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(57) Abstract: A system includes a learning data input unit for receiving initial and long term characteristic learning data of a
battery to be a learning object; a measurement data input unit for receiving initial characteristic measurement data of a battery to be
an object for long term characteristic estimation; an artificial neural network operation unit for converting the learning data into first
and second data structures, allowing an artificial neural network to learn the learning data based on each data structure, converting the
measurement data into first and second data structures, and individually applying the learned artificial neural network corresponding
to each data structure to calculate and output long term characteristic estimation data based on each data structure; and a long term
characteristic evaluation unit for calculating an error of the estimation data of each data structure and determining reliability of the

estimation data depending on error.
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Description
SYSTEM AND METHOD FOR ESTIMATING LONG TERM

CHARACTERISTICS OF BATTERY
Technical Field

The present invention relates to system and method for estimating long term charac-
teristics of a battery, and more particularly to system and method for estimating long

term characteristics of a battery based on initial characteristics of the battery.

Background Art

A battery exhibits decreased capacity and performance as its usage is increased.
Thus, it is very important to design a battery such that its long term characteristics are
maintained though it is used for a long time. The long term characteristics may be a
charging capacity, a discharging capacity, a thickness and an open circuit voltage of a
battery, as examples.

The long term characteristics of a battery are measured based on a cycle charging/
discharging process. In the cycle charging/discharging process, a certain number of
batteries are sampled from a produced battery lot, and then the sampled batteries are
successively charged/discharged. If long term characteristics of the sampled batteries
satisfy certain criteria at predetermined long term cycles, the corresponding battery lot
is considered as being successful. For example, the corresponding battery lot is
considered as being successful when a discharging capacity at 3V is 75% or above of
an initial capacity at 300 cycle (300 time charging/discharging).

However, a long time is consumed for estimating long term characteristics of a
battery. For example, a charging/discharging process of 300 cycles takes a long time of
about 3 months. Thus, in order to measure long term characteristics of a battery based
on the cycle charging/discharging process, shipment of batteries is delayed during the
time for the charging/discharging process, thereby increasing burdens in stockpile.

Thus, in a conventional case, if one lot of batteries is produced, a certain number of
batteries are sampled and then the batteries are shipped instantly, and then long term
characteristics of the sampled batteries are evaluated to take suitable measures
afterward, which is called 'post-shipment evaluation'. If any problem is discovered as a
result of evaluation of long term characteristics after batteries are shipped, the battery
lot corresponding to the sampled batteries is determined as having bad long term char-
acteristics. After that, the shipped batteries are called back, and a countermeasure for
removing a factor of such inferiority of long term characteristics is studied and then
taken to a battery production process. However, such a post-shipment evaluation

method shows the following problems.
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First, in case any specific battery lot is determined as being bad, an economic cost

(e.g., a distribution cost) is consumed in retrieving batteries of the corresponding lot.
Second, in case a battery having bad long term characteristics is sold to an end user,

it is substantially impossible to take a measure to the battery, for example to retrieve
the battery.

Third, in case it is determined that a defect exists in a production process as a result
of analysis of inferior long characteristics, long term characteristics of all batteries
produced by the same production process become in question, so loss of a manu-
facturer is increased as much.

Fourth, if a battery with bad long term characteristics is sold and used in an
electronic product, a feeling of satisfaction for the battery is deteriorated, so reliability
of a battery manufacturer and a seller is also deteriorated.

Thus, there is an urgent need to a scheme capable of reliably estimating long term

characteristics of batteries in the related art before the batteries are shipped.
Disclosure of Invention

Technical Problem

The present invention is designed to solve the problems of the prior art, and therefore
it is an object of the present invention to provide system and method for estimating
long term characteristics of a battery, which enables fast inferiority determination by
estimating long term characteristics of a battery based on its initial characteristics, and
further enables total inspection of the battery by using characteristics measured by all
batteries, for example a charge data at an activation process.
Technical Solution

In order to accomplish the above object, the present invention provides a system for
estimating long term characteristics of a battery, comprising: a learning data input unit
for receiving initial characteristic learning data and long term characteristic learning
data of a battery to be a learning object; a measurement data input unit for receiving
initial characteristic measurement data of a battery to be an object for estimation of
long term characteristics; an artificial neural network operation unit for converting the
initial characteristic learning data and the long term characteristic learning data into
first and second data structures, allowing an artificial neural network to learn the initial
characteristic learning data and the long term characteristic learning data based on each
data structure, converting the input initial characteristic measurement data into first and
second data structures, and individually applying the learned artificial neural network
corresponding to each data structure to calculate and output long term characteristic es-
timation data based on each data structure; and a long term characteristic evaluation

unit for calculating an error of the output long term characteristic estimation data of
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each data structure and determining reliability of the long term characteristic es-
timation data depending on the error.

Preferably, the learned artificial neural network based on each data structure has at
least one neuron layer arranged in series. The neuron layer converts an input vector
into an output vector. At this time, a bias vector and a weight matrix calculated by the
learning of the artificial neural network are reflected on the input vector, the input
vector on which the bias vector and the weight matrix are reflected is processed by a
neuron transfer function, and then result of the neuron transfer function is output as an
output vector. In the serial arrangement of the neuron layer, the first neuron layer has
an input vector composed of initial characteristic measurement data. Also, an output
vector of the last neuron layer is a long term characteristic estimation vector.

Preferably, wherein the data relating to initial characteristics includes a charging
characteristic variation data of a battery, measured in a battery activating process; or a
charging characteristic variation data, a discharging characteristic variation data, a
thickness variation data, or an open circuit voltage variation data of a battery, obtained
by measurement of initial cycle characteristics. Also, the data relating to long term
characteristics includes a charging characteristic variation data, a discharging charac-
teristic variation data, a thickness variation data, or an open circuit voltage variation
data of a battery at predetermined long term cycles.

The system according to the present invention may further include an initial charac-
teristic measurement sensor for measuring a charging characteristic of a battery put
into an activating process and then outputting the measured charging characteristic as
an initial characteristic measurement data, and the measurement data input unit may
receive the initial characteristic measurement data from the initial characteristic mea-
surement sensor.

The system according to the present invention may further include a display for
receiving the long term characteristic estimation data calculated based on each data
structure from the artificial neural network operation unit to display the long term char-
acteristic estimation data in a graphic-user interface through a display device.

In the present invention, in case the error is less than a criterion value, the long term
characteristic evaluation unit determines any one of the long term characteristic es-
timation data calculated based on each data structure or average data of the long term
characteristic estimation data as a long term characteristic estimation data, and then
outputs the long term characteristic estimation data.

Preferably, the long term characteristic evaluation unit determines long term charac-
teristic quality of the battery by comparing the determined long term characteristic es-
timation data with a criterion long term characteristic data, and the long term charac-

teristic evaluation unit outputs a long term characteristic quality determination result of
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the battery in a graphic-user interface through a display device.
In another aspect of the present invention, there is also provided a method for es-

timating long term characteristics of a battery, comprising: receiving initial charac-
teristic learning data and long term characteristic learning data of a battery to be a
learning object; converting the received initial characteristic learning data and the
received long term characteristic learning data into first and second data structures and
then individually allowing an artificial neural network to learn based on each data
structure; receiving initial characteristic measurement data of a battery to be an object
for estimation of long term characteristics; converting the received initial characteristic
measurement data into first and second data structures, then applying the learned ar-
tificial neural network corresponding to each data structure thereto, and then cal-
culating and outputting long term characteristic estimation data based on each data
structure; and calculating an error of the output long term characteristic estimation data
based on each data structure and then determining reliability of the long term charac-
teristic estimation data depending on the error.

Brief Description of the Drawings

Other objects and aspects of the present invention will become apparent from the
following description of embodiments with reference to the accompanying drawing in
which:

FIG. 1 is a block diagram showing a system for estimating long term characteristics
of a battery according to a first embodiment of the present invention;

FIG. 2 is a block diagram showing an artificial neural network structure having a
learning ability by an artificial neural network operation unit according to an em-
bodiment of the present invention;

FIG. 3 is a schematic view showing a case that initial characteristic learning data and
long term characteristic learning data are defined in a first data structure;

FIG. 4 is a schematic view showing a case that initial characteristic learning data and
long term characteristic learning data are defined in a second data structure;

FIG. 5 is a block diagram showing a system for estimating long term characteristics
of a battery according to a second embodiment of the present invention;

FIG. 6 is a schematic flowchart illustrating an operation sequence of the system for
estimating long term characteristic of a battery according to the first embodiment of
the present invention;

FIG. 7 is a schematic flowchart illustrating an operation sequence of the system for
estimating long term characteristic of a battery according to the second embodiment of
the present invention; and

FIG. 8 is a block diagram showing an inner configuration of a general-purpose
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computer adoptable in executing an operation method for the system for estimating
long term characteristic of a battery according to the present invention.
Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Prior to the description, it should
be understood that the terms used in the specification and the appended claims should
not be construed as limited to general and dictionary meanings, but interpreted based
on the meanings and concepts corresponding to technical aspects of the present
invention on the basis of the principle that the inventor is allowed to define terms ap-
propriately for the best explanation. Therefore, the description proposed herein is just a
preferable example for the purpose of illustrations only, not intended to limit the scope
of the invention, so it should be understood that other equivalents and modifications
could be made thereto without departing from the spirit and scope of the invention.

FIG. 1 is a block diagram showing a system for estimating long term characteristics
of a battery according to a first embodiment of the present invention.

Referring to FIG. 1, the system for estimating long term characteristics of a battery
according to the present invention is implemented by a general-purpose computer,
which includes a learning data input unit 10 for receiving initial characteristic learning
data P, and long term characteristic learning data T, of a battery to be a learning object;
a measurement data input unit 20 for receiving initial characteristic measurement data
P, of a battery to be an object for estimation of long term characteristics; and an ar-
tificial neural network operation unit 30 for receiving the initial characteristic learning
data P, and the long term characteristic learning data T, from the learning data input
unit 10 to allow an artificial neural network to learn a correlation of both learning data,
receiving the initial characteristic measurement data P,, from the measurement data
input unit 20 and applying the learned artificial neural network thereto, and thus cal-
culating long term characteristic estimation data T, from the initial characteristic mea-
surement data of the battery and outputting the long term characteristic estimation data
Te.

The learning data input unit 10 and the measurement data input unit 20 are interfaces
to receive various data required for learning of the artificial neural network and cal-
culation of long term characteristic estimation data.

The learning data input unit 10 gives a user interface having a standardized template
that designates a medium file on a computer recording initial characteristic learning
data and long term characteristic learning data according to a predetermined protocol
or allows a user to directly register initial characteristic learning data and long term

characteristic learning data, so the learning data input unit 10 may receive initial char-
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acteristic learning data and long term characteristic learning data.

In addition, the measurement data input unit 20 gives a user interface having a stan-
dardized template that designates a medium file on a computer recording initial charac-
teristic measurement data according to a predetermined protocol or allows a user to
directly register initial characteristic measurement data, similarly to the learning data
input unit 10, so the measurement data input unit 20 may receive initial characteristic
measurement data.

The initial characteristic learning data and the long term characteristic learning data
are obtained through a cycle charging/discharging process of a plurality of batteries
designated as learning objects. The cycle charging/discharging process means
repeating a process of periodically charging and discharging a battery to a certain
cycle. One cycle means one charging and one discharging.

The initial characteristic learning data is a characteristic data of a battery to be a
learning object, obtained at a cycle conducted in an opening part of the cycle charging/
discharging process. Here, the number of cycles at which the initial characteristic
learning data is obtained may be changed as desired. For example, the initial charac-
teristic learning data may be a charging characteristic variation data of a battery, a dis-
charging characteristic variation data, a thickness variation data or an open circuit
voltage variation data, obtained during 1 to 10 cycles. Here, the charging characteristic
is a charging current, a charging voltage or a charging capacity of a battery, and the
discharging characteristic is a discharging current, a discharging voltage or a dis-
charging capacity of a battery. However, the present invention is not limited thereto.
Thus, it should be understood that any parameter capable of defining a charging char-
acteristic or a discharging characteristic of a battery can be included in the scope of
parameter defining the charging/discharging characteristic.

The initial characteristic learning data is a data relating to battery charging charac-
teristic, battery discharging characteristic, battery thickness or battery open circuit
voltage, so it is configured as an aggregation of at least two data. For example, if the
initial characteristic learning data is configured using a charging capacity variation
data of each charging voltage or each charging time for a battery, obtained through a
charging/discharging process of 1 to 10 cycles, the initial characteristic learning data
includes 10 sets of charging capacity variation data, and the charging capacity
variation data of each set includes a plurality of charging capacity values corre-
sponding to a plurality of measurement voltages and measurement times. Here, the
measurement voltage and the measurement time for measurement of charging capacity
are determined in advance.

The long term characteristic learning data is a charging characteristic variation data, a

discharging characteristic variation data, a thickness variation data or an open circuit
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voltage variation data of a battery, obtained at a cycle conducted in a latter part of the
cycle charging/discharging process. Here, the charging characteristic is a charging
current, a charging voltage or a charging capacity of a battery, and the discharging
characteristic is a discharging current, a discharging voltage or a discharging capacity
of a battery. However, the present invention is not limited thereto. Thus, it should be
understood that any parameter capable of defining a charging characteristic or a dis-
charging characteristic of a battery can be included in the scope of parameter defining
the charging/discharging characteristic. The number of cycles conducted in the latter
part is determined depending on the long term characteristic specification of a battery,
demanded by clients, and it may be 300 as an example. However, the present invention
is not limited to a specific number of cycles at which the long term characteristic
learning data is obtained.

The long term characteristic learning data is a data relating to battery charging char-
acteristic, battery discharging characteristic, battery thickness or battery open circuit
voltage, so it is configured as an aggregation of at least two data, similarly to the initial
characteristic learning data. For example, if the long term characteristic learning data is
configured using a charging capacity variation data of each charging voltage or each
charging time for a battery, obtained through a charging/discharging process of 300
cycles, the long term characteristic learning data includes a plurality of charging
capacity values corresponding to a plurality of charging voltages and charging times,
obtained during the battery charging process of 300 cycles. Here, the charging voltage
and the charging time for measurement of charging capacity are determined in
advance, and they are identical to the charging voltage or the measurement time at
which the initial characteristic learning data is obtained.

Meanwhile, the parameter relating to initial characteristics and long term charac-
teristics of a battery are not limited to the above in the present invention, and it is
apparent to those having ordinary skill in the art that any characteristic recognizable as
a characteristic of a battery should be interpreted as being included in the scope of the
initial characteristic learning data and the long term characteristic learning data.

The initial characteristic measurement data is an initial characteristic data directly
measured from a battery whose long term characteristic will be evaluated using a cycle
charging/discharging process, and attribute and kind of the data are substantially
identical to those of the initial characteristic learning data. That is to say, the initial
characteristic measurement data is a characteristic data of a battery, obtained at cycles
in an opening part of the cycle charging/discharging process, for example charging
characteristic variation data, discharging characteristic variation data, thickness
variation data or open circuit voltage variation data of a battery obtained for 1 to 10

cycles.
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The long term characteristic estimation data is a data calculated by the artificial
neural network operation unit 30, and it is not an actually measured data by the cycle
charging/discharging process but an estimated data by the artificial neural network.
Attribute and kind of the long term characteristic estimation data are substantially
identical to those of the long term characteristic learning data. That is to say, the long
term characteristic estimation data is charging characteristic variation data, discharging
characteristic variation data, thickness variation data or open circuit voltage variation
data of a battery estimated for 300 cycles, as an example.

FIG. 2 is a block diagram showing an artificial neural network having a learning
ability by the artificial neural network operation unit 30 according to an embodiment
of the present invention.

Referring to FIG. 2, the artificial neural network having a learning ability by the ar-
tificial neural network operation unit 30 includes an arrangement of neuron layers
(layerl, layer2, layer3) connected in series. In the figure, three neuron layers are
arranged, but the present invention is not limited to the number of neuron layers. For
the convenience, the neuron layers (layerl, layer2, layer3) will be called a first neuron
layer, a second neuron layer and a third neuron layer, respectively.

The artificial neural network operation unit 30 receives initial characteristic mea-
surement data P, from the measurement data input unit 20 and converts it into an

initial characteristic measurement vector

V=
, and then inputs it to the first neuron layer (layerl). Here, the initial characteristic
measurement vector has a dimension of R row X 1 column. R is the number of unit
data included in the initial characteristic measurement data. For example, assuming
that the initial characteristic measurement data is a charging capacity variation data of
a battery measured at regular intervals in a charging/discharging process of 1 to 10
cycles and the number of charging capacity data obtained at each cycle is 20, R is
'20x10=100'. In this case, the initial characteristic measurement vector
V=
has a dimension of 100 rows x 1 column, and 1 to 20 rows, 21 to 40 rows, 41 to 60
rows, ..., 181 to 200 rows respectively designate charging capacity variation data of 1
cycle, 2 cycle, 3 cycle, ..., 10 cycle.

In the first neuron layer (layerl), the initial characteristic measurement vector

P
is multiplied by a weight that is an element of a weight matrix W', and also added by

a bias value that is an element of a bias vector

b 1
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. A result at this time, namely an intermediate result
P
, is calculated into a result vector
Gl
of the corresponding layer by a neuron transfer function f', and then output as a second
neuron layer (layer2). The following equation 1 represents a numerical formula

regarding the first neuron layer (layerl).

Equation 1

1

= fI(W!

a

The operation method of the above first neuron layer (layerl) is identically applied to
a second neuron layer (layer2) and a third neuron layer (layer3). However, an input
vector input to each layer is an output vector of a last layer. The operation methods
applied to the second neuron layer (layer2) and the third neuron layer (layer3) are re-

spectively as follows.

Equation 2

— 2
a

—f2(W?

Equation 3
a 3
=f3(W?3

- 2



10

WO 2009/035288 PCT/KR2008/005403
}; 3
)
[58]
[59] In the equations 1 to 3, the weight vectors W!, W2 and W3 respectively have di-

[60]

mensions of S row x 1 column, S row x S column and S row x S column, and the bias

vector

have a dimension of S row x 1 column. Here, S is the number of rows in a final
output vector
PE

calculated by the artificial neural network. The number of rows in the final output
vector
PR

is identical to the number of unit data included in the long term characteristic es-
timation data.

In the present invention, the learning of the artificial neural network means obtaining

weight matrixes W!, W2 and W? and bias vectors

so as to minimize or optimize a difference between the final output vector
a 3
and the long term characteristic learning vector

T

I3
obtained by vectorizing the long term characteristic learning data T.. For this
purpose, the artificial neural network operation unit 30 uses an initial characteristic

learning vector

P

t
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and a long term characteristic learning vector

T

{

, obtained by vectorizing the initial characteristic learning data P, and the long term
characteristic learning data T..

For example, assuming that the R/k number of initial characteristic data per each
cycle are obtained during k cycles for the N number of batteries to be learning objects
and then used as initial characteristic learning data and the S number of long term char-
acteristic data in total are obtained for 300 cycles and then used as long term charac-

teristic learning data, weight matrixes W!, W2 and W* and bias vectors

are obtained by allowing learning of the artificial neural network using

P

t

= (P1, P2se--»Px ) [R row X N column, py, ps,...,px are column vectors] and

T

= (1, t,..0otn) [S Tow X N column, t,, t,,...,ty are column vectors].

Here, the techniques relating to artificial neural network learning are well known in
the related art. For example, Jure Zupan, Johann Gasteiger, "Neural Networks in
Chemistry and Drug Design", 2 Edition(Weinheim; New York; Chichester; Brisbane;
Singapore; Toronto: Wiley-VCH, 1999) discloses a method for calculating a weight

matrix W and a bias vector

bH
by means of a correlation between input data and output data. Thus, a detailed

learning algorithm of the artificial neural network using

P

t

and

T

{

is not explained in detail here..
The neuron transfer function f is a known transfer function in the field of artificial
neural network. For example, Compet, Hard-limit, Symmetric Hard-Limit, Log-

Sigmoid, Positive Linear, Linear, Radial Basis, Satlin, Satlins, Softmax, Tan-Sigmoid,
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Triangular Basis, and Netinv transfer functions may be adopted as the neuron transfer
function f. However, the present invention is not limited thereto.

Referring to FIG. 1 again, if the final output vector
PE
is calculated by the artificial neural network, the artificial neural network operation
unit 30 outputs the final output vector (this vector is corresponding to a long term char-
acteristic estimation vector) as a long term characteristic estimation data of the battery.
Then, a display 40 receives the long term characteristic estimation data and displays
the long term characteristic estimation data in a graphic-user interface through a
display device. For example, if the long term characteristic estimation data is a
charging capacity variation data of a battery according to a charging time or a charging
voltage for 300 cycles, the display 40 may output the charging capacity variation data
of the battery, estimated for 300 cycles, in the form of graphic through the display
device. In this case, though the cycle charging/discharging process is not conducted up
to 300 cycles, the long term characteristics of the battery may be easily estimated.

In another embodiment, if the final output vector
PE

is calculated by the artificial neural network, the artificial neural network operation
unit 30 may output the final output vector to a long term characteristic evaluation unit
50 that evaluates long term characteristics of a battery. Then, the long term charac-
teristic evaluation unit 50 compares the long term characteristic estimation data
calculated by the artificial neural network with a predetermined criterion long term
characteristic data, and then, if its error is great over a threshold value, the long term
characteristic evaluation unit 50 determines that the battery has bad long term charac-
teristics. In this case, the long term characteristic evaluation unit 50 determines that the
corresponding battery is inferior in aspect of long term characteristics, and then it may
display the result in a graphic-user interface through the display device.

For example, if the long term characteristic estimation data is relating to a charging
capacity of each charging time or charging voltage of a battery, estimated for 300
cycles, the long term characteristic evaluation unit 50 may determine that long term
characteristic of the corresponding battery is excellent only when the charging capacity
estimated by the artificial neural network is greater than a predetermined criterion
charging capacity of each charging time or voltage. However, the present invention is
not limited thereto in determining excellence of long term characteristics of a battery.

Meanwhile, if the initial characteristic measurement data is out of the range of initial
characteristic learning data used for learning of the artificial neural network, the re-

liability of the long term characteristic estimation data calculated by the artificial
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neural network is deteriorated.

In order to solve this problem, in another embodiment of the present invention, data
structures of initial characteristic learning data and long term characteristic learning
data are defined differently such that the learning of the artificial neural network is dif-
ferently conducted for each data structure.

FIG. 3 shows a case that initial characteristic learning data and long term charac-
teristic learning data are defined in a first data structure, and FIG. 4 shows a case that
initial characteristic learning data and long term characteristic learning data are defined
in a second data structure, respectively.

Referring to the first data structure of FIG. 3, initial characteristic learning data of the
same cycle obtained for the N number of batteries to be learning objects are arranged
in a lateral direction. For example, in a first row of the initial characteristic learning
data, initial characteristic learning data obtained in a charging/discharging process of 1
cycle for battery 1 to battery N are positioned. The other rows are arranged in the same
way. Also, in a first row of the long term characteristic learning data, long term charac-
teristic learning data obtained in a charging/discharging process of 300 cycles for
battery 1 to battery N are positioned. Here, the range or number of cycles at which the
initial characteristic learning data and the long term characteristic learning data are
obtained may be changed, as apparent to those having ordinary skill in the art. If the
number of learning data obtained for each cycle is k, the initial characteristic learning
data having the first data structure becomes a matrix having a dimension of 10 rows x
(k*N) column, and the long term characteristic learning data becomes a matrix having
a dimension of 1 row x (k*N) column.

Then, referring to the second data structure of FIG. 4, initial characteristic learning
data is obtained by executing a charging/discharging process of 1 to 10 cycles for the
N number of batteries to be learning objects, but the initial characteristic learning data
of 1 to 10 cycles obtained for each battery are subsequently arranged in a vertical
direction. Thus, in a first column of the initial characteristic learning data, the initial
characteristic learning data obtained in a charging/discharging process of 1 to 10 cycles
for battery 1 are subsequently positioned. The other columns are arranged in the same
way. Also, in each column of the long term characteristic learning data, the long term
characteristic learning data obtained in a charging/discharging process of 300 cycles
for battery 1 to battery N are arranged in a vertical direction. Here, the range or number
of cycles at which the initial characteristic learning data and the long term charac-
teristic learning data are obtained may be changed, as apparent to those having
ordinary skill in the art. If the number of learning data obtained for each cycle is k, the
initial characteristic learning data having the second data structure becomes a matrix

having a dimension of (k*10) row x N column, and the long term characteristic
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learning data becomes a matrix having a dimension of k row x N column.

The artificial neural network operation unit 30 converts the initial characteristic
learning data and the long term characteristic learning data into the first and second
data structures and then allows the artificial neural network to learn individually based
on the data structure.

Here, the meaning of allowing the artificial neural network to learn individually
based on data structure is individually calculating weight matrixes W!, W2 and W* and

bias vectors

of the artificial neural network based on the first and second data structures.

If the artificial neural network is allowed to learn based on the first data structure,
weight matrixes and bias vectors may be calculated such that long term characteristic
values measured at a corresponding cycle among 300 cycles may be estimated by
column vectors (in a vertical direction) of initial characteristic values measured at a
specific cycle among 1 to 10 cycles based on the same batteries to be learning objects.
In addition, if the artificial neural network is allowed to learn based on the second data
structure, weight matrixes and bias vectors may be calculated such that long term char-
acteristic values for the entire 300 cycles may be estimated by column vectors (in a
vertical direction) of initial characteristic values for the entire 1 to 10 cycles based on
the same batteries to be learning object.

After the individual learning of the artificial neural network based on the data
structure is completed, if initial characteristic measurement data of a battery whose
long term characteristics should be determined is input, the artificial neural network
operation unit 30 converts the data structure of the initial characteristic measurement
data into the first data structure and the second data structure and then applies the
learned artificial neural network based on each data structure to calculate two long
term characteristic estimation data.

At this time, when calculating long term characteristic estimation data from the initial
characteristic measurement data having the first data structure, the artificial neural
network operation unit 30 estimates long term characteristic values for 300 cycles cor-
responding to the location of a column vector by using the column vector composed of
initial characteristic values of each measurement time for 1 to 10 cycles. In this

method, initial characteristic values are associated at 10 cycles different from each
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other to estimate long term characteristic data for 300 cycles one by one. Meanwhile,
in case long term characteristic estimation data is calculated from the initial charac-
teristic measurement data having the second data structure, a column vector composed
of initial characteristic values for the entire 1 to 10 cycles is used to estimate long term
characteristic values for the entire 300 cycles. In this method, long term characteristic
data for 300 cycles are estimated once with reference to initial characteristic values of
the entire 10 cycles.

If the artificial neural network uses different approaches to estimate long term char-
acteristic data for 300 cycles, though artificial neural networks having learned based on
different data structures are applied, there is substantially no error between two long
term characteristic estimation data if the initial characteristic measurement data does
not depart from the range of the initial characteristic learning data. It is because the ar-
tificial neural network has well learned to estimate the substantially identical long term
characteristic learning data regardless of data structure of the initial characteristic mea-
surement data within the range of initial characteristic learning data used for learning.
In other words, if the initial characteristic measurement data departs from the range of
the initial characteristic learning data, an error between two long term characteristic es-
timation data is increased if artificial neural networks having learned based on different
data structures are applied. Thus, by using this phenomenon, it is possible to easily
evaluate reliability of long term characteristic estimation data.

That is to say, the artificial neural network operation unit 30 obtains two long term
characteristic estimation data from initial characteristic measurement data having
different data structures, and then outputs them to the long term characteristic
evaluation unit 50. Then, the long term characteristic evaluation unit 50 calculates an
error between two long term characteristic estimation data, and then, if the error
exceeds a threshold value, the long term characteristic evaluation unit 50 determines
that the initial characteristic measurement data used for estimating long term charac-
teristics of a battery is out of the qualitative and quantitative range of the initial charac-
teristic learning data used for learning of the artificial neural network. In this case, the
long term characteristic evaluation unit 50 may display a message informing of low re-
liability of the long term characteristic estimation data in a graphic-user interface
through the display device.

On the contrary, if an error between two long term characteristic estimation data is
lower than a threshold value, the long term characteristic evaluation unit 50 determines
that the initial characteristic measurement data used for estimating long term charac-
teristics of a battery is within the qualitative and quantitative range of the initial char-
acteristic learning data used for learning of the artificial neural network. In this case,

the long term characteristic evaluation unit 50 finally determines vector any one of the



16

WO 2009/035288 PCT/KR2008/005403

[80]

[81]

[82]

[83]

[84]

[85]

two long term characteristic estimation data or vector average data of the two long
term characteristic estimation data as a long term characteristic estimation data and
then displays a varying pattern of the long term characteristic estimation data in a
graphic-user interface through the display device. Further, the long term characteristic
evaluation unit 50 may compare the finally determined long term characteristic es-
timation data with a criterion long term characteristic data to determine whether the
long term characteristics of the battery are excellent, and then display the result in a
graphic-user interface through the display device.

The system for estimating long term characteristics of a battery, as explained above,
samples a plurality of batteries whose long term characteristics will be estimated for
each battery lot after battery production is completed, then conducts a cycle charging/
discharging process for each sampled battery to obtain initial characteristic mea-
surement data, and then tests long term characteristics of each sampled battery by
using the obtained initial characteristic measurement data, so it may be useful for
sampling checking of long term characteristic quality of a battery lot.

FIG. 5 is a block diagram showing a system for estimating long term characteristics
of a battery according to a second embodiment of the present invention.

The system for estimating long term characteristics of a battery according to the
second embodiment is for estimating long term characteristics of a battery by using a
charging characteristic of a battery, measured in a battery activation process.

This system uses a charging voltage variation data, a charging current variation data
or a charging capacity variation data of a battery when the battery is initially charged
in the battery activation process, as an initial characteristic measurement data of the
battery.

Thus, the system according to the second embodiment further includes an initial
characteristic measurement sensor 60, differently from the first embodiment. The
initial characteristic measurement sensor 60 detects a charging voltage of both
terminals of a battery, a charging current introduced into the battery, or a charging
capacity of the battery at regular intervals when the battery put into an activation
process is initially charged, and then outputs it to the measurement data input unit 20.
Then, the measurement data input unit 20 inputs the initial characteristic measurement
data output from the initial characteristic measurement sensor 60 into the artificial
neural network operation unit 30.

The artificial neural network operation unit 30 receives charging voltage variation
data, charging current variation data or charging capacity variation data of a battery,
measured in an activation process of a battery designated as a learning object, as initial
characteristic learning data and also receives charging characteristic variation data, dis-

charging characteristic variation data, thickness variation data or open circuit voltage
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variation data of a battery, measured for a predetermined cycles, for example 300
cycles, after putting a battery designated as a learning object, as long term charac-
teristic learning data through the learning data input unit 10, and then allows the ar-
tificial neural network to learn. Also, the artificial neural network operation unit 30
calculates and outputs long term characteristic estimation data by applying the learned
artificial neural network whenever an initial characteristic measurement data measured
at the battery activation process is input from the measurement data input unit 20.

The system of the second embodiment has the may obtain the initial characteristic
measurement sensor 60, so it may obtain initial characteristic measurement data from
the activation process in real time. Thus, the system of the second embodiment may be
applied to the total inspection for long term characteristics of a battery in the battery
activation process. Also, the kind of initial characteristic measurement data of the
second embodiment, used for calculating initial characteristic learning data and long
term characteristic estimation data used for learning of the artificial neural network, is
different from that of the first embodiment. Except for the above, the system of the
second embodiment is substantially identical to that of the former embodiment.

Now, a method for estimating long term characteristic of a battery according to an
embodiment of the present invention is explained.

FIG. 6 is a schematic flowchart illustrating operation sequence of the system for es-
timating long term characteristics of a battery according to the first embodiment of the
present invention.

Referring to FIGs. 1 and 6, first, the artificial neural network operation unit 30
collects initial characteristic learning data and long term characteristic learning data of
a battery to be a learning object through the learning data input unit 10 (S100). Here,
the initial characteristic learning data and the long term characteristic learning data are
already explained above.

Subsequently, the artificial neural network operation unit 30 allows the artificial
neural network to learn using the collected initial characteristic learning data and the
collected long term characteristic learning data (S110).

After the learning of the artificial neural network is completed, the artificial neural
network operation unit 30 receives initial characteristic measurement data of a battery
to be an object for estimation of long term characteristics through the measurement
data input unit 20 (S120). The initial characteristic measurement data may be obtained
in the way of sampling a predetermined number of batteries from a battery lot
completely produced, and then executing a cycle charging/discharging process for the
sampled batteries. As an alternative, the initial characteristic measurement data may be
obtained using the initial characteristic measurement sensor 60 when a battery put into

the activation process is initially charged (see FIG. 5).
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After that, the artificial neural network operation unit 30 calculates long term charac-
teristic estimation data of predetermined long term cycles by applying the learned ar-
tificial neural network to the input initial characteristic measurement data.

And then, the artificial neural network operation unit 30 displays the calculated long
term characteristic estimation data on the display 40. Then, the display 40 displays the
long term characteristic estimation data in a graphic-user interface through a display
device (S140).

As an alternative, the artificial neural network operation unit 30 outputs the
calculated long term characteristic estimation data to the long term characteristic
evaluation unit 50. Then, the long term characteristic evaluation unit 50 evaluates long
term characteristic quality of the battery by comparing the calculated long term charac-
teristic estimation data with a criterion long term characteristic data, and then displays
the result in a graphic-user interface through the display device (S150).

FIG. 7 is a flowchart illustrating operation sequence of the system for estimating long
term characteristics of a battery according to the second embodiment of the present
invention.

Referring to FIGs. 1 and 7, first, the artificial neural network operation unit 30
collects initial characteristic learning data and long term characteristic learning data of
a battery to be a learning object through the learning data input unit 10 (S200). Here,
the initial characteristic learning data and the long term characteristic learning data are
already explained above.

Subsequently, the artificial neural network operation unit 30 converts the collected
initial characteristic learning data and the collected long term characteristic learning
data into first and second data structures (S210). After than, the artificial neural
network is allowed to learn based on each data structure (S220). Here, the first and
second data structures are already explained above in detail with reference to FIGs. 3
and 4.

After the learning of the artificial neural network based on each data structure is
completed, the artificial neural network operation unit 30 receives initial characteristic
measurement data of a battery to be an object for estimation of long term charac-
teristics through the measurement data input unit 20 (S230). The initial characteristic
measurement data may be obtained in the way of sampling a predetermined number of
batteries from a battery lot completely produced, and then executing a cycle charging/
discharging process for the sampled batteries. As an alternative, the initial charac-
teristic measurement data may be obtained using the initial characteristic measurement
sensor 60 when a battery put into the activation process is initially charged (see FIG.
5).

After that, the artificial neural network operation unit 30 converts the input initial
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characteristic measurement data into first and second data structures (S240). And then,
the learned artificial neural network based on each data structure is applied to the input
initial characteristic measurement data according to the first and second data structures,
thereby calculating two long term characteristic estimation data for predetermined long
term cycles (S250).

And then, the artificial neural network operation unit 30 displays the calculated two
long term characteristic estimation data on the display 40. Then, the display 40
displays the two long term characteristic estimation data in a graphic-user interface
through a display device (5260).

As an alternative, the artificial neural network operation unit 30 outputs the two
calculated long term characteristic estimation data to the long term characteristic
evaluation unit 50. Then, the long term characteristic evaluation unit 50 calculates an
error between the two long term characteristic estimation data by comparing them with
each other, determines the reliability of the long term characteristic estimation data
according to whether the error exceeds a threshold value, and then displays the result
in a graphic-user interface through the display device (S270).

Further, the long term characteristic evaluation unit 50 decides any one of the two
long term characteristic estimation data or their vector average data as long term char-
acteristic estimation data, evaluates long term characteristic quality of the battery by
comparing the decided long term characteristic estimation data with a criterion long
term characteristic data, and then displays the result in a graphic-user interface through
the display device (S280).

The system and method for estimating long term characteristics of a battery
according to the present invention may be implemented in a program instruction form
capable of being executed by various computer means, and then recorded in a
computer-readable medium. The computer-readable medium may include program in-
structions, data files and data structures, in single or in combination. The program in-
struction recorded in the medium may be specially designed and configured for the
present invention or any other usable one well known in the computer program field.
The computer-readable recording medium includes, for example, magnetic media such
as a hard disk, a floppy disk and a magnetic tape; optical media such as CD-ROM and
DVD; magneto-optical media such as a floptical disk; and hardware devices
specifically configured to store and execute program instructions such as ROM, RAM
and flash memory. The medium may also be a transmission medium such as a
waveguide and an optical or metal wire having a carrier, which transmits a signal des-
ignating program instruction or data structure. The program instruction includes, for
example, a machine code made by a complier or a high-level programming language

code executable by a computer using an interpreter or the like. The hardware device
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may be configured as being operated as at least one software modules for executing the

operations of the present invention, or vice versa.
FIG. 8 is a block diagram showing a general-purpose computer system adoptable for

executing the operation method of the system for estimating long term characteristics
of a battery according to the present invention.

Referring to FIG. 8, the general-purpose computer system 400 includes at least one
processor 410 connected to a main storage device having RAM 420 and ROM 430.
The processor 410 is also called CPU. As well known in the art, ROM 430 plays a role
of unilaterally transmitting data and instructions to the processor 410. RAM 420 is
commonly used for bi-directionally transmitting data and instructions to the processor
410. RAM 420 and ROM 430 may have any suitable shape of a computer-readable
medium. A mass storage device 440 is bi-directionally connected to the processor 410
to give an additional data storage capability thereto, and it may be any one of the above
computer-readable media. The mass storage device 440 is used for storing programs,
data and so on, and it is commonly an auxiliary storage device such as a hard disk,
whose speed is lower than a main storage device. A specific mass storage device such
as CD-ROM 460 may also be used. The processor 410 is connected to at least one I/O
interface 450 such as a video monitor, a trackball mouse, a keyboard, a microphone, a
touch screen-type display, a card reader, a magnetic or paper tape reader, a voice or
handwriting recognizer, a joystick, or other well-known computer 1/0 devices. Finally,
the processor 410 may be connected to a wired or wireless communication network
through a network interface 470. The above method may be executed through the
network connection. The above devices and tools are well known to those having
ordinary skill in the computer hardware and software fields. Meanwhile, the hardware
device may also be configured as being operated as at least one software module so as
to execute operations of the present invention.

The present invention has been described in detail. However, it should be understood
that the detailed description and specific examples, while indicating preferred em-
bodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.

Industrial Applicability

According to the present invention, reliable long term characteristics of a battery may
be rapidly evaluated using initial characteristics of the battery, so various problems of
the conventional post-shipment long term characteristic evaluation method can be
solved.

That is to say, it is possible to reduce a cost required for retrieving a battery lot de-
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termined as having bad quality. Also, since inferiority factors of long term charac-
teristics may be rapidly recognized and removed, it is possible to prevent addition
production of batteries with inferior long term characteristics. In addition, it is possible
to supply only batteries with excellent long term characteristics to consumers, and also
it is possible to lessen a load on the equipment used for a cycle charging/discharging
process of a battery.

In another aspect of the present invention, since characteristics measured for all
batteries when the batteries are manufactured, for example a charging data in an ac-

tivation process, are used, it is possible to realize the entire inspection of the battery.
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Claims

A system for estimating long term characteristics of a battery, comprising:

a learning data input unit for receiving initial characteristic learning data and
long term characteristic learning data of a battery to be a learning object;

a measurement data input unit for receiving initial characteristic measurement
data of a battery to be an object for estimation of long term characteristics;

an artificial neural network operation unit for converting the initial characteristic
learning data and the long term characteristic learning data into first and second
data structures, allowing an artificial neural network to learn the initial charac-
teristic learning data and the long term characteristic learning data based on each
data structure, converting the input initial characteristic measurement data into
first and second data structures, and individually applying the learned artificial
neural network corresponding to each data structure to calculate and output long
term characteristic estimation data based on each data structure; and

a long term characteristic evaluation unit for calculating an error of the output
long term characteristic estimation data of each data structure and determining
reliability of the long term characteristic estimation data depending on the error.
The system according to claim 1,

wherein the learned artificial neural network based on each data structure has at
least one neuron layer arranged in series, and

wherein the neuron layer converts an input vector into an output vector such that
a bias vector and a weight matrix calculated by the learning of the artificial
neural network are reflected on the input vector, the input vector on which the
bias vector and the weight matrix are reflected is processed by a neuron transfer
function, and then result of the neuron transfer function is output as an output
vector.

The system according to claim 2,

wherein, in the serial arrangement of the neuron layer, the first neuron layer has
an input vector composed of initial characteristic measurement data.

The system according to claim 1,

wherein the data relating to initial characteristics includes a charging charac-
teristic variation data of a battery, measured in a battery activating process; or a
charging characteristic variation data, a discharging characteristic variation data,
a thickness variation data, or an open circuit voltage variation data of a battery,
obtained by measurement of initial cycle characteristics, and

wherein the data relating to long term characteristics includes a charging charac-

teristic variation data, a discharging characteristic variation data, a thickness
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variation data, or an open circuit voltage variation data of a battery at prede-
termined long term cycles.

The system according to claim 1, further comprising an initial characteristic mea-
surement sensor for measuring a charging characteristic of a battery put into an
activating process and then outputting the measured charging characteristic as an
initial characteristic measurement data,

wherein the measurement data input unit receives the initial characteristic mea-
surement data from the initial characteristic measurement sensor.

The system according to claim 1, further comprising a display for receiving the
long term characteristic estimation data calculated based on each data structure
from the artificial neural network operation unit to display the long term charac-
teristic estimation data in a graphic-user interface through a display device.

The system according to claim 1,

wherein, in case the error is less than a criterion value, the long term charac-
teristic evaluation unit determines any one of the long term characteristic es-
timation data calculated based on each data structure or average data of the long
term characteristic estimation data as a long term characteristic estimation data,
and then outputs the long term characteristic estimation data.

The system according to claim 7,

wherein the long term characteristic evaluation unit determines long term charac-
teristic quality of the battery by comparing the determined long term charac-
teristic estimation data with a criterion long term characteristic data.

The system according to claim 8,

wherein the long term characteristic evaluation unit outputs a long term charac-
teristic quality determination result of the battery in a graphic-user interface
through a display device.

A method for estimating long term characteristics of a battery, comprising:

(a) receiving initial characteristic learning data and long term characteristic
learning data of a battery to be a learning object;

(b) converting the received initial characteristic learning data and the received
long term characteristic learning data into first and second data structures and
then individually allowing an artificial neural network to learn based on each
data structure;

(c) receiving initial characteristic measurement data of a battery to be an object
for estimation of long term characteristics;

(d) converting the received initial characteristic measurement data into first and
second data structures, then applying the learned artificial neural network corre-

sponding to each data structure thereto, and then calculating and outputting long
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term characteristic estimation data based on each data structure; and

(e) calculating an error of the output long term characteristic estimation data
based on each data structure and then determining reliability of the long term
characteristic estimation data depending on the error.

The method according to claim 10,

wherein the learned artificial neural network based on each data structure has at
least one neuron layer arranged in series, and

wherein, in the step (d), the process of applying the learned artificial neural
network based on each data structure includes:

(d1) converting the initial characteristic measurement data into an input vector;
(d2) inputting the converted input vector into a first neuron layer of the neuron
layer arrangement;

(d3) each neuron layer of the neuron layer arrangement reflecting a bias vector
and a weight matrix calculated by the learning of the artificial neural network on
the input vector and then processing the input vector by a neuron transfer
function such that the input vector is converted into an output vector and then
output; and

(d4) a last neuron layer of the neuron layer arrangement outputting a long term
characteristic estimation vector as an output vector.

The method according to claim 10,

wherein the data relating to initial characteristics includes a charging charac-
teristic variation data of a battery, measured in a battery activating process; or a
charging characteristic variation data, a discharging characteristic variation data,
a thickness variation data, or an open circuit voltage variation data of a battery,
obtained by measurement of initial cycle characteristics, and

wherein the data relating to long term characteristics includes a charging charac-
teristic variation data, a discharging characteristic variation data, a thickness
variation data, or an open circuit voltage variation data of a battery at prede-
termined long term cycles.

The method according to claim 10,

wherein the initial characteristic learning data is a charging characteristic
variation data of the battery to be a learning object, put into a battery activating
process, and the long term characteristic learning data is a charging characteristic
variation data, a discharging characteristic variation data, a thickness variation
data, or an open circuit voltage variation data of the battery to be a learning
object at predetermined long term cycles, and

wherein the step (c) includes:

putting the battery to be an object for long term characteristic estimation into the
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battery activating process;
measuring a charging characteristic variation from the battery; and
receiving the measured charging characteristic variation data as an initial charac-
teristic measurement data.

[14] The method according to claim 10, further comprising:
visually displaying the long term characteristic estimation data.

[15] The method according to claim 10, further comprising:
determining any one of the long term characteristic estimation data calculated
based on each data structure or average data of the long term characteristic es-
timation data as a long term characteristic estimation data;
comparing the determined long term characteristic estimation data with a
criterion long term characteristic data to determine long term characteristic
quality of the battery.

[16] The method according to claim 15, further comprising:
visually displaying a long term characteristic quality determination result of the

battery.



layer 1

WO 2009/035288

[Fig. 1]

[ A—

Pp —

[Fig. 2]

layer3

|ayer?2

a
Sx1

10
l

LEARNING DATA
INPUT UNIT

20
!

1/5

30
£

40
{

MEASUREMENT
DATA INPUT UNIT

ARTIFICIAL NERV= NETHORK |

OPERATION UNIT

Te

a
Sx1

L Sxd

£2
,/

oL Sxd

Rx 1
\ )\ Sx1

O ISPLAY

50

{
LONG TERM CHARACTERISTIC
EVALUAT ON UNIT

PCT/KR2008/005403



2/5

WO 2009/035288 PCT/KR2008/005403

[Fig. 3]
BATTERY 1 BATTERY 2 BATTERY N

CYCLE 1
CYCLE 2

INITIAL CHARACTERISTIC
LEARNING DATA

CYCLE 10| | |

LONG TERM CHARACTERISTIC BATTERY 1 BATTERY 2 BATTERY N
LEARNING DATA CYCLE 300| | | | |

<D0
N =< T M—— >0
|z<mmﬁa>m

B B B
_ A A A
W It 1
: T
< Y Y Y

— 12 N
[aN)
w S
[&b]
> —> oy

L L

O

- LONG TERM CHARACTERISTIC
o LEARNING DATA
wl
o
&

INITIAL CHARACTERISTIC
LEARNING DATA



3/5

PCT/KR2008/005403

WO 2009/035288

[Fig. 5]

LINN NOTLVMIVAS

J11S1E3L3VHVH) Wd3L ONOT
{

05

AY1dS 1@

LINA LNaN|
Y1¥Q ININ3ENSY3IN

'd

HOSNIS LNAI3HNSYI
O/ LS1H3LIPHHO WILINI

°L

04

LIND NOT L4430
ORI RN Y1011 1%

!
]9

{
0¢

LINN LNdN|
Y1vQ ONINGYI

{
0t

{
09

I.|~._.

= d




4/5

WO 2009/035288 PCT/KR2008/005403
[Fig. 6]
( smar )
COLLECT LEARNING DATA |~ 100
LEFRNING OF MRTIFICIAL |11
NERVE NETHORK
INPUT INITIAL CHARACTERISTIC
NEASUREMENT DATA | S 120
CALCULATE LOWG TERW
CHERACTERISTIC E5TINATION oaa. [ S190
DISPLAY LOWG Te EVALUATE A0 DISPLAY LONG TEFW
e RIS e ov o oS40 | cwmicTeRisTIc LTy oF aereay | S 190

END



WO 2009/035288

[Fig. 7]

{  START }

5/5

COLLECT LEARNING DATA

~ 5200

CONVERT DATA STRUCTURE
OF LEARNING DATA

~ 5210

LARMING F ARTIFI

GIAL YERVE NETHORK

3450 01 DATA STRUCTUR:

~ 5220

INPLT INITIAL

CHARACTERISTIC

WEASURETIENT DATA

-~ S230

CONVERT DATA STRUCTURE CF INITIAL
CHASACTER  STIC NEASUREVENT DATA

~ 5240

CALCULATE ThO LONG TERN

CHARACTERISTIC

ESTIHAT ON DATA

~ 5250

EVALUATE 40 CISFLAY RE_IABILITY OF LOKG

CHARACTERISTIC

DISPLAY THO LONG TERW

[Fig. 8]

MASS STORAGE DEVICE

ToRd CHERTERITIC ETieT i by | 5270
st o) oy | S290
EVALLATE 400 DISPLAY LOWS T80
CIRICTERISTIC QUAL TY oF BarTesy | 5280
END
460 450
? ;
. (/0
CD-ROM INTERFACE
@ 410 @ 420
440 ¢ !
! —_ RAM
+—> PROCESSOR
— ROM
7 S
T 470 430
AR
NETWORK

INTERFACE

PCT/KR2008/005403



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings

