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(54) IMAGE FORMING APPARATUS

(57) An image forming apparatus (1000) includes a
developer bearer (31) configured to bear developer, a
container (8) configured to contain the developer, a de-
veloper supplier (32) configured to supply the developer
supplied from the container (8) to the developer bearer

(31), and a controller (900). The controller (900) is con-
figured to perform a pixel thinning rate control that thins
out a pixel based on an amount of the developer con-
veyed on the developer bearer (31).
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure gener-
ally relate to an image forming apparatus.

Description of the Related Art

[0002] In an electrophotographic image forming appa-
ratus, image density is adjusted. For example, JP-
2018-010230-A discloses the image forming apparatus
that adjusts a pixel thinning rate based on a fixing pres-
sure and paper information.
[0003] However, JP-2018-010230-A does not mind
how to improve a yield that is the number of sheets having
images that one toner cartridge can print.

SUMMARY

[0004] An object of the present disclosure is to provide
an image forming apparatus that can control image den-
sities to be suitable and increase a yield. In order to
achieve this object, there is provided an image forming
apparatus according to claim 1. Advantageous embodi-
ments are defined by the dependent claims.
[0005] Advantageously, the image forming apparatus
includes a developer bearer configured to bear develop-
er, a container configured to contain the developer, a
developer supplier configured to supply the developer
supplied from the container to the developer bearer, and
a controller. The controller is configured to perform a pixel
thinning rate control that thins out a pixel based on an
amount of the developer conveyed on the developer
bearer.
[0006] According to the present disclosure, the image
forming apparatus can control the image densities to be
suitable and increase the yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure would
be better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawings, wherein:

FIG. 1 is a schematic cross-sectional view illustrating
a configuration of an image forming apparatus ac-
cording to an embodiment of the present disclosure;
FIG. 2 is a schematic explanatory view illustrating
attachment and detachment of a process unit to and
from an apparatus body of the image forming appa-
ratus of FIG. 1;
FIG. 3 is a schematic cross-sectional view illustrating
a configuration of a developing device provided in a

process unit of the image forming apparatus of FIG.
1;
FIG. 4 is a graph illustrating an example of changes
in developing characteristic with increase in the
number of printed sheets;
FIGS. 5A to 5D are diagrams illustrating examples
of dot patterns of some pixels with some pixel thin-
ning rates;
FIG. 6 is a graph illustrating a pixel thinning rate con-
trol with the increase in the number of printed sheets,
according to an embodiment of the present disclo-
sure;
FIG. 7A is a graph illustrating toner consumption in
a comparative example;
FIG. 7B is a graph illustrating toner consumption in
the embodiment of the present disclosure;
FIG. 8 is a graph illustrating a relation between
amounts of developer conveyed on a developing roll-
er and pixel thinning rates; and
FIG. 9 is a flowchart illustrating procedures of the
pixel thinning rate control.

[0008] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0009] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.
[0010] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.
[0011] The following is a description of the present dis-
closure with reference to attached drawings. In the draw-
ings for explaining the present disclosure, identical ref-
erence numerals are assigned to elements such as mem-
bers and parts that have an identical function or an iden-
tical shape as long as differentiation is possible, and a
description of those elements is omitted once the de-
scription is provided.
[0012] Hereinafter, an image forming apparatus ac-
cording to embodiments of the present disclosure are
described in detail with reference to the accompanying
drawings. The image forming apparatus according to the
present embodiment forms images by an electrophoto-
graphic method and has the following features in an im-
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age density control to reduce toner consumption. In short,
the image forming apparatus according to the present
embodiment uses a characteristic that the increase in
the number of printed sheets darkens the image and in-
creases a pixel thinning rate with the increase in the
number of printed sheets to maintain a constant image
density and save toner consumption.
[0013] FIG. 1 is a schematic cross-sectional view illus-
trating a configuration of an image forming apparatus
1000 including a developer replenishment control sys-
tem. The image forming apparatus 1000 is a mono-
chrome image forming apparatus including an apparatus
body 100 in which a process unit 1 as an image forming
unit is removably installed. The process unit 1 includes
a photoconductor 2 as an image bearer to bear images
on a surface of the photoconductor 2, a charging roller 3
as a charger to charge the surface of the photoconductor
2, a developing device 4 to develop a latent image on
the photoconductor 2 into a visible image, and a cleaning
blade 5 as a cleaner to clean the surface of the photo-
conductor 2. In addition, the process unit 1 includes a
toner cartridge 7 as a storage unit that stores toner as a
developer. The toner cartridge 7 is detachably attached
to the process unit 1.
[0014] The toner cartridge 7 includes a toner container
8 to store toner supplied to an image forming portion of
the developing device 4 and a toner collection container
9 to collect waste toner removed by the cleaning blade
5. The toner container 8 and the toner collection container
9 integrally form a container body 22. The developing
device 4 in the present embodiment uses one-compo-
nent developer including toner particles and not including
carrier. Additionally, for example, toner used in the
present embodiment is polyester toner including polyes-
ter resin mother particles.
[0015] The image forming apparatus 1000 further in-
cludes a light-emitting diode (LED) head array 6 as an
exposure device to expose the surface of the photocon-
ductor 2, disposed facing the photoconductor 2. In addi-
tion to the process unit 1, the image forming apparatus
1000 includes a transfer device 10, a sheet feeder 11, a
fixing device 12, and an output device 13. The transfer
device 10 transfers an image onto a sheet P as a record-
ing medium. The sheet feeder 11 feeds or supplies the
sheet P. The fixing device 12 fixes the transferred image
onto the sheet P. The output device 13 ejects the sheet
P outside the apparatus body 100. The sheets P may be
thick paper, post cards, envelopes, plain paper, thin pa-
per, coated paper, art paper, tracing paper, or the like.
The sheets P as recording media may be overhead pro-
jector (OHP) transparencies (OHP sheets).
[0016] The transfer device 10 includes a transfer roller
14 as a transfer member. The transfer roller 14 is in con-
tact with the photoconductor 2 when the process unit 1
is installed in the apparatus body 100 of the image form-
ing apparatus 1000. A transfer nip region is formed at a
contact part at which the photoconductor 2 and the trans-
fer roller 14 contact to each other. The transfer roller 14

is applied with at least one of a predetermined direct cur-
rent (DC) voltage and a predetermined alternating cur-
rent (AC) voltage. The sheet feeder 11 includes a sheet
tray 15 that loads a plurality of sheets P and a feed roller
16 that feeds an uppermost sheet P of the plurality of
sheets P loaded on the sheet tray 15 toward a registration
roller pair 17. The registration roller pair 17 is disposed
downstream from the feed roller 16 in a conveyance di-
rection of the sheet P. The registration roller pair 17 func-
tions as a timing roller pair to convey the sheet P to a
transfer nip region at a proper timing of conveyance of
the sheet P.
[0017] The fixing device 12 includes a fixing roller 18
as a fixing member and a pressure roller 19 as a pressure
member. A heater heats the fixing roller 18. The pressure
roller 19 is pressed against and contacts the fixing roller
18 to form a fixing nip in the area of contact between the
pressure roller 19 and the fixing roller 18. The output
device 13 includes an output roller pair 20. The output
roller pair 20 ejects the sheet P outside the apparatus
body 100. The ejected sheet P is stacked on an output
tray 21 that is a partly recessed upper face of the appa-
ratus body 100. The developer replenishment control
system may be configured by the toner cartridge 7, the
developing device 4, a remaining amount detector that
detects a remaining amount of the developer remaining
in the image forming portion of the developing device 4,
and a controller 900 that controls an amount of the de-
veloper supplied from the storage unit to the image form-
ing portion of the developing device 4.
[0018] FIG. 2 is a schematic explanatory view illustrat-
ing attachment/detachment of a process unit 1 to/from
the apparatus body 100 of the image forming apparatus
1000. In the image forming apparatus 1000, an openable
and closable cover 101 is provided on a rear side of the
apparatus body 100. Opening the cover 101 causes a
link mechanism to retract the light-emitting diode head
array 6 upward. The above-described configuration en-
ables an operator to open the cover 101 and remove the
process unit 1 from the rear side (or right or left side) of
the apparatus body 100 avoiding the interference be-
tween the light-emitting diode head array 6 and the proc-
ess unit 1. In the present embodiment, the process unit
1 attached the toner cartridge 7, as one unit, can be in-
stalled in or removed from the rear side (or the right or
left side) of the apparatus body 100. The toner cartridge
7 is attachable to and detachable from the process unit
1 both when the process unit 1 is installed in the appa-
ratus body 100 and when the process unit 1 is removed
from the apparatus body 100.
[0019] FIG. 3 is a schematic cross-sectional view illus-
trating a configuration of the developing device 4 provid-
ed in the process unit 1 of the image forming apparatus
1000. The developing device 4 provided in the process
unit 1 includes a development housing 30 that accom-
modates toner, and a developing roller 31 as a developer
bearer to bear toner. The development housing 30 can
be regarded as an image forming portion of the develop-
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ing device 4. In addition, the developing device 4 includes
a supply roller 32 as a developer supplier to supply toner
to the developing roller 31, a doctor blade 33 as a regu-
lator to regulate an amount of toner borne on the devel-
oping roller 31, a first developer conveyor 34, and a sec-
ond developer conveyor 35. The first developer conveyor
34 and the second developer conveyor 35 convey the
toner.
[0020] The developing roller 31 rotates counterclock-
wise in FIG. 3 as indicated an arrow illustrated in FIG. 3
and transports developer carried thereon to a position
facing the doctor blade 33 and a position facing the pho-
toconductor 2. The supply roller 32 abuts against the de-
veloping roller 31 and supplies toner in the development
housing 30 to a surface layer of the developing roller 31
by rotating counterclockwise in FIG. 3, that is, in a direc-
tion counter to the direction of rotation of the developing
roller 31. In the present embodiment, the ratio of rota-
tional frequency of the supply roller 32 to that of the de-
veloping roller 31 is 1 so that toner can be supplied reli-
ably. One end of the doctor blade 33 is in contact with a
surface of the developing roller 31, forming a regulation
nip therebetween. While toner supplied to the developing
roller 31 by the supply roller 32 passes through the reg-
ulation nip between the developing roller 31 and the doc-
tor blade 33, the amount of toner is adjusted. Simultane-
ously, toner is charged by friction.
[0021] A toner cartridge 7 contains fresh toner to be
supplied and is detachably attached to an upper portion
of the development housing 30. Therefore, the upper por-
tion of the development housing 30 has a supply port 30a
to supply the toner in the toner cartridge 7 into the devel-
opment housing 30.
[0022] The toner is supplied to the development hous-
ing 30 according to detection results by a remaining
amount detecting sensor as the remaining amount de-
tector configured to detect an amount of toner remaining
in the development housing 30. That is, when the remain-
ing amount detecting sensor detects that the toner has
been consumed in the development housing 30 and the
toner amount has become equal to or less than a prede-
termined value, the toner cartridge 7 is driven for a pre-
determined time. As a result, a predetermined amount
of toner is supplied to the development housing 30. When
the predetermined amount of toner is supplied to the de-
velopment housing 30, the controller 900 as a control
device provided in the image forming apparatus 1000
adjusts a driving amount of a driving mechanism based
on a remaining amount lower limit value, a remaining
amount upper limit value, which are predetermined, and
the remaining amount of toner detected by the remaining
amount detecting sensor and drives the drive mecha-
nism. As a result, the controller 900 controls the amount
of toner supplied from the toner cartridge 7 as the storage
unit to the image forming portion of the developing device
4 (the development housing 30).
[0023] A partition 36 substantially parallel to an axis
direction of the developing roller 31 is disposed inside

the development housing 30. The partition 36 divides,
but not completely, the development housing 30 into a
first compartment A including the supply port 30a and a
second compartment B including the developing roller
31, the doctor blade 33, and the like. The partition 36
extends in the vertical direction. The first compartment
A and the second compartment B are arranged horizon-
tally adjacent to each other. The first developer conveyor
34 is disposed in the first compartment A, and the second
developer conveyor 35 is disposed in the second com-
partment B. The developing device 4 and the toner car-
tridge 7 may be configured as one unit.
[0024] The image forming apparatus 1000 according
to the present embodiment, that is, for example, an in-
expensive small printer uses the characteristic that the
increase in the number of printed sheets darkens the
image and performs control that increases a pixel thin-
ning rate step by step with the increase in the number of
printed sheets. The above-described control can keep
the image density constant and reduce the toner con-
sumption.
[0025] Specifically, the supply roller 32 formed of a sin-
gle foam silicon material has a high developer supply
performance. As illustrated in FIG. 4, in the supply roller
32, the increase in the number of printed sheets causes
an increase in the amount of the developer conveyed
onto the developing roller 31. The increase in the amount
of the developer on the developing roller 31 causes an
increase in a slope of the developing characteristic and
increases the image density. The reason why the supply
roller 32 formed of the single foam silicon material is used
is that a high developer supply performance gives good
followability in printing a lot of solid images.
[0026] The controller 900 performs a pixel thinning rate
control as illustrated in FIGS. 5A to 5D and FIG. 6 when
the image density increases as described above. In the
pixel thinning rate control, the controller 900 thins out a
pixel (for example, a solid pixel) having a predetermined
image density or higher from the image in units of one
dot or a plurality of predetermined number of dots forming
the image. The pixel thinning rate control enables the
controller 900 to adjust the image density to keep the
image density constant and reduce the toner consump-
tion. FIGS. 5A to 5D illustrate examples of pixels each
of which is configured by four dots in a vertical direction
by four dots in a horizontal direction after the pixel thin-
ning rate control is performed based on the image den-
sity. In the pixel thinning rate control, the pixels forming
the image are thinned based on pixel thinning rates, for
example, as illustrated in FIG. 5A illustrating an image
with 0% pixel thinning rate, FIG. 5B illustrating an image
with 25% pixel thinning rate, FIG. 5C illustrating an image
with 50% pixel thinning rate, and FIG. 5D illustrating an
image with 75% pixel thinning rate.
[0027] As illustrated in FIG. 6, the controller 900 per-
forms the above-described pixel thinning rate control so
that the pixel thinning rate becomes higher as the number
of printed sheets increases. The controller 900 counts

5 6 



EP 3 798 733 A1

5

5

10

15

20

25

30

35

40

45

50

55

up the number of printed sheets when the image is
formed on the photoconductor 2 in a Photo Conductor
Drum Unit (PCDU). In FIG. 6, a pixel thinning rate 601
means 0% pixel thinning rate as illustrated in FIG. 5A.
As the number of images formed on the photoconductor
2 increases, the controller 900 increases the pixel thin-
ning rate, for example, the pixel thinning rate 602 → the
pixel thinning rate 603 → the pixel thinning rate 604 in
FIG. 6. In FIG. 6, the pixel thinning rate 602 means 25%
pixel thinning rate as illustrated in FIG. 5B, the pixel thin-
ning rate 603 means 50% pixel thinning rate as illustrated
in FIG. 5C, and the pixel thinning rate 604 means 75%
pixel thinning rate as illustrated in FIG. 5D. Performing
the above-described pixel thinning rate control results in
an increase of yield that is the number of sheets having
images that one toner cartridge can print.
[0028] FIG. 7A is a graph illustrating toner consumption
in a comparative example in which the controller 900
does not perform the pixel thinning rate control, and FIG.
7B is a graph illustrating toner consumption in the present
embodiment in which the controller 900 performs the pix-
el thinning rate control. In FIGS. 7A and 7B, the horizontal
axis represents the number of printed sheets, and the
vertical axis represents the toner amount (g) in the toner
cartridge. FIG. 7A illustrates toner consumption 701a for
the first toner cartridge, toner consumption 702a for the
second toner cartridge, toner consumption 703a for the
third toner cartridge, toner consumption 704a for the
fourth toner cartridge, and toner consumption 705a for
the fifth toner cartridge when the controller 900 does not
perform the pixel thinning rate control. As illustrated in
FIG. 7A, as the number of consumed toner cartridges
increases, the number of printed sheets per one toner
cartridge, that is, the yield decreases.
[0029] FIG. 7B illustrates toner consumption 701b for
the first toner cartridge, toner consumption 702b for the
second toner cartridge, toner consumption 703b for the
third toner cartridge, toner consumption 704b for the
fourth toner cartridge, and toner consumption 705b for
the fifth toner cartridge when the controller 900 performs
the pixel thinning rate control. The controller 900 accord-
ing to the present embodiment performs the pixel thinning
rate control so that the toner consumption amount is kept
constant even when the number of printed sheets in-
creases. Therefore, as illustrated in FIG. 7B, even when
the number of consumed toner cartridges increases, the
number of printed sheets per one toner cartridge, that is,
the yield does not decrease. That is, the pixel thinning
rate control performed by the controller 900 according to
the present embodiment can improve the yield.
[0030] FIG. 8 is a graph illustrating an example of a
relation between amounts of developer conveyed on the
developing roller and pixel thinning rates. As illustrated
in FIG. 8, in the present embodiment, the controller 900
determines the pixel thinning rate based on the amount
of developer conveyed on the developing roller. For ex-
ample, in FIG. 8, the controller 900 does not perform the
pixel thinning rate control when the amount of developer

conveyed on the developing roller is equal to or smaller
than 0.80 mg/cm2 that is a threshold, and as the amount
of developer conveyed on the developing roller increas-
es, the controller 900 increases the pixel thinning rate.
The controller 900 may calculate the image density
based on a detection result of a film thickness of the pho-
toconductor, the number of the printed sheets, and an
environment and change the pixel thinning rate based
on the calculated image density. As the number of printed
sheets increases, the amount of developer conveyed on
the developing roller changes, and the image density in-
creases. Since the above-described control changes the
pixel thinning rate based on the increase in the image
density, the controller can visually keep the image density
constant and improve the yield.
[0031] FIG. 9 is a flowchart illustrating procedures of
the pixel thinning rate control. The pixel thinning rate con-
trol is performed by, for example, the controller 900 that
controls the entire image forming apparatus 1000. In the
present embodiment, the controller 900 is disposed in
the image forming apparatus 1000 and performs the pixel
thinning rate control. Alternatively, the controller 900 may
be disposed in the process unit 1 or the developing device
4 and perform control of operations of the process unit 1
or the developing device 4 in addition to the pixel thinning
rate control.
[0032] The controller 900 may be general hardware
configured by a processor such as a central processing
unit (CPU). The processor executes a program to per-
form the above-described control. Note that the main part
that executes the program to perform the control may be
the processor including a dedicated circuit, for example,
a Field-Programmable Gate Array (FPGA) or an Appli-
cation Specific Integrated Circuit (ASIC) to perform spe-
cific processing.
[0033] As illustrated in FIG. 9, when the controller 900
in the present embodiment starts printing, the controller
900 checks a travel distance of the photoconductor 2 in
the PCDU in step S902. In step S903, the controller 900
calculates the amount of developer conveyed on the de-
veloping roller. To calculate the amount of developer con-
veyed on the developing roller, for example, the controller
900 may read a value detected by a density sensor and
multiply the value by the travel distance of the photocon-
ductor 2. Alternatively, the controller 900 may store the
amount of developer conveyed on the developing roller
according to the traveling distance of the photoconductor
2 as a table in advance and read the table to obtain the
amount of developer conveyed on the developing roller.
[0034] In step S904, the controller 900 determines
whether the traveling distance after the toner cartridge 7
is replaced is equal to or greater than a threshold value.
When the controller 900 determines that the traveling
distance after the toner cartridge 7 is replaced is equal
to or greater than the threshold value (Yes in step S904),
the controller 900 proceeds the control to step S906. On
the other hand, when the controller 900 determines that
the traveling distance after the toner cartridge 7 is re-
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placed is not equal to or greater than the threshold value
(No in step S904), the controller 900 proceeds the control
to step S905. The controller 900 obtains the traveling
distance from the usage history of the toner cartridge 7.
The usage history is the history when the process unit 1
is operated using the toner cartridge 7 such as the
number of printed sheets at a toner end, the average
number of printed sheets per one job (P/J), and a printing
rate in addition to the above-described traveling distance.
The number of printed sheets at the toner end is the
number of sheets printed from the first use of the toner
cartridge 7 to immediately before replacement of the ton-
er cartridge 7. The average number of printed sheets per
one job (P/J) is an average value of the number of sheets
printed continuously using the toner cartridge 7. For ex-
ample, when the image forming apparatus 1000 contin-
uously prints five sheets 500 times, continuously prints
three sheets 1000 times, and prints only one sheet 2000
times, the average number of printed sheets per one job
(P/J) is (5 3 500 +3 3 1000 + 1 3 2500) / (500 + 1000
+ 2500) = 1.5. The printing rate is the ratio of a printing
area per one sheet area. The usage history is stored in,
for example, a memory held by the controller 900.
[0035] In step S905, the controller 900 reads the usage
history of the toner cartridge 7 before the replacement of
the toner cartridge 7, that is, the usage history of the toner
cartridge 7 in the previous generation from the memory
and estimates an increase in the amount of developer
conveyed on the developing roller. The following is the
reason for making the above-described estimation in
S905. There is little toner in the process unit 1 immedi-
ately before the replacement of the toner cartridge 7.
Therefore, a lot of toner is supplied to the process unit 1
that had little toner for a while immediately after the re-
placement of the toner cartridge 7. Supplying a lot of toner
temporarily increases the amount of developer conveyed
on the developing roller, which is different from an original
amount of developer conveyed on the developing roller.
[0036] After step S905, in step S906, the controller 900
determines the pixel thinning rate used for image correc-
tion based on the amount of developer conveyed on the
developing roller estimated in S905. When the controller
900 determines that the traveling distance after the toner
cartridge 7 is replaced is equal to or greater than the
threshold value (Yes in step S904), in step S906, the
controller 900 determines the pixel thinning rate used for
image correction based on the amount of developer con-
veyed on the developing roller calculated in S903. Finally,
the controller 900 completes the control flow according
to the present embodiment. To determine the pixel thin-
ning rate based on the amount of developer conveyed
on the developing roller in step S906, for example, the
memory may store the graph data illustrated in FIG. 8,
and the controller 900 may read the data and calculate
the pixel thinning rate.
[0037] The developing device 4 in the present embod-
iment includes the developing roller 31 as the developer
bearer to bear the developer and the supply roller 32 as

the developer supplier to supply the developer supplied
from a container such as the toner container 8 to the
developer bearer, and the controller 900 performs the
pixel thinning rate control that thins out the pixel having
the predetermined image density or higher based on the
amount of developer conveyed on the developing bearer.
The above-described image forming apparatus 1000 can
adjust the image density and improve the yield because
the controller 900 performs the pixel thinning rate control
that increases the pixel thinning rate based on the in-
crease in the image density, that is, the increase in the
amount of developer conveyed on the developing roller.
For example, the inexpensive small printer has the char-
acteristic that the increase in the number of printed sheets
darkens the image. Using this characteristic and increas-
ing the pixel thinning rate step by step can keep the image
density constant and reduce the toner consumption. In
the image forming apparatus 1000 according to the
present embodiment, since the controller 900 automati-
cally determines the pixel thinning rate corresponding to
the image density during printing, the user does not need
to set the pixel thinning rate that is a troublesome oper-
ation, and the life of the toner cartridge can be length-
ened.
[0038] The controller 900 performs the pixel thinning
rate control that changes the pixel thinning rate of the
pixel based on the number of printed sheets at the toner
end that is the number of sheets printed from the first use
of the new toner cartridge 7 to immediately before re-
placement of the used toner cartridge 7. For example,
the controller 900 reads the usage history of the toner
cartridge 7 one cycle before, from the memory, and
changes the pixel thinning rate based on the number of
printed sheets at the toner end that is included in the
usage history. The pixel thinning rate corresponding to
the number of printed sheets at the toner end may be
held in the table stored in the memory. Changing the pixel
thinning rate based on the number of printed sheets at
the toner end that is included in the usage history of the
used toner cartridge 7 that is the actual data can more
accurately stabilize the image density.
[0039] The controller 900 calculates a print character-
istic value of the container based on the number of printed
sheets at the toner end and the average value of the
number of sheets printed continuously using the toner
cartridge 7, that is, the average number of printed sheets
per one job (P/J) and performs the pixel thinning rate
control based on the calculated print characteristic value
of the container. For example, the controller 900 calcu-
lates a value obtained by dividing the number of printed
sheets at the toner end by the average number of printed
sheets per one job (P/J) and changes the pixel thinning
rate based on the value. The pixel thinning rate corre-
sponding to the value may be held in the table stored in
the memory. Changing the pixel thinning rate based on
the value that is calculated from the actual data included
in the usage history of the used toner cartridge 7 can
more accurately stabilize the image density.
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[0040] Alternatively, the controller 900 may calculate
a print characteristic value of the container based on the
number of printed sheets at the toner end and the printing
rate that is the ratio of a printing area per one sheet area
and performs the pixel thinning rate control based on the
calculated print characteristic value of the container. For
example, the controller 900 calculates a value obtained
by multiplying the printing rate by the number of printed
sheets at the toner end and changes the pixel thinning
rate based on the value. The pixel thinning rate corre-
sponding to the value may be held in the table stored in
the memory. Changing the pixel thinning rate based on
the value that is calculated from the actual data included
in the usage history of the used toner cartridge 7 can
more accurately stabilize the image density. The control
that changes the pixel thinning rate using these actual
data may be appropriately combined and used if neces-
sary.
[0041] The developer supplier is formed of a single
foam silicon material. As the number of the printed sheets
increases, the slope of the developing characteristic in
the developing device using the developer supplier in-
creases, and the image density increases. The cells of
the developer supplier may have a diameter of 200 to
300 mm. For example, it is preferable to use the developer
supplier having a foamed elastic layer such as a single
foam silicon material layer having an average cell diam-
eter of 200 to 300 mm. In the measurement of the cell
diameter, a microscope is generally used. In the calcu-
lation of the average cell diameter, cell diameters are
measured at 100 to 500 points, and the average sell di-
ameter is calculated. The above-described configuration
can improve a supply property without toner blocking dur-
ing continuous printing.
[0042] Preferably, the developing device uses the de-
veloper made by a pulverization method, and the con-
troller performs the pixel thinning rate control because
the developer made by the pulverization method has
wide material selectivity and is easy to adjust a charging
ability. In addition, since the shape of the toner made by
the pulverization method is irregular, the toner easily ad-
heres to the supply roller.
[0043] Additionally, the controller 900 may perform the
pixel thinning rate control in a solid image portion having
a predetermined area or more. The above-described
control can control the image density and prevent letters
and thin lines from blurring.
[0044] The present disclosure has been described as
above on the basis of preferred embodiments. The
present disclosure is not limited to the description in the
above embodiments, and various modifications may be
made without departing from the scope and spirit of the
present disclosure.
[0045] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
above teachings, the present disclosure may be prac-
ticed otherwise than as specifically described herein.

With some embodiments having thus been described, it
will be obvious that the same may be varied in many
ways. Such variations are not to be regarded as a de-
parture from the scope of the present disclosure and ap-
pended claims, and all such modifications are intended
to be included within the scope of the present disclosure
and appended claims.

Claims

1. An image forming apparatus (1000) comprising:

a developer bearer (31) configured to bear de-
veloper;
a container (8) configured to contain the devel-
oper;
a developer supplier (32) configured to supply
the developer supplied from the container (8) to
the developer bearer (31); and
a controller (900) configured to perform a pixel
thinning rate control to thin out a pixel based on
an amount of the developer conveyed on the
developer bearer (31).

2. The image forming apparatus (1000) according to
claim 1,
wherein the controller (900) is configured to change
a pixel thinning rate of the pixel based on a number
of printed sheets at a toner end that is a cumulative
number of sheets printed from a first use of the con-
tainer to immediately before replacement of the con-
tainer.

3. The image forming apparatus according to claim 2,
wherein the controller (900) is configured to calculate
a print characteristic value of the container (8) based
on the number of printed sheets at the toner end and
an average number of printed sheets per one job
while the container (8) is used and change the pixel
thinning rate of the pixel based on the print charac-
teristic value of the container (8).

4. The image forming apparatus (1000) according to
claim 2 or 3,
wherein the controller (900) is configured to calculate
a print characteristic value of the container (8) based
on the number of printed sheets at the toner end and
a printing rate and change the pixel thinning rate of
the pixel based on the print characteristic value of
the container (8).

5. The image forming apparatus (1000) according to
any one of claims 1 to 4,
wherein the developer supplier is formed of a single
foam silicon material.

6. The image forming apparatus (1000) according to
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claim 5
wherein a cell of the developer supplier (32) has a
diameter of 200 to 300 mm.

7. The image forming apparatus (1000) according to
any one of claims 1 to 6,
wherein the developer is made by a pulverization
method.

8. The image forming apparatus (1000) according to
any one of claims 1 to 7,
wherein the controller (900) is configured to perform
the pixel thinning rate control on a solid image portion
having a predetermined area or more.
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