, electric resistance and electrolyte 
concentration, and a State detecting System for deriving 
State information of Said power Storage means on the 
basis of the measured information measured by Said 
measuring means, 

Said State detecting System comprising State detecting 
System defined in claim 1, and 

Said control unit being controlled by a communication 
CS. 


