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PROVIDE REMAINING LIFE INFORMATION OF TONER CARTRIDGE
USING WEIGHT OF TONER CARTRIDGE

BACKGROUND

[0001] An image forming apparatus using an electro-photographic method forms a
visible toner image on a photoconductor by supplying toner to an electrostatic latent
image formed on the photoconductor, transfers the toner image by using an
intermediate transfer medium or a direct transfer medium, and then fixes the transferred
toner image on a print medium.

[0002] In other words, the image forming apparatus uses the toner to print the toner
image on the print medium. As the toner is used in each image forming operation, the
toner is used up after a certain time period. In this case, a component for storing the

toner may be replaced, or toner may be refilled in the component for storing the toner.

BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1 is a conceptual diagram for describing an operation of an image forming
apparatus that provides remaining life information of a toner cartridge, according to an
example;

[0004] FIG. 2 is a flowchart of an operating method of an image forming apparatus,
according to an example;

[0005] FIG. 3 is a diagram for describing a process of obtaining, by the image forming
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apparatus, remaining life information of the toner cartridge, according to an example;
[0006] FIG. 4 is a diagram for describing a process of obtaining, by the image forming
apparatus, a correction factor indicating an error factor between an estimated
accumulative usage and an actual accumulative usage, according to an example;
[0007] FIG. 5 is a diagram for describing a process of providing, by the image forming
apparatus, remaining life information of the toner cartridge based on a correction factor,
according to an example;

[0008] FIG. 6 is a diagram for describing a process of providing, by the image forming
apparatus, remaining life information of the toner cartridge based on a correction factor,
according to another example;

[0009] FIG. 7 is a diagram for describing a process of diagnosing a state of the image
forming apparatus according to a correction factor, according to an example;

[0010] FIG. 8 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge, the
remaining life information being obtained by the image forming apparatus without using
a correction factor, according to an example;

[0011] FIG. 9 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge, the
remaining life information being obtained by the image forming apparatus by using a
correction factor, according to an example;

[0012] FIG. 10 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge, the
remaining life information being obtained by the image forming apparatus by using a

correction factor, according to another example; and
2
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[0013] FIG. 11 is a block diagram of a configuration of the image forming apparatus,

according to an example.

DETAILED DESCRIPTION OF EXAMPLES

[0014] "An image forming apparatus" may indicate any type of apparatus capable of
performing an image forming operation, for example, a printer, a scanner, a fax machine,
a multi-function printer (MFP), or a display apparatus. "An image forming operation"
may be at least one of print, scan, and fax.

[0015] Hereinafter, examples of the present disclosure will be described in detail with
reference to the attached drawings such that the present disclosure may be easily
embodied by those one of ordinary skill in the art. However, the present disclosure may
be differently embodied in numerous forms and is not limited to the examples set forth
herein.

[0016] FIG. 1 is a conceptual diagram for describing an operation of an image forming
apparatus that provides remaining life information of the toner cartridge, according to an
example;

[0017] The toner cartridge may be mounted in a main body of the image forming
apparatus 10 or removed from the main body of the image forming apparatus 10. The
main body of the image forming apparatus 10 may include a communicating portion
through which toner may be injected by a toner refill kit 20 when the toner cartridge is
mounted in the main body of the image forming apparatus 10. As an image forming
operation is performed in the image forming apparatus 10, the toner in the toner

cartridge is used. As the toner is used, the image forming apparatus 10 may calculate
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an accumulative usage of the toner, based on the number of rotations of a driving
component which rotates a feed member for feeding the toner, the rotation time, and the
number of pixels of image data for forming a certain image.

[0018] Referring to an image 110 shown in FIG. 1, the image forming apparatus 10 may
display remaining life information of the toner cartridge as the image forming operation
is performed. The remaining life information of the toner cartridge may be obtained by
subtracting the accumulative usage of the toner from a target usage of the toner. As it
is shown in the image 110 of FIG. 1, the image forming apparatus 10 may display a
message stating: "The remaining amount of the toner in toner cartridge is currently 55%
of the total amount of the toner" and a bar indicating a remaining percentage of the
toner.

[0019] Referring to an image 120 shown in FIG. 1, when a remaining amount of the
toner is within a predetermined range, the image forming apparatus 10 may display a
message to guide a user to measure a weight of the toner cartridge such that an error
between the accumulative usage of the toner that is calculated and estimated in the
image forming apparatus 10 and the actual accumulative usage of the toner is reduced.
For example, the predetermined range may be a range from about 40 % to about equal
to or less than 60 % of the toner initially charged in the toner cartridge. Meanwhile, the
user may remove the toner cartridge from the image forming apparatus 10 to measure
the weight of the toner cartridge. The user may input the weight of the toner cartridge by
using a user interface 1120 in the image forming apparatus 10.

[0020] Referring to an image 130 shown in FIG. 1, the image forming apparatus 10 may,
based on the weight of the toner cartridge, calculate the actual accumulative usage of

the toner and a correction factor indicating an error rate between the estimated
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accumulative usage of the toner and the actual accumulative usage of the toner. When
the correction factor is obtained, the image forming apparatus 10 may, based on the
correction factor, diagnose whether the image forming apparatus 10 is in a normal state.
The process in which the image forming apparatus 10 diagnoses whether the image
forming apparatus 10 is in the normal state will be described with reference to FIG. 7.
As it is shown in the image 130 of FIG. 1, the image forming apparatus 10 may display
the calculated correction factor and information regarding the state of the image forming
apparatus 10 that is diagnosed by using the correction factor.

[0021] Referring to an image 140 shown in FIG. 1, the image forming apparatus 10 may,

by using the correction factor, obtain remaining life information of the toner cartridge
based on the correction factor by calculating an amount of toner to be used in an image

forming operation to be performed after the weight of the toner cartridge is measured.
As it is shown in the image 140 shown in FIG. 1, the image forming apparatus 10 may
display the remaining life information of the toner cartridge.

[0022] FIG. 2 is a flowchart of an operating method of the image forming apparatus 10,
according to an example.

[0023] In operation 210 of the image forming apparatus 10, the image forming
apparatus 10 may, as an image forming operation is performed, obtain the remaining
life information of the toner cartridge for a remaining amount of toner by using the
estimated accumulative usage of the toner in the toner cartridge. A process of obtaining
the remaining life information of the toner cartridge by the image forming apparatus 10
will be described with reference to FIG. 3.

[0024] In operation 220 of the image forming apparatus 10, the image forming
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apparatus 10 may obtain weight information indicating a first weight of the toner
cartridge at a first time point where the remaining amount of the toner is within a
predetermined range. For example, the predetermined range may be a range from
about 40 % to about equal to or less than 60 % of the toner initially charged in the toner
cartridge. For example, the weight of the toner cartridge may be measured by a weight
measuring apparatus when the toner cartridge is removed from the main body of the
image forming apparatus 10. The image forming apparatus 10 may, via the user
interface 1120, receive input of the weight information indicating the first weight of the
toner cartridge.

[0025] In operation 230 of the image forming apparatus 10, the image forming
apparatus 10 may, based on the weight information, obtain a correction factor indicating
an error rate between the accumulative usage of the toner and the actual accumulative
usage. The error between the estimated accumulative usage of the toner and the actual
accumulative usage of the toner may occur due to mechanical characteristics of
components in the image forming apparatus 10, a pattern of the image forming
operation performed in the image forming apparatus 10, and a usage environment of
the image forming apparatus 10. The correction factor may be used for reducing the
error rate between the accumulative usage of the toner and the actual accumulative
usage of the toner. A process of obtaining the correction factor by the image forming
apparatus 10 will be described with reference to FIG. 4.

[0026] With the toner cartridge mounted in a main body of the image forming apparatus
10 and not replaced, the correction factor may be reestablished each time when weight
information of the toner cartridge is obtained.

[0027] Meanwhile, the correction factor may be calculated by using a rate of the actual
6
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accumulative usage to the estimated accumulative usage. Thus, the correction factor
may be an index indicating the efficiency or characteristics of toner supply in the image
forming apparatus 10.

[0028] For example, when the toner in the toner cartridge is directly supplied to a
developing portion in the image forming apparatus 10, physical characteristics of the
toner cartridge may affect the estimation of the accumulative usage of the toner.
Therefore, the image forming apparatus 10 may reset the correction factor each time
the toner cartridge is replaced. When weight information of the replaced toner cartridge
is obtained, the image forming apparatus 10 may reestablish the correction factor,
based on the weight information of the replaced toner cartridge.

[0029] As another example, when the toner in the toner cartridge is indirectly supplied
to the developing portion in the image forming apparatus 10 via a certain storage space,
physical characteristics of the certain storage space may affect the estimation of the
accumulative usage of the toner. Therefore, when the certain storage space is replaced,
the image forming apparatus 10 may reset the correction factor each time the certain
storage space is replaced. On the other hand, when the certain storage space is not
replaced, the image forming apparatus 10 may update a next correction factor based on
a previous correction factor, as weight information of the toner cartridge is obtained.
[0030] In addition, the correction factor may be used for diagnosing the state of the
image forming apparatus 10. A process of diagnosing the state of the image forming
apparatus 10 by using the correction factor will be described with reference to FIG. 7.
[0031] In operation 240 of the image forming apparatus 10, the image forming
apparatus 10 may, by using the correction factor, correct an amount of toner to be used

in the image forming operation to be performed after the first time point and obtain
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remaining life information based on the correction factor. A process of obtaining the
remaining life information based on the correction factor by the image forming
apparatus 10 will be described with reference to FIGS. 5 and 6.

[0032] The image forming apparatus 10 may display the remaining life information
through the user interface 1120. For example, the image forming apparatus 10 may, on
the user interface 1120, display the remaining life information that includes information
regarding a remaining amount of the toner, a remaining percentage of the toner, and an
accumulative usage of the toner in the toner cartridge.

[0033] FIG. 3 is a diagram for describing a process of obtaining, by the image forming
apparatus 10, remaining life information of the toner cartridge, according to an example.
[0034] In operation 310 of the image forming apparatus 10, the image forming
apparatus 10 may calculate an accumulative usage rate of the toner. The usage rate of
the toner indicates an accumulative usage of the toner to the target usage of the toner.
[0035] The image forming apparatus 10 may calculate the accumulative usage of the
toner, based on at least one of the number of rotations of the driving component rotating
the feed member for feeding the toner in the toner cartridge, the driving time of the
driving component, and the number of pixels of the image data for forming an image.
For example, the image forming apparatus 10 may accumulate the number of rotations
of the driving component rotating the feed member and calculate the accumulative
usage of the toner, according to an amount of toner ejected for each rotation.

[0036] Referring to Equation 311 shown in FIG. 3, the image forming apparatus 10 may
calculate a rate of the accumulative usage of the toner to the target usage of the toner
as the accumulative usage rate of the toner. In Equation 311 of FIG. 3, T indicates the

target usage of the toner and A indicates the accumulative usage of the toner. The
8



WO 2020/171847 PCT/US2019/048584

target usage of the toner may be determined by an amount of toner that is initially
charged in the toner cartridge.

[0037] In operation 320 of the image forming apparatus 10, the image forming
apparatus 10 may, from the accumulative usage of the toner, obtain remaining life
information of the toner cartridge. The remaining life information of the toner cartridge
includes information regarding a remaining percentage of the toner.

[0038] Referring to Equation 321 shown in FIG. 3, the remaining percentage of the
toner may be calculated when the accumulative usage of the toner is subtracted from
an initial remaining percentage 1 of the toner in the toner cartridge. In other words, the
image forming apparatus 10 may obtain the remaining life information of the toner
cartridge. The remaining life information includes information regarding the remaining
percentage of the toner. In Equation 321 of FIG. 3, Rcac indicates the remaining life
information of the toner cartridge.

[0039] In operation 330 of the image forming apparatus 10, the image forming
apparatus 10 may display the remaining life information of the toner cartridge.

[0040] FIG. 4 is a diagram for describing a process of obtaining, by the image forming
apparatus 10, a correction factor indicating an error factor between an estimated
accumulative usage and an actual accumulative usage, according to an example.
[0041] In operation 410 of the image forming apparatus 10, the image forming
apparatus 10 may obtain a first difference value by calculating a difference between an
initial weight of the toner cartridge in an initial state in which the toner cartridge is
charged with the toner at an initial time point, and a first weight of the toner cartridge.
Here, the first weight is a weight of the toner cartridge measured at the first time point.

The first difference value is an actual accumulative usage of the toner used in the toner
9
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cartridge from the initial time point to the first time point. The first difference value may
be calculated according to Equation 411 shown in FIG. 4.

[0042] In Equation 411 of FIG. 4, Mint indicates the initial weight of the toner cartridge in
the initial state in which the toner cartridge is charged with the toner at the initial time
point, M indicates a weight of the toner cartridge measured at a certain time point, and
Mused iS the actual accumulative usage of the toner that is used in the toner cartridge
from the initial time point to the certain time point.

[0043] In operation 410 of the image forming apparatus 10, the image forming
apparatus 10 may obtain a second difference value by calculating a difference between
the initial weight of the toner cartridge charged with the toner and the weight of the toner
cartridge that is not charged with the toner. The second difference value is an amount of
toner initially charged in the toner cartridge. That is, the second difference value may be
the target usage. The second difference value may be calculated according to Equation
412 shown in FIG. 4.

[0044] In Equation 412 of FIG. 4, Whottle indicates the weight of the toner cartridge in a
state in which the toner cartridge is not charged with the toner. In other words, Whottle
indicates the weight of the toner cartridge that is not charged with the toner. And mint
indicates the amount of toner initially charged in the toner cartridge.

[0045] In operation 420 of the image forming apparatus 10, the image forming
apparatus 10 may obtain an actual accumulative usage rate of the toner cartridge by
calculating a rate of the first difference value to the second difference value. The actual
accumulative usage rate may be calculated according to Equation 421 shown in FIG. 4.

[0046] In addition, the image forming apparatus 10 may obtain actual remaining life

information of the toner cartridge by using the actual accumulative usage rate. For
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example, an actual remaining percentage of the toner may be calculated when the
actual accumulative usage rate of the toner is subtracted from the initial remaining
percentage 1 of the toner in the toner cartridge. In other words, the image forming
apparatus 10 may obtain the actual remaining life information of the toner cartridge. The
actual remaining life information of the toner cartridge includes information regarding the
actual remaining percentage of the toner. In Equation 422 of FIG. 4, Ractual is the actual
remaining life information of the toner cartridge.

[0047] In operation 430 of the image forming apparatus 10, the image forming
apparatus 10 may, as a correction factor, obtain a rate of the actual accumulative usage
rate of the toner cartridge to an accumulative usage rate of the toner cartridge. Also,
the image forming apparatus 10 may, as the correction factor, obtain the rate of the
actual accumulative usage of the toner in the toner cartridge to the accumulative usage
of the toner of the toner in the toner cartridge.

[0048] The error between the estimated accumulative usage rate and the actual
accumulative usage rate may occur because the estimated accumulative usage is not
identical to an accumulative usage corresponding to an amount of toner that is actually
used in the toner cartridge. Accordingly, when a correction factor adaptable to
calculation of the accumulative usage is obtained by the image forming apparatus 10,
the image forming apparatus 10 may reduce the error between the accumulative usage
rate that is calculated and the actual accumulative usage rate.

[0049] In operation 431 shown in FIG. 4, the correction factor a may be calculated by
using a rate of the actual accumulative usage rate of the toner cartridge to the estimated
accumulative usage rate of the toner cartridge. Here, the estimated accumulative usage

rate may be calculated according to Equation 311 of FIG. 3. The actual accumulative
11 ‘



WO 2020/171847 PCT/US2019/048584

usage rate may be a value calculated by subtracting Ractual % indicating the actual
remaining life information of the toner cartridge from 100 %. The estimated
accumulative usage rate may be a value calculated by subtracting Rcaic % indicating the
remaining life information of the toner cartridge from 100 %. As defined in Equation 431
of FIG. 4, the actual accumulative usage rate may be represented by Mint indicating the
initial weight of the toner cartridge charged with the toner, M indicating the weight of the
toner cartridge measured at a certain time point, and Whettle indicating the weight of the
toner cartridge that is not charged with the toner.

[0050] FIG. 5 is a diagram for describing a process of providing, by the image forming
apparatus 10, remaining life information of the toner cartridge based on a correction
factor, according to an example.

[0051] In operation 510 of the image forming apparatus 10, the image forming
apparatus 10 may, by using the correction factor, correct the amount of toner to be used
in the image forming operation to be performed after the first time point.

[0052] The image forming apparatus 10 may, according to Equation 511 shown in FIG.
5, correct an amount of toner to be used in an image forming operation to be performed
at an x time point. Here, a(x) indicates an amount of toner used at the x time point.
[0053] For example, when an amount of toner to be used due to a first image forming
operation to be performed at D+1 time point after the first time point D is calculated as
a(D+1), the image forming apparatus 10 may obtain a corrected amount of toner
a*a(D+1) by multiplying the correction factor a by the calculated amount of toner.

[0054] In operation 520 of the image forming apparatus 10, the image forming
apparatus 10 may obtain an accumulative usage of the toner after the first time point by

summing up corrected amounts of toner.
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[0055] Equation 521 shown in FIG. 5 indicates an accumulative usage of the toner
cartridge up to a certain time point t. The image forming apparatus 10 may obtain a
corrected accumulative usage of the toner by applying the correction factor to Equation
521. More particularly, the image forming apparatus 10 may obtain an accumulative
amount of toner at D time point by summing up corrected amounts of toner from D time
point to C time point, according to Equation 522 shown in FIG. 5. Here, the C time point
is later than the D time point.

[0056] In operation 530 of the image forming apparatus 10, the image forming
apparatus 10 may obtain a total accumulative usage of the toner by summing up the
accumulative usage of the toner before the first time point and the accumulative usage
of the toner after the first time point.

[0057] For example, the image forming apparatus 10 may obtain a total accumulative
usage to the C time point by summing up accumulative usage of the toner before the D
time point and an accumulative usage of the toner from the D time point to the C time
point, according to Equation 531 of FIG. 5. Referring to Equation 531, the correction
factor is applied to the usage of toner calculated from the D time point. A method of
applying the correction factor also to a usage of the toner calculated before the D time
point will be described with reference to FIG. 6.

[0058] In operation 540 of the image forming apparatus 10, the image forming
apparatus 10 may obtain the remaining life information based on the correction factor
from the total accumulative usage of the toner. The image forming apparatus 10 may
display the remaining life information based on the correction factor.

[0059] For example, the image forming apparatus 10 may obtain the accumulative

usage of the toner by calculating a rate of the total accumulative usage of the target
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usage of the toner, according to Equation 541 shown in FIG. 5. The image forming
apparatus 10 may calculate a remaining percentage of the toner based on the
correction factor by subtracting the accumulative usage of the toner from the initial
remaining percentage 1 of the toner in the toner cartridge.

[0060] In other words, the image forming apparatus 10 may obtain the remaining life
information of the toner cartridge. The remaining life information of the toner cartridge
includes information regarding the remaining percentage of the toner that is calculated
by application of the correction factor from the D time point. In Equation 542 shown in
FIG. 5, Rcaic indicates the remaining life information of the toner cartridge to which the
correction factor applied from the D time point.

[0061] FIG. 6 is a diagram for describing a process of providing, by the image forming
apparatus 10, remaining life information of the toner cartridge based on a correction
factor, according to another example.

[0062] In operation 610 of the image forming apparatus 10, the image forming
apparatus 10 may correct the accumulative usage before the first time point by using
the correction factor.

[0063] For example, the image forming apparatus 10 may correct the cumulative usage
of the toner before the D time point according to Equation 611 of FIG. 6. The image
forming apparatus 10 may obtain a corrected accumulative usage a*A(D) by multiplying
the correction factor by the accumulative usage of the toner.

[0064] In operation 620 of the image forming apparatus 10, the image forming
apparatus 10 may obtain a total accumulative usage of the toner by summing up the
corrected accumulative usage before the first time point and the accumulative usage of

the toner after the first time point.
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[0065] For example, the image forming apparatus 10 may obtain the total accumulative
usage of the toner up to the C time point by summing up the corrected accumulative
usage before the D time point and a corrected accumulative usage from the D time
point to the C time point, according to Equation 621 of FIG. 6. Referring to Equation 621,
the correction factor is applied to the accumulative usage of the toner before the D time
point and the accumulative usage of the toner from the D time point. Accordingly, the
error between the accumulative usage of the toner and the actual accumulative usage
of the toner may be reduced.

[0066] In operation 630 of the image forming apparatus 10, the image forming
apparatus 10 may obtain remaining life information based on the correction factor from
the total accumulative usage of the toner and display the remaining life information
based on the correction factor.

[0067] For example, the image forming apparatus 10 may obtain an accumulative
usage rate of the toner by calculating a rate of the total accumulation usage of the toner
to the target usage of the toner, according to Equation 631 shown in FIG. 6. The image
forming apparatus 10 may calculate a remaining percentage of the toner based on the
correction factor by subtracting the accumulative usage rate of the toner from the initial
remaining percentage 1 of the toner in the toner cartridge.

[0068] In other words, as the correction factor is applied to the accumulative usage up
to the D time point, the image forming apparatus 10 may obtain remaining life
information of the toner cartridge. The remaining life information includes information
regarding a remaining percentage of the toner and is calculated by applying the
correction factor to each time point. Here, each time point includes a time period from

an initial time point to a last time point at which the toner is used due to the image
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forming operation. In Equation 632 of FIG. 6, Rcac' indicates remaining life information
of the toner cartridge to which the correction factor is applied from the D time point.
[0069] FIG. 7 is a diagram for describing a process of diagnosing a state of the image
forming apparatus 10 according to a correction factor, according to an example.

[0070] In operation 710 of the image forming apparatus 10, the image forming
apparatus 10 may identify whether the correction factor is within a predetermined range.
For example, the predetermined range may be 0.8 < the correction factor < 1.2. The
correction factor may exceed the predetermined range by a greater degree as the
difference between the actual accumulated usage rate and the estimated accumulated
usage rate increases. In other words, the correction factor may have a value out of the
predetermined range. For example, when the correction factor is not within the
predetermined range, the image forming apparatus 10 may perform operation 720. For
example, when the correction factor is within the predetermined range, the image
forming apparatus 10 may perform operation 715.

[0071] More particularly, in operation 715 of the image forming apparatus 10, the image
forming apparatus 10 may determine that the image forming apparatus 10 is in the
normal state. The correction factor may be a rate of the actual accumulative usage rate
to the estimated accumulative usage. Accordingly, the correction factor may indicate the
efficiency of supply of toner in the image forming apparatus 10. Accordingly, when the
correction factor is near to 1, the image forming apparatus 10 may be diagnosed as
being in the normal state. The image forming apparatus 10 may output a message for
guiding the user to measure the weight of the toner cartridge. When the weight
information indicating the weight of the toner cartridge is obtained by the image forming

apparatus 10, the image forming apparatus 10 may obtain a correction factor for
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correcting the accumulative usage of the toner such that the error between the actual
accumulative usage of the toner and the accumulative usage of the toner calculated by
the image forming apparatus 10 is reduced. The image forming apparatus 10 may
obtain remaining life information based on the correction factor.

[0072] In operation 720 of the image forming apparatus 10, the image forming
apparatus 10 may determine whether the correction factor is less than a lowest limit of a
predetermined range. For example, when the correction factor is not less than the
lowest limit of the predetermined range, the image forming apparatus 10 may perform
operation 730. As another example, when the correction factor is less than the lowest
limit of the predetermined range, the image forming apparatus 10 may perform
operation 725.

[0073] More particularly, in operation 725 of the image forming apparatus 10, the image
forming apparatus 10 may determine that the accumulative usage of the toner is greater
than the actual accumulative usage of the toner and supply of the toner from the toner
cartridge is excessively low. The user may check the image forming apparatus 10 to
detect elements that inhibit supply of the toner.

[0074] In operation 730 of the image forming apparatus 10, the image forming
apparatus 10 may determine whether}the correction factor is greater than a highest limit
of the predetermined range. For example, when the correction factor is not greater than
the highest limit of the predetermined range, the image forming apparatus 10 may end
the operation. As another example, when the correction factor is greater than the
highest limit of the predetermined range, the image forming apparatus 10 may perform
operation 735.

[0075] More particularly, in operation 735 of the image forming apparatus 10, the image
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forming apparatus 10 may determine that the actual accumulative usage of the toner is
greater than the accumulative usage of the toner and supply of the toner from the toner
cartridge is excessively high. The user may check the image forming apparatus 10 to
detect elements that excessively supply the toner.

[0076] FIG. 8 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge that
is obtained by the image forming apparatus without using a correction factor, according
to an example.

[0077] Table 810 shown in FIG. 8 represents the remaining life information of the toner
cartridge that is calculated according to toner usage and the actual remaining life
information of the toner cartridge that is obtained according to the weight of the toner.
[0078] Here, M indicates a weight of the toner cartridge measured at a certain time
point, and m_used indicates an actual accumulative usage of the toner used in the toner
cartridge to the certain time point. A indicates the number of accumulative dots
calculated according to the toner usage. R_calc indicates the remaining life information of
the toner cartridge, and R_actual indicates the actual remaining life information of the
toner cartridge.

[0079] Referring to table 810 shown in FIG. 8, when the actual accumulative usage of
the toner and the number of accumulative dots of the toner is 0, a weight of the toner
cartridge is 1260 g. In other words, when the toner is charged in the toner cartridge, an
initial weight of the toner cartridge is 1260 g. In addition, when a value of the actual
remaining life information of the toner cartridge is 0, the weight of the toner cartridge is
275 g, and accordingly, when the toner is not charged in the toner cartridge, the weight

of the toner cartridge is 275 g. The amount of toner charged in the toner cartridge is 985
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g. It is assumed that the number of target accumulative dots for 985 g of the toner is
500000000.

[0080] Referring to a table 810 and a graph 820 shown in FIG. 8, as the toner in the
toner cartridge is used, an error occurs between a value of R_cac and a value of R_actual.
For example, as it is shown in the graph 820 of FIG. 8, the error may occur as the
calculated accumulative usage is less than the actual accumulative usage. As the
calculated accumulative usage is less than the actual accumulative usage, the
remaining amount of toner may be recognized as existing when the toner in the toner
cartridge is actually used up in the image forming apparatus 10. When the toner in the
toner cartridge is used up, the error between the value of R_cac and the value of R_actual
may be in a range from about 10 % to about 13 %.

[0081] The error that occurred as the calculated accumulative usage is less than the
actual accumulative usage is described with reference to FIG. 8, but an error may also
occur as the calculated accumulative usage is greater than the actual accumulative
usage.

[0082] FIG. 9 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge that
is obtained by the image forming apparatus by using a correction factor, according to an
example.

[0083] According to a table 910 and an arrow mark 921 of a graph 920 shown in FIG. 9,
the image forming apparatus 10 may obtain a correction factor according to a weight of
the toner cartridge that is measured when the weight of the toner cartridge is 810 g. The
image forming apparatus 10 may obtain remaining life information of the toner cartridge

by applying the correction factor to calculating accumulative dots after the time point at
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which the weight of the toner cartridge is 810 g.

[0084] Here, M indicates a weight of the toner cartridge measured at a certain time
point, and m_used indicates an actual accumulative usage of the toner used in the toner
cartridge up to the certain time point. A' indicates the number of accumulative dots
calculated by applying the correction factor to the toner usage after the time point at
which the weight of the toner cartridge is 810 g. Shaded regions in the table 910 of FIG.
9 indicate regions modified to be different from values of A and values of R_cal shown in
the table 810 due to application of the correction factor. R_caic' indicates remaining life
information of the toner cartridge that is obtained based on the correction factor, and
R _actual indicates actual remaining life information of the toner cartridge.

[0085] Referring to the graph 920 of FIG. 9, an error between a value of R_caic and a
value of R _actual is less than the error between the value of R_cac and the value of
R_actua. When the toner in the toner cartridge is actually used up, an error between the
R _calc' and the R_actuat may be in a range from about 7 % to about 8 %. The error
between the calculated remaining life and the remaining life may be reduced by
obtaining the remaining life information of the toner cartridge by applying the correction
factor.

[0086] FIG. 10 is a diagram for describing a result of comparing actual remaining life
information of the toner cartridge to remaining life information of the toner cartridge that
is obtained by the image forming apparatus by using a correction factor, according to
another example.

[0087] Referring to a table 1010 and an arrow mark 1021 of a graph 1020 shown in FIG.
10, the image forming apparatus 10 may obtain the correction factor according to the

weight of the toner cartridge that is measured when the weight of the toner cartridge is
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810 g. The image forming apparatus 10 may obtain a corrected number of accumulative
dots by applying the correction factor to the number of accumulative dots calculated up
to the time point at which the weight of the toner cartridge is 810 g. In addition, the
image forming apparatus 10 may apply the correction factor to calculation of
accumulative dots after the time point at which the weight of the toner cartridge is 810 g.
The image forming apparatus 10 may obtain the remaining life information of the toner
cartridge based on the correction factor from the time point at which the weight of the
toner cartridge is 810 g.

[0088] Here, M indicates a weight of the toner cartridge measured at a certain time
point, and m_used indicates an actual accumulative usage of the toner used in the toner
cartridge up to the certain time point. A" indicates the number of accumulative dots
calculated by applying the correction factor for toner usage from the time point at which
the weight of the toner cartridge is 810 g. Shaded regions in the table 1010 of FIG. 10
indicate regions modified to be different from values of A and values of R_caic shown in
the table 810, due to application of the correction factor. R_carc" indicates remaining life
information of the toner cartridge obtained based on the correction factor, and R_actual
indicates actual remaining life information of the toner cartridge.

[0089] Referring to the graph 1020 shown in FIG. 10, an error between a value of R_carc'
and a value of R_actual is less than an error between a value of R_cac and a value of
R_actuat. When the toner in the toner cartridge is actually used up, the error occurring
between the value of R_carc' and the value of R_actual may be in a range from about 2 %
to about 3 %. The error between the calculated remaining life and the actual remaining
life may be reduced by obtaining the remaining life information of the toner cartridge by

applying the correction factor.
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[0090] FIG. 11 is a block diagram of a configuration of the image forming apparatus 10,
according to an example. |

[0091] The image forming apparatus 10 shown in FIG. 11 may include a toner cartridge
unit 1110, the user interface 1120, a memory 1130, and a processor 1140. However,
not all the components shown in FIG. 11 are necessary components. The image
forming apparatus 10 may be embodied by using less or more components than the
components shown in the drawings. Hereinafter, the components will be described.
[0092] The toner cartridge unit 1110 may include a toner cartridge, a feed member for
feeding toner, and a driving component for rotating the feed member.

[0093] The user interface 1120 may include an input unit for receiving input for
performing the image forming operation from the user or an output unit for displaying a
result of performing the image forming operation or information regarding a state of the
image forming apparatus 10. For example, the user interface 1120 may include an
operating panel receiving user inputs, a display panel displaying a screen, and the like.
[0094] For example, the input unit may include various devices like a keyboard, a
physical button, a touch screen, a camera, or a microphone which are capable of
receiving user inputs. The output unit may, for example, include a display panel, a
speaker, or the like. However, the user interface 1120 is not limited to and may include
various devices supporting input and output.

[0095] The user interface 1120 may receive input of the information of the toner
cartridge. For example, the user interface 1120 may receive input of information
including an initial weight of the toner cartridge when the toner cartridge is charged with
the toner and a weight of the toner cartridge that is not charged with the toner. In

addition, the user interface 1120 may receive input of weight information regarding the
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weight of the toner cartridge that is measured at a certain time point.

[0096] Furthermore, the user interface 1120 may, as the toner is used in the image
forming apparatus 10, display the remaining life information of the toner cartridge. For
example, the remaining life information may include information of a remaining amount
of the toner, a remaining percentage of the toner, and the like.

[0097] The memory 1130 may store a program, data, or a file relevant to the image
forming apparatus 10. The processor 1140 may execute the program stored in the
memory 1130, read the data or file stored in the memory 1130, or store a new file in the
memory 1130. The memory 1130 may, independently or in combination, store a
program instruction, a data file, a data structure, and the like. The memory 1130 may
store instructions that may be executed by the processor 1140.

[0098] For example, the memory 1130 may store a program which obtains a correction
factor indicating an error rate of an accumulative usage and an actual accumulative
usage of the toner, obtains remaining life information of the toner cartridge based on the
correction factor, and provides the remaining life information to the user, when a weight
of the toner cartridge is measured at a certain time point. In addition, the memory 1130
may store an amount of toner usage, an accumulative usage, an actual accumulative
usage, remaining life information, actual remaining life information, a correction factor, a
weight of the toner cartridge, the number of accumulative dots in the toner cartridge,
which are obtained from the processor 1140.

[0099] The processor 1140 may control all operations of the image forming apparatus
10 and include at least one processor like a central processing unit (CPU). The
processor 1140 may control other components in the image forming apparatus 10 to

perform operations corresponding to the user input received through the user interface
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1120. The processor 1140 may include at least one specialized processor
corresponding to functions or an all-in-one type processor.

[00100] As the image forming operation is performed, the processor 1140 may obtain
remaining life information of the toner cartridge for a remaining amount of toner by using
an estimated accumulative usage of the toner in the toner cartridge.

[00101] The processor 1140 may calculate an accumulative usage rate of the toner, the
usage rate indicating an accumulative usage of the toner to the target usage of the
toner.

[00102] For example, the processor 1140 may calculate the accumulative usage of the
toner, based on at least one of the number of rotations of the driving component rotating
the feed member for feeding the toner in the toner cartridge, the driving time of the
driving component, and the number of pixels of the image data for forming an image.
[00103] The processor 1140 may, from the accumulative usage of the toner, obtain
remaining life information of the toner cartridge including the remaining percentage
information of the toner. The processor 1140 may display the remaining life information
of the toner cartridge on the user interface 1120 by controlling the user interface 1120.
[00104] The processor 1140 may obtain the weight information indicating the first
weight of the toner cartridge at the first time point where the remaining amount of the
toner is within a predetermined range.

[00105] For example, when the remaining amount of toner is within the predetermined
range, the processor 1140 may display a message for guiding the user to measure the
weight of the toner cartridge by controlling the user interface 1120 such that a difference
between the actual accumulative usage of the toner and the accumulative usage of the

toner calculated and estimated in the forming apparatus 10 is reduced. For example,
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the user may measure the weight of the toner cartridge by removing the toner cartridge
from the image forming apparatus 10. The user may input the weight of the toner
cartridge through the user interface 1120 in the image forming apparatus 10.

[00106] When a sensor is provided in the image forming apparatus 10, the sensor may
measure the weight of the toner cartridge. The sensor may, to the processor 1140,
provide weight information including the measured weight of the toner cartridge.

[00107] The processor 1140 may, based on the weight information, obtain a correction
factor indicating an error rate between the accumulative usage of the toner and the
actual accumulative usage of the toner.

[00108] For example, the processor 1140 may obtain the first difference value by
calculating a difference between the initial weight of the toner cartridge when the toner
is charged in the toner cartridge and the first weight of the toner cartridge. Here, the first
weight is a weight of the toner cartridge measured at the first time point. The first
difference value is the actual accumulative usage of the toner consumed in the toner
cartridge to the first time point.

[00109] The processor 1140 may obtain the second difference value by calculating a
difference between an initial weight of the toner cartridge charged with the toner and a
weight of the toner cartridge that ié not charged with the toner. The second difference
value is an amount of toner initially charged in the toner cartridge. That is, the second
difference value may be the target usage of the toner.

[00110] The processor 1140 may obtain the actual accumulative usage rate of the toner
cartridge by calculating a rate of the first difference value to the second difference value.
The processor 1140 may obtain actual remaining life information of the toner cartridge

by using the actual accumulative usage rate.
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[00111] The processor 1140 may, as a correction factor, obtain a rate of the actual
accumulative usage rate of the toner cartridge to the accumulative usage of the toner
cartridge.

[00112] Meanwhile, when the toner in the toner cartridge is directly supplied to the
developing portion in the image forming apparatus 10, the processor 140 may reset the
correction factor each time the toner cartridge is replaced. The processor 1140 may
obtain weight information of the replaced toner cartridge at the first time point where the
remaining amount of toner of the replaced toner cartridge is within a predetermined
range. The weight information of the replaced toner cartridge may be obtained
according to the above-mentioned method of obtaining the weight information of the
toner cartridge. The processor 1140 may reestablish the correction factor that is reset,
based on the weight information of the replaced toner cartridge. A correction factor may
be reestablished according to the above-mentioned method of obtaining the correction
factor.

[00113] On the other hand, when the toner in the toner cartridge is indirectly supplied to
the developing portion in the image forming apparatus 10 through a storage space in
the image forming apparatus 10, the processor 1140 may, as the weight information of
the toner cartridge is obtained, reestablish a following correction factor, based on a
previous correction factor. The following correction factor may be reestablished
according to the above-mentioned method of obtaining the correction factor.

[00114] The processor 1140 may, by using the correction factor, correct the amount of
toner to be used in the image forming operation to be performed after the first time point
and obtain remaining life information based on the correction factor.

[00115] More particularly, the processor 1140 may, by using the correction factor,
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correct the amount of toner to be used in the image forming operation to be performed
after the first time point. The processor 1140 may obtain an accumulative usage of the
toner after the first time point by summing up the corrected amount of toner. The
processor 1140 may obtain a total accumulative usage of the toner by summing up the
accumulative usage of the toner before the first time point and the accumulative usage
of the toner after the first time point. The processor 1140 may, from the total
accumulative usage of the toner, obtain remaining life information based on the
correction factor. The image forming apparatus 10 may display the remaining life
information based on the correction factor.

[00116] For example, the processor 1140 may obtain the accumulative usage rate of
the toner by calculating a rate of the total accumulative usage of the toner to the target
usage of the toner. The processor 1140 may calculate the remaining percentage of the
toner based on the correction factor by subtracting the accumulative usage rate of the
toner from the initial remaining percentage 1 of the toner in the toner cartridge.

[00117] In other words, the processor 1140 may obtain remaining life information of the
toner cartridge. The remaining life information includes information regarding the
remaining percentage of the toner that is calculated by applying the correction factor
from a time point at which the weight of the toner cartridge is measured.

[00118] The processor 1140 may correct the accumulative usage before the first time
point by using the correction factor.

[00119] The processor 1140 may obtain the total accumulative usage of the toner by
summing up a corrected accumulative usage before the first time point and the
accumulative usage of the toner after the first time point. Accordingly, an error between

the accumulative usage of the toner and the actual accumulative usage of the toner
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may be reduced.

[00120] The processor 1140 may obtain the remaining life information based on the
correction factor from the total accumulative usage of the toner and may control the
user interface 1120 to display the remaining life information based on the correction
factor on the user interface 1120.

[00121] For example, the processor 1140 may obtain the accumulative usage rate of
the toner by calculating the rate of the total accumulative usage to the target usage of
the toner. The processor 1140 may subtract the accumulative usage rate of the toner
from the initial remaining percentage 1 of the toner in the toner cartridge to calculate the
remaining percentage of the toner based on the correction factor.

[00122] In other words, as the correction factor is applied to the accumulative usage of
the toner cartridge from an initial time point to a time point at which the weight of the
toner cartridge is measured, the processor 1140 may obtain remaining life information
of the toner cartridge. The remaining life information of the toner cartridge includes
information regarding a remaining percentage of the toner and is calculated by applying
the correction factor to each time point. Here, each time point includes a time period
from an initial time point to a last time point at which the toner is used due to the image
forming operation.

[00123] The processor 1140 may determine whether the correction factor is within a
predetermined range. As a result of the determination, when the correction factor is
within the predetermined range, the processor 1140 may determine that the image
forming apparatus 10 is in the normal state. The processor 1140 may control the user
interface 1120 to display a message for guiding the user to measure a weight of the

toner cartridge on the user interface 1120. When the weight information indicating the
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weight of the toner cartridge is input from the user interface 1120, the processor 1140
may obtain a correction factor used for correcting an accumulative usage of the toner,
such that the error between the accumulative usage of the toner and the actual
accumulative usage of the toner calculated due to the image forming operation is
reduced. The processor 1140 may obtain remaining life information based on the
correction factor.

[00124] The processor 1140 may determine whether the correction factor is less than a
lowest limit in a predetermined range. As a result of the determination, when the
correction factor is less than the lowest limit of the predetermined range, the processor
1140 may determine that the accumulative usage of the toner is greater than the actual
accumulative usage of the toner and supply of the toner from the toner cartridge is
excessively low.

[00125] The processor 1140 may determine whether the correction factor is greater
than a highest value in the predetermined range. As a result of the determination, when
the correction factor is greater than the highest value in the predetermined range, the
processor 1140 may determine that the actual accumulative usage of the toner is
greater than the accumulative usage of the toner and supply of the toner from the toner
cartridge is excessively high.

[00126] Meanwhile, the operating method of the image forming apparatus 10 may be
embodied in the form of instructions executable by a computer or a processor or a
computer-readable storage medium that stores data. The method of operating the
image forming apparatus 10 may be written as computer programs and may be
implemented in general-use digital computers that execute the programs using a

computer readable recording medium. The above-mentioned computer readable
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recording medium may be read-only memory (ROM), random-access memory (RAM),
flash memory, CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs,
DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs,
a magnetic tape, floppy disc, a magnet optical recording medium, an optical data
recording medium, hard disc, solid-state disc (SSD), and any kind of device capable of
storing instructions of machine readable instructions, relevant data, data files, and data
structure and capable of providing instructions or machine readable instructions,
relevant data, data files, and data structures to a processor and a computer such that
the processor or computer may execute the instruction.

[00127] While the present disclosure has been particularly shown and described with
reference to limited examples, it will be understood by those of ordinary skill in the art
that various changes in form and details may be made from therein. For example, when
the above-mentioned methods performed in different orders, the above-mentioned
components, for example, systems, structures, apparatuses, or circuits are combined or
assembled in different forms or replaced by other components, technical goals of the
present disclosure may be achieved.

[00128] Therefore, the scope of the present disclosure is defined not by the detailed
description of the present disclosure but by the appended claims and equivalents

thereof.
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WHAT IS CLAIMED IS:

1. An operating method of an image forming apparatus, the operating
method comprising:

estimating an accumulative usage of toner in a toner cartridge when an image
forming operation is performed;

determining initial remaining life information of the toner cartridge and indicating
a remaining amount of the toner based on the estimated accumulative usage of the
toner in the toner cartridge;

obtaining weight information indicating a first weight of the toner cartridge at a
first time point at which the remaining amount of the toner is within a predetermined
range;

determining a correction factor indicating an error factor between the estimated
accumulative usage of the toner and an actual accumulative usage of the toner, based
on the obtained weight information and the estimated accumulative usage; and

correcting an amount of toner to be used in an image forming operation to be
performed after the first time point based on the correction factor, and determining

adjusted remaining life information based on the correction factor.

2. The operating method of claim 1, wherein

the determining of the initial remaining life information of the toner cartridge
based on the estimated accumulative usage of the toner cartridge comprises:

determining an estimated accumulative usage rate of the toner, the estimated

accumulative usage rate indicating a ratio of the accumulative usage of the toner to a
31



WO 2020/171847 PCT/US2019/048584

target usage of the toner;

determining, from the estimated accumulative usage rate of the toner, the initial
remaining life information of the toner cartridge including information of a remaining
percentage of the toner; and

displaying the initial remaining life information of the toner cartridge.

3. The operating method of claim 2, wherein

the determining of the correction factor indicating the error factor between the
estimated accumulative usage of the toner and the actual accumulative usage of the
toner, based on the obtained weight information, comprises:

determining a first difference value between an initial weight of the toner
cartridge in an initial state in which the toner cartridge is charged with the toner and the
first weight, and a second difference value between the initial weight and a weight of the
toner cartridge in a state in which the toner cartridge is not charged with the toner,

determining, an actual accumulative usage rate of the toner cartridge, based on
a ratio of the first difference value to the second difference value; and

determining, the correction factor, based on a ratio of the actual accumulative
usage rate of the toner cartridge to the estimated accumulative usage rate of the toner

cartridge.

4. The operating method of claim 1, wherein
the determining the adjusted remaining life information based on the correction
factor comprises:

determining an accumulative usage of the toner after the first time point by
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summing the corrected amount of toner to be used;

determining a total accumulative usage of the toner by summing the estimated
accumulative usage of the toner before the first time point and the accumulative usage
of the toner after the first time point;

determining, from the total accumulative usage of the toner, the adjusted
remaining life information based on the correction factor, and displaying the adjusted

remaining life information based on the correction factor.

5. The operating method of claim 4, wherein
the determining of the total accumulative usage of the toner comprises:
correcting, based on the correction factor, the estimated accumulative usage
before the first time point; and
determining the total accumulative usage by summing the corrected
accumulative usage before the first time point and the accumulative usage of the toner

after the first time point.

6. The operating method of claim 1, further comprising diagnosing the
image forming apparatus, when the correction factor is out of a predetermined range, as

being in a state having defects and displaying a result of the diagnosing.

7. The operating method of claim 6, wherein
the diagnosing of the state of the image forming apparatus corhprises:
diagnosing that supply of the toner from the toner cartridge is excessively low

by determining that the estimated accumulative usage of the toner is greater than the
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actual accumulative usage of the toner, when the correction factor is less than a lowest
value of the predetermined range of the correction factor; and

diagnosing that supply of the toner from the toner cartridge is excessively high
by determining that the actual accumulative usage of the toner is greater than the
estimated accumulative usage of the toner, when the correction factor is greater than a

highest value of the predetermined range of the correction factor.

8. The operating method of claim 1, further comprising outputting a
message to guide a user to measure a weight of the toner cartridge, when the

remaining amount of the toner is within the predetermined range.

9. The operating method of claim 1, wherein the estimating the
accumulative usage of the toner is based on at least one of a number of rotations of a
driving component to rotate a feed member to feed the toner in the toner cartridge, a

driving time, and a number of pixels of image data to form an image.

10. The operating method of claim 1, further comprising, when the toner in
the toner cartridge is directly supplied to a developing portion in the image forming
apparatus, resetting the correction factor each time the toner cartridge is replaced, and
reestablishing the reset correction factor when weight information of the replaced toner

cartridge is obtained.

1. The operating method of claim 1, further comprising, when the toner in

the toner cartridge is indirectly supplied to a developing portion in the image forming
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apparatus via a storage space, reestablishing a next correction factor based on the

determined correction factor as the weight information of the toner cartridge is obtained.

12. A computer program stored in a medium so as to be executed in
combination with an image forming apparatus, the computer program for:

estimating an accumulative usage of toner in a toner cartridge when an image
forming operation is performed;

determining initial remaining life information of the toner cartridge corresponding
to a remaining amount of the toner based on the estimated accumulative usage of the
toner in the toner cartridge

obtaining weight information indicating a first weight of the toner cartridge at a
first time point at which the remaining amount of the toner is within a predetermined
range;

determining a correction factor indicating an error factor between the estimated
accumulative usage of the toner and an actual accumulative usage of the toner, based
on the obtained weight information and the estimated accumulative usage; and

correcting, based on the correction factor, an amount of toner to be used in an
image forming operation to be performed after the first time point, and determining

adjusted remaining life information based on the correction factor.

13. An image forming apparatus comprising:
a main body in which a toner cartridge is mounted,;
a user interface;

a processor; and
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a memory storing instructions executable by the processor, wherein

the processor, by executing the instructions,

estimates an accumulative usage of toner in a toner cartridge when an image
forming operation is performed;

determines initial remaining life information of the toner cartridge corresponding
to a remaining amount of the toner based on the estimated accumulative usage of the
toner in the toner cartridge,

obtains weight information indicating a first weight of the toner cartridge at a
first time point at which the remaining amount of the toner is within a predetermined
range,

determines a correction factor indicating an error factor between the estimated
accumulative usage of the toner and an actual accumulative usage of the toner, and

corrects, based on the correction factor, an amount of toner to be used in an
image forming operation to be performed after the first time point and determines

adjusted remaining life information based on the correction factor.

14. The image forming apparatus of claim 13, wherein

the processor, by executing the instructions,

receives, through the user interface, information regarding an initial weight
when the toner is charged in the toner cartridge and a weight of the toner cartridge
when the toner is not charged in the toner cartridge,

determines, at the first time point when the first weight information is received
through the user interface, a first difference value between the initial weight and the first

weight and a second difference value between the initial weight and the weight of the
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cartridge when the toner is not charged in the toner cartridge,

determines an actual accumulative usage rate of the toner cartridge based on a
ratio of the first difference value to the second difference value, and

determines the correction factor, based on a ratio of the actual accumulative

usage of the toner cartridge to the estimated accumulative usage of the toner cartridge.

15. The image forming apparatus of claim 13, wherein

the processor, by executing the instructions,

determines an accumulative usage of the toner after the first time point by
summing the corrected amount of toner to be used,

determines a total accumulative usage of the toner by summing the estimated
accumulative usage of the toner before the first time point and the accumulative usage
of the toner after the first time point,

determines the adjusted remaining life information based on the correction
factor, from the total accumulative usage of the toner, and

displays, through the user interface, the adjusted remaining life information

based on the correction factor.
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FIG. 2
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USAGE OF TONER IN TONER CARTRIDGE THAT IS ESTIMATED
AS IMAGE FORMING OPERATION IS PERFORMED

— 210

|

OBTAIN WEIGHT INFORMATION INDICATING FIRST WEIGHT
OF TONER CARTRIDGE AT FIRST TIME POINT WHERE — 220
REMAINING AMOUNT OF TONER IS WITHIN CERTAIN RANGE

|

OBTAIN CORRECTION FACTOR INDICATING ERROR FACTOR
BETWEEN ACCUMULATIVE USAGE OF TONER AND ACTUAL  |—230
ACCUMULATIVE USAGE OF TONER, BASED ON WEIGHT INFORMATION

|

CORRECT, BY USING CORRECTION FACTOR, AMOUNT OF
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( END )
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FIG. 7

START

710

PCT/US2019/048584

115

IS CORRECTION FACTOR

WITHIN CERTAIN RANGE?

GUIDE USER TO MEASURE
WEIGHT OF TONER CARTRIDGE

125

CORRECTION
FACTOR < LOWEST LIMIT OF
CERTAIN RANGE?

YES

DETERMINE SUPPLY OF TONER
FROM TONER CARTRIDGE IS
EXCESSIVELY LOW

735

HIGHEST LIMIT
IN CERTAIN RANGE <
CORRECTION FACTOR?

YES

DETERMINE SUPPLY OF TONER
FROM TONER CARTRIDGE IS
EXCESSIVELY HIGH




PCT/US2019/048584

WO 2020/171847

8/11

(6) 3DAIH1IHYO HINOL 40 LHOIIM
G/0I

Glcl

G/8

G/9

Gy

Glc
%0

|enjoey

%01

%0¢

%0€

%01
%0G

%09

%01

%08

%06

%001

(%) NOILVNHOSNI 3417 ONINIVAIY

%0 %E L 0G0¥S6GEY | 586 Glc
%0 | %1lc 1G2G09G6¢E | 068 0.€
%EC %V E 19€9¢ 1 cEE | 091 00S
%6¢ %6€ Ly Ly 0E | 002 09¢
%EV %0G GG66600G¢ | S9G G69
% VS %65 Gv066.E0¢ | 0GY 018
% 19 %99 GEL8Y 691 | G8E G/8
%L %9. GEc8Gcacl | v1¢ 986
% 18 %E8 £cL59/v8 | v81 901
% L6 %6 vIESBLLY | 06 0LLL
%001 [ %00L |0 0 09¢ |
|enjoey| oeoy v pasn—w | (B)W
018

8 "OId




PCT/US2019/048584

WO 2020/171847

9/11

(6) 3DAIH1IHYO HINOL 40 LHOIIM
G/9

G/¢l G/01L  G/8

Gy

Glc

OB ———

4

W

7
e

\\

[ enioey ——

7

(¥4

%0
%01
%0¢
%0€
%01
%0G
%09
%01
%08
%06
%001

(%) NOILVNHOSNI 3417 ONINIVAIY

%0 G86 Glc
%01 068 0.€
%€¢ 094 00G
%6¢ 004 096
%EY G9G G69
%S %65 G¥066.€£0¢ | 0SY 018
% L9 %99 GE18Y 1691 [ G8E G/8
%c. %91 GEc8Geecl | vic 986
% |8 %€8 €2199/v8 | v81 9/01
%16 %26 v1ES8LLY | 06 0LL1
%00F [ %001 |0 0 09¢!
[enjoe Y| Oed Y A pasn—uw A@v_\/_
016

6 "OId




PCT/US2019/048584

WO 2020/171847

10/11

(6) 3DAIH1IHYO HINOL 40 LHOIIM

G/¢l G/01L  G/8

G/9

Gy

Glc

OB ———

%0
%01

[ enioey ——

%0¢

%0€
%01

%0G

%09
%01

%08
%06

%001

(%) NOILVNHOSNI 3417 ONINIVAIY

%0 G86 Glc
%01 068 0.€
%€¢ 094 00G
%6¢ 004 096
%EY G9G G69
%S 0SY 018
% L9 %99 GE18Y 1691 [ G8E G/8
%c. %91 GEc8Geecl | vic 986
% |8 %€8 €2199/v8 | v81 9/01
%16 %26 v1ES8LLY | 06 0LL1
%00F [ %001 |0 0 09¢!
[enjoe Y| ,0/ed H WV pasn—uw A@v_\/_
010}

0T "OId




WO 2020/171847 PCT/US2019/048584
11/11

FIG. 11

10

IMAGE FORMING APPARATUS

1110 1140

L

TONER
CARTRIDGE UNIT

/,1120

USER
INTERFACE

1130

L

PROCESSOR

MEMORY




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2019/048584

A CLASSIFICATION OF SUBJECT MATTER

GO3G 15/08 (2006.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO03G 15/00-15/08, B41L 47/56

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

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

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2015/0063839 A1 (CANON KABUSHIKI KAISHA) 05.03.2015, abstract, 1-15
paragraphs [0009], [0035] - [0090], fig. 1-6, 11
Y US 9477174 B1 (XEROX CORPORATION) 25.10.2016, claims, examples, fig. 1, 2 1-15
Y US 2015/0003847 Al (XEROX CORPORATION) 01.01.2015, abstract, paragraphs 2-8
[0006], [0021], [0067]
Y US 7415214 B2 (SHARP KABUSHIKI KAISHA) 19.08.2008, abstract, fig. 1 9
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

29 QOctober 2019 (29.10.2019)

Date of mailing of the international search report

05 December 2019 (05.12.2019)

Name and mailing address of the ISA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
A. Khimachev

Telephone No. 8(495) 531-64-81

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report

