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ABSTRACT

When an edge effect or sweeping occurs in a developing
material, pixels, among a plurality of pixels that configure
image data, will arise in which a developing material con-
sumption amount rises beyond an original consumption
amount. A CPU corrects the developing material consump-
tion amount for the pixels, among the plurality of pixels that
configure the image data, in which the developing material
consumption amount will rise beyond the original consump-
tion amount.

8
HosT 1
104 COMPUTER
~
71 /9
2 ) . .
IMAGE COMPUTATIONUNIT 43
EXPOSURE
'
DEVICE 10—
A " exposure
) 72 L—H CONTROL UNIT || STORAGE DEVICE
‘ ¥
‘ & 1":1 | miaGE MEMORY
N
i
i
DETECTION
DEVICE
. {
12
4




US 2016/0320722 Al

Nov. 3,2016 Sheet 1 of 12

Patent Application Publication

4}
{
I0IASC PP
NOILOAL3A
| i H~2it
e b UL &L
AHOWIN 2OV
-~ 11 /
LIND TOMINGD
30IA30 IOVHOLS Attt
\ma< Nds 0k -
FHNSOdYS
8L LINANOULYLINGNOD 30w ] » o
v WA
\\.
HALNAANOD L0
m\ 1S0H




Patent Application Publication  Nov. 3,2016 Sheet 2 of 12 US 2016/0320722 A1

"\_./‘gs




Patent Application Publication  Nov. 3,2016 Sheet 3 of 12 US 2016/0320722 A1
N
> 14
y -
> 18

UNEXPOSED
AREA

i }
i i UNEXPOSED
g EXPOSED AREA E AREA 4
mmmmmmmmmmmm ‘\
/ —
\ \
300 302






Patent Application Publication  Nov. 3,2016 Sheet 5 of 12 US 2016/0320722 A1

502b

501b

503b




US 2016/0320722 Al

Nov. 3,2016 Sheet 6 of 12

Patent Application Publication

> 8601

i

> 5602

> 8603




US 2016/0320722 Al

Nov. 3,2016 Sheet 7 of 12

Patent Application Publication

(TATA

N

Pl
| NOTSHIAND ¢
IA
.\\
90€2
T
at1| 2
S
\\
6002
I0IAIA NSOdXT
.\x
L

VA

gﬂgw

Hag

T Hi=dp

o3

I
220e

£00e

LINA TCHINOD FHNSOdX3

7
6




Patent Application Publication  Nov. 3,2016 Sheet 8 of 12 US 2016/0320722 A1




US 2016/0320722 Al

Nov. 3,2016 Sheet 9 of 12

Patent Application Publication

7N

w@m
1INM ONLLLIS :Mm LN mwm
Wianvevd [ zowrﬁ%a N
606 —~ -
A1 0Le"
% k4
1INM NOLLOZNHoD | LINNONIZATYNY |
INNOWY 3unsodXa [*7 JOVINI * ]
- L06 7 ¥06
€06 106
{
0L




FARAMETER

Patent Application Publication  Nov. 3,2016 Sheet 10 of 12  US 2016/0320722 A1l
CONDITION | CONDITION | CONDITION | CONDITION
! 2 3 4
CORRECTION
RANGE PEX%E S PEK%LS P!X%LS PiX?’ELS
PARAMETER - ) :
EXPOSURE AMOUNT
ADJUSTMENT 50% 40% 30% 20%
PARAMETER
CONDITION | CONDITION | CONDITION | CONDITION
j 9 3 4
CORRECTION . .
RANGE PixﬁEi s | exes | pixELs -
PARAMETER -
EXPOSURE AMOUNT
ADJUSTMENT 50% 40% 30% -
PARAMETER
CONDITION | CONDITION | CONDITION | CONDITION
1 2 3 4
CORRECTION
RANGE PE)gEi S PEX%LS P!XGELS PiX%LS
PARAMETER - :
EXPOSURE AMOUNT
ADJUSTMENT 80% 80% 40% 30%
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IMAGE FORMING APPARATUS
EMPLOYING TECHNIQUE THAT REDUCES
AMOUNT OF COLORING MATERIAL
CONSUMED

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/015,540, filed Feb. 4, 2016, which is
a continuation of U.S. patent application Ser. No. 14/596,
398, filed Jan. 14, 2015, and issued as U.S. Pat. No.
9,298,124, on Mar. 29, 2016, and which claims the benefit
of Japanese Patent Application No. 2014-008862, filed Jan.
21, 2014, all of which are hereby incorporated by reference
herein in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to image forming
apparatuses, image processing apparatuses, image process-
ing methods, and programs that employ techniques that
reduce the amount of coloring materials consumed.

[0004] 2. Description of the Related Art

[0005] In image forming apparatuses, it is desirable to
reduce the amount of toner consumed by the apparatus.
Japanese Patent Laid-Open No. 2004-299239 proposes a
technique that cuts back on the amount of toner consumed
by reducing an exposure intensity for an image region
having a certain amount of surface area.

[0006] A phenomenon can occur in which developing
material increases excessively at the edges of images formed
by an image forming apparatus (called an “edge effect”), and
a phenomenon can also occur in which developing material
increases excessively at the following end areas of the image
in a sub-scanning direction (called “sweeping”), and so on.
The edge effect and sweeping arise with varying intensity as
the environment conditions in which the image forming
apparatus is used, the remaining lifespan of the image
forming apparatus, and so on change. Despite such circum-
stances, the amount of developing material that is consumed
can be further reduced if such excessive increases in devel-
oping material can be suppressed.

SUMMARY OF THE INVENTION

[0007] The present invention suppresses an increase in the
amount of developing material consumed by correcting
pixels, among a plurality of pixels that configure image data,
in which the amount of developing material consumed
increases beyond a desired amount.

[0008] The present invention provides an image forming
apparatus comprising: an image carrier; an exposure unit
configured to form an electrostatic latent image on the image
carrier by irradiating the image carrier with light based on
image data; a developing unit configured to develop the
electrostatic latent image formed on the image carrier using
a developing material; a specifying unit configured to
specify a specific pixel, of the plurality of pixels that
configure the image data, having a second developing mate-
rial amount used in the development performed by the
developing unit that is greater than a first developing mate-
rial amount determined by the image data; and a correcting
unit configured to correct an image forming condition so that
the second developing material amount for the specific pixel
at least approaches the first developing material amount for
the specific pixel, wherein the correcting unit corrects the
image forming condition for the specified pixel by dividing
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the specified pixel into a plurality of sub pixels and thinning
out at least one of the plurality of sub pixels.

[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is an overall cross-sectional view of an
image forming apparatus.

[0011] FIG. 2A is a diagram illustrating a non-contact
development scheme.

[0012] FIG. 2B is a diagram illustrating a contact devel-
opment scheme.

[0013] FIG. 3 is a diagram illustrating an electrical field in
an electrostatic latent image when an image carrier and a
developing material carrier are not in contact.

[0014] FIG. 4A is a diagram illustrating a toner image in
which the edge effect is present.

[0015] FIG. 4B is a diagram illustrating a toner image in
which sweeping is present.

[0016] FIG. 5A is a diagram illustrating a toner height in
a toner image in which the edge effect is present.

[0017] FIG. 5B is a diagram illustrating a toner height in
a toner image in which sweeping is present.

[0018] FIG. 6 is a diagram illustrating a generation mecha-
nism of sweeping.

[0019] FIG. 7 is a diagram illustrating units involved in
exposure processing.

[0020] FIGS. 8A-8C are diagrams illustrating changes in
the density of a toner image produced by changing an
exposure method.

[0021] FIG. 9 is a diagram illustrating an example of
functions realized by a CPU.

[0022] FIGS. 10A-10C are diagrams illustrating the asso-
ciation of conditions detected by a detection device with
correction parameters.

[0023] FIG. 11A is a diagram illustrating an example of
image data.

[0024] FIG. 11B is a diagram illustrating an example of a
pixel value for each pixel of which an image region is
configured.

[0025] FIG. 11C is a diagram illustrating an example of a
pixel specified as a correction target pixel.

[0026] FIG. 12 is a flowchart illustrating a correction
process.
[0027] FIG. 13 is a diagram illustrating a method for

specifying a sweeping correction target pixel.

DESCRIPTION OF THE EMBODIMENTS

[0028] The present embodiment corrects the pixel value of
pixels, among a plurality of pixels that configure image data,
in which the edge effect or sweeping can occur in the
developing material. This reduces the edge effect or sweep-
ing in the developing material. There is a correlation
between the intensity of the edge effect, sweeping, or the like
in the developing material and environment conditions
where an image forming apparatus is installed (temperature,
humidity, and so on), the remaining lifespan of components
involved in developing (photosensitive members, develop-
ing materials, developing members, and so on). If such
conditions are taken into consideration when determining a
correction target pixel, the edge effect or sweeping in the
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developing material can be reduced with precision. Directly
correcting the pixel values (tone values/density values) in
the image data, indirectly correcting the pixel values by
correcting exposure amounts, and so on can be given as
examples of correction methods.

[0029] Overview of Image Forming Apparatus

[0030] Operations of an image forming apparatus 101 will
be described with reference to FIG. 1. The image forming
apparatus 101 includes a drum-shaped electrophotographic
photosensitive member (called a “photosensitive drum”
hereinafter) 1 serving as an image carrier. A charging device
2 such as a charging roller, serving as a charging unit,
uniformly charges a surface of the photosensitive drum 1.
An exposure device 7 such as a laser beam scanner device,
a surface light-emitting element, or the like, serving as an
exposure unit, irradiates the uniformly-charged photosensi-
tive drum 1 with light at an exposure amount based on image
data, thus exposing the photosensitive drum 1. This expo-
sure is carried out using a laser beam. As a result of the
exposure, an electrostatic latent image is formed on the
surface of the photosensitive drum 1.

[0031] The exposure device 7 receives a driving signal 71
for the exposure device 7 output by an image computation
unit 9, and forms the electrostatic latent image by irradiating
the photosensitive drum 1 with light 72 based on the driving
signal 71. An exposure control unit 19 outputs a light
intensity adjustment signal 73 to the exposure device 7 in
order to adjust a target light intensity used during the
exposure. As a result, a current at a set level is supplied to
the exposure device 7, and the exposure intensity is con-
trolled at a constant level. Tones in the image can be
expressed by adjusting the light intensity for each pixel
based on the target light intensity, adjusting a light-emission
time through pulsewidth modulation, or the like.

[0032] The image computation unit 9 executes a correc-
tion process for reducing a toner consumption amount,
based on physical parameters detected by a detection device
12. In the present embodiment, the toner consumption
amount is reduced by suppressing excess toner from adher-
ing due to the edge effect, sweeping, or the like. The image
computation unit 9 receives raster data (image data) sent
from an image scanner, a host computer 8, or the like, and
executes the correction process so that the toner consump-
tion amount is reduced.

[0033] The “edge effect” referred to here is a phenomenon
in which developing material adheres excessively to borders
(edges) between a region of the surface of the photosensitive
drum 1 that has been exposed (an exposed region) and a
region that has not been exposed (an unexposed region). The
surface potential in the exposed region is different from the
surface potential in the unexposed region, and thus an
electrical field leaks at these borders, resulting in excessive
developing material adhering.

[0034] “Sweeping”, meanwhile, is a phenomenon in
which excessive developing material adheres at a following
end portion of the electrostatic latent image in a transport
direction thereof. Such excessive adhering of the developing
material not only reduces the reproducibility of the density
of the original document in the target image, but also results
in excessive developing material being consumed. As such,
developing material can be conserved by suppressing the
developing material from being excessively consumed.
[0035] A CPU 10 is a control unit that carries out overall
control of the image forming apparatus 101 as a whole. The
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CPU 10 functions as, for example, a correcting unit that
reduces the edge effect or sweeping in the developing
material by correcting the pixel values of pixels, among a
plurality of pixels that configure the image data, in which the
edge effect or sweeping in the developing material can
occur. The CPU 10 may also function as a specifying unit
that specifies pixels, among the plurality of pixels that
configure the image data, in which the developing material
may become excessive due to the edge effect or sweeping in
the developing material. Part or all of the CPU 10 described
hereinafter may be realized using an ASIC 18. A storage
device 11 includes an image memory 111, and stores an LUT
112. The exposure control unit 19 sets the target light
intensity by, for example, executing APC (automatic pho-
tometric control) for a light source in the exposure device 7.
The image memory 111 is a storage region (a page memory,
a line memory, or the like) in which image data to be formed
as an image is expanded. The LUT 112 is a lookup table, and
stores correction values for exposure amounts and the like in
order to reduce the edge effect, sweeping, and so on. For
example, correction values corresponding to the physical
parameters detected by the detection device 12 are read out
from the LUT 112. The detection device 12 detects param-
eters that are necessary for determining the correction values
and that have correlation with the edge effect, sweeping, and
so on. The physical parameters are, for example, an ambient
temperature, an ambient humidity, a number of images
formed, a total operating time of the image forming appa-
ratus 101, a remaining lifespan of the photosensitive drum 1,
a resistance value of the surface of the photosensitive drum
1, a remaining lifespan of toner 13, or the like. A single type
of physical parameter may be used, or a plurality of types
may be used. Although the LUT 112 of the storage device 11
functions here as a storage unit that stores the physical
parameters and pixel value correction amounts in associa-
tion with each other, the LUT 112 may also be employed as
a storage unit that stores the physical parameters and a pixel
number in association with each other. This makes it easy for
the CPU 10 to specify the pixels that are to be corrected.

[0036] A developing device 3, serving as a developing
unit, includes a toner receptacle that holds and stores devel-
oping material (“toner” hereinafter) 13, and a developing
roller 14 that serves as a developing material carrier.
Although a nonmagnetic single-component toner is used as
the toner 13 here, a two-component toner may be employed,
and a magnetic toner may be employed as well. The thick-
ness of a layer of the toner 13 supplied to the developing
roller 14 is regulated by a regulating blade 15 that functions
as a toner layer thickness regulating member. The regulating
blade 15 may be configured to impart an electrical charge on
the toner 13. The toner 13 that has been regulated to a
predetermined layer thickness and on which a predetermined
electrical charge has been imparted is then transported to a
developing region 16 by the developing roller 14. The
developing region 16 is a region where the developing roller
14 and the photosensitive drum 1 are near to each other or
are in contact with each other, and is a region where the toner
actually adheres. The electrostatic latent image formed on
the surface of the photosensitive drum 1 is developed by the
toner 13 and converted into a toner image. The toner image
formed on the surface of the photosensitive drum 1 is then
transferred onto a transfer material P by a transfer device 4
at a transfer position T. The toner image that has been
transferred onto the transfer material P is then transported to
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a fixing device 6. The fixing device 6 fixes the toner image
onto the transfer material P by applying heat and pressure to
the toner image and the transfer material P.

[0037] Development Schemes

[0038] A development scheme will be described next with
reference to FIGS. 2A and 2B. Primarily, there is a jumping
development scheme and a contact development scheme.
The jumping development scheme is a scheme that develops
using a developing voltage (an AC bias voltage combined
with a DC bias or the like) applied between the developing
roller 14 and the photosensitive drum 1 at the developing
region 16, which is located at an area where the developing
roller 14 and the photosensitive drum 1 are closest to each
other while remaining in a non-contact state. FIG. 2A
illustrates an example of the developing device 3 that uses
the jumping development scheme. The developing device 3
that uses the jumping development scheme has a gap 17
between the developing roller 14 and the photosensitive
drum 1 at a developing position. If the gap 17 is too small,
it is easy for leaking to occur from the developing roller 14
to the photosensitive drum 1, which makes it difficult to
develop the latent image. If the gap 17 is too large, it is
difficult for the toner 13 to jump to the photosensitive drum
1. Accordingly, the gap 17 may be kept at a proper size by
a butting roller rotatably supported on a shaft of the devel-
oping roller 14.

[0039] The contact development scheme is a scheme that
develops the toner 13 using a developing voltage (AC bias)
applied between the developing roller 14 and the photosen-
sitive drum 1 at the developing region 16, which is located
at an area where the photosensitive drum 1 and the devel-
oping roller 14 are closest to and in contact with each other.
FIG. 2B illustrates an example of the developing device 3
that uses the contact development scheme.

[0040] The photosensitive drum 1 and the developing
roller 14 rotate in the forward direction at mutually different
speeds. Although an AC voltage is applied as the developing
voltage between the photosensitive drum 1 and the devel-
oping roller 14, the polarity of the developing voltage may
be set to the same polarity as the charging potential of the
surface of the photosensitive drum 1. The toner 13 that has
been formed as a thin layer upon the developing roller 14 is
transported to the developing region 16, and the electrostatic
latent image formed on the surface of the photosensitive
drum 1 is developed.

[0041] Principles of Occurrence of Edge Effect

[0042] The edge effect is a phenomenon in which an
electrical field concentrates at a border between an exposed
area (the electrostatic latent image) formed on the photo-
sensitive drum 1 and an unexposed area (a charged area),
causing excessive toner 13 to adhere to edges of the image.
As shown in FIG. 3, electric lines of force from unexposed
areas 301 and 302 that surround an exposed area 300 circle
around edges of the exposed area 300, and thus the electrical
field intensity at the edges is higher than at the center of the
exposed area 300. In other words, more toner adheres to the
edges than the center of the exposed area 300.

[0043] FIG. 4A illustrates an example of a toner image in
which the edge effect is present. An arrow A indicates the
transport direction of the toner image (the direction in which
the photosensitive drum 1 rotates; also called the “sub-
scanning direction”). In image data serving as the basis of a
toner image 400, the toner image 400 is an image having a
uniform density. In the case where the edge effect has
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occurred, the toner 13 adheres in a concentrated manner at
an edge area 402qof the toner image 400. As a result, there
is a greater image density at the edge area 402a than at a
non-edge area 401a. Because excessive toner 13 adheres to
the edge area 402¢ in this manner, more toner 13 will be
consumed than is necessary. Furthermore, the toner density
of the toner image will no longer be uniform. The electrical
field intensity at the edge area 402a varies depending on the
environment in which the image forming apparatus 101 is
installed, the remaining lifespan of the photosensitive drum
1 and the toner 13, and so on, and as result, the range and
intensity at which the edge effect occurs also varies. Accord-
ingly, the range and intensity at which the edge effect occurs
can be specified by the detection device 12 detecting the
environment, remaining lifespan, and so on, which makes it
possible to precisely correct the edge effect.

[0044] A height of the toner image in the case where the
edge effect has occurred will be described using FIG. 5A.
FIG. 5A is a cross-sectional view obtained by cutting the
toner image 400 shown in FIG. 4A along a cut line 403a. 504
indicates an ideal toner image height in the case where the
edge effect has not occurred. 501a to 503¢ indicate toner
image heights based on differences in the intensity of the
edge effect. 502¢ indicates the highest intensity of the edge
effect, whereas 503q indicates the lowest intensity of the
edge effect. It can thus be seen that the height of the toner
image at the edge areas increases due to the occurrence of
the edge effect, and excessive toner 13 is used.

[0045] In the jumping development scheme, the edge
effect occurs in this manner due to an electrical field
concentrating at the edge areas. Meanwhile, in the contact
development scheme, the gap 17 is extremely narrow, and
the electrical field travels from the photosensitive drum 1
toward the developing roller 14; as such, the concentration
of the electrical field at the edge areas is reduced, which
makes it difficult for the edge effect to occur.

[0046] Principles of Occurrence of Sweeping

[0047] Sweeping occurring in a contact development
scheme will be described next. Sweeping refers to a phe-
nomenon in which the toner 13 concentrates at an edge in the
following end portion of an image on the photosensitive
drum 1, as shown in FIG. 4B. The “following end portion”
refers to a following end portion of the toner image in the
transport direction of the toner image (that is, the rotational
direction of the photosensitive drum 1) indicated by the
arrow A. When sweeping occurs, the density at a following
edge portion 4025 of the toner image 410 becomes greater
than the density at a non-edge portion 4015, as shown in
FIG. 4B; this results in an increased amount of the toner 13
being consumed.

[0048] As shown in FIG. 6, in the contact development
scheme, the developing roller 14 is rotated at a higher speed
than the photosensitive drum 1 in order to ensure the toner
height on the photosensitive drum 1 is a predetermined
height. This makes it possible to supply the toner 13 to the
photosensitive drum 1 in a stable manner, which in turn
keeps the image density at a target density. As indicated by
S601, the electrostatic latent image is developed at the
developing region 16, using the toner 13 transported by the
developing roller 14. Because the developing roller 14 is
rotating at a higher speed than the photosensitive drum 1, the
positional relationship between the surfaces of the two is in
a consistent state of skew. As such, when the following end
portion of an electrostatic latent image 600 enters the
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developing region 16, toner 13a on the developing roller 14
is located further backward from a following end portion
135 of the electrostatic latent image 600, behind the starting
position of the developing region 16, in the rotational
direction, as indicated by S601. Then, as shown in S602, the
toner 13a on the developing roller 14 overtakes the follow-
ing end portion 135 of the electrostatic latent image 600
before the following end portion 135 of the electrostatic
latent image 600 exits the developing region 16. Then, as
shown in S603, the toner 13« is supplied to the following
end portion 1356 of the electrostatic latent image 600,
increasing the developing amount at the following end
portion 135. This is the mechanism through which sweeping
occurs.

[0049] The electrical field intensity at the following end
portion varies depending on the environment in which the
image forming apparatus 101 is installed, the remaining
lifespan of the photosensitive drum 1 and the toner 13, and
so on, and as result, the intensity at which sweeping occurs
also varies. Furthermore, the rotational speed of the photo-
sensitive drum 1 and the rotational speed of the developing
roller 14 also vary depending on the environment in which
the image forming apparatus 101 is installed, the remaining
lifespan of the photosensitive drum 1 and the toner 13, and
so on. This in turn causes variation in the range in which the
toner 13a overtakes the following end portion of the elec-
trostatic latent image 600, and variation in the range across
which sweeping occurs.

[0050] A height of the toner image in the case where
sweeping has occurred will be described using FIG. 5B.
FIG. 5B is a cross-sectional view obtained by cutting the
toner image 410 shown in FIG. 4B along a cut line 40354. In
FIG. 5B, the height of the toner image is greater at areas
5015, 5025, and 5035 where sweeping occurs, indicating
that an excessive amount of toner 13 is being used. Note that
the areas 5015, 5025, and 5035 where sweeping occurs are
examples in which there are different respective intensities
of sweeping.

[0051] As described thus far, the intensities at which the
edge effect and sweeping occur correlate with the surround-
ing environment of the image forming apparatus 101, the
remaining lifespan of the photosensitive drum 1 and the
toner 13, and so on. Using the total number of images
formed, the total operating time, or the like of the image
forming apparatus 101 can be given as methods for detecting
the remaining lifespan of the photosensitive drum 1 and the
toner 13, for example. Note that these physical parameters
are reset to zZero when the photosensitive drum 1, a process
cartridge including the developing roller 14 and the toner
receptacle, or the like is replaced. The detection device 12
may find a surface resistance value of the photosensitive
drum 1 by detecting a current that flows when a charging
voltage, the developing voltage, and a transfer voltage are
applied to the photosensitive drum 1. This is because the
surface resistance value also correlates with the remaining
lifespan of the photosensitive drum 1.

[0052] Exposure Device Control Method

[0053] A method for controlling the exposure device 7 will
be described next using FIG. 7. The exposure control unit 19
includes an IC 2003 provided with an 8-bit DA converter
2021 and a regulator 2022, and generates and issues signals
for controlling the exposure device 7. Meanwhile, the expo-
sure device 7 is provided with a VI conversion circuit 2306
that converts a voltage into a current, a laser driver IC 2009,
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and a semiconductor laser LD. The IC 2003 adjusts a voltage
VrefH outputted from the regulator 2022 based on the light
intensity adjustment signal 73, which indicates a driving
current for the semiconductor laser LD set by the CPU 10.
The voltage VrefH serves as a reference voltage for the DA
converter 2021. By the IC 2003 setting input data 2020 for
the DA converter 2021, the DA converter 2021 outputs a
light intensity correction analog voltage Va. The VI conver-
sion circuit 2306 converts the light intensity correction
analog voltage Va into a current value Id and outputs that
value to the laser driver IC 2009. In FIG. 7, the IC 2003
provided in the exposure control unit 19 outputs the light
intensity correction analog voltage Va. However, the DA
converter 2021 may be provided in the exposure device 7,
and the light intensity correction analog voltage Va may be
generated in the vicinity of the laser driver IC 2009.
[0054] The laser driver IC 2009 switches a switch SW
based on the driving signal 71 output by the image compu-
tation unit 9. The switch SW turns the semiconductor laser
LD on and off by switching between supplying a current IL.
to the semiconductor laser LD and supplying the current 1L,
to a dummy resistance Rl.

[0055] Exposure Amount Correction Method

[0056] FIG. 8A illustrates an image formed by exposing a
single pixel at 100% of the target light intensity. FIG. 8B
illustrates an image formed by exposing a single pixel
having reduced the light intensity thereof to 50% of the
target light intensity. This can be realized by reducing the
exposure intensity to 50%, halving the density (tone value)
of the toner image, or the like. FIG. 8C illustrates thinning
out of an image formed by dividing a single pixel into N
(where N is a natural number of 2 or more) sub pixels and
partially thinning out the sub pixels. The thinning out is to
reduce light amount on an area to be exposed with light or
reduce an area to be exposed with light. This can be realized
by, for example, carrying out PWM (pulsewidth modulation)
on a light intensity at 100% of the target light intensity. This
process can be realized by, for example, dividing a single
pixel into 16 sub pixels and driving the semiconductor laser
LD to expose only odd-numbered sub pixels.

[0057] Edge Effect Correction Procedure

[0058] Next, a working example that reduces the edge
effect and reduces the amount of the toner 13 that is
consumed by correcting the image data used to form the
electrostatic latent image will be described. As already
described, the intensity of the edge effect varies depending
on the remaining lifespan, the surrounding environment, and
so on of the photosensitive drum 1 and the toner 13.
Accordingly, relationships between conditions such as the
physical parameters that correlate with the edge effect and
exposure amount correction values for eliminating the edge
effect are found in advance through experiments, simula-
tions, or the like, and are then stored in the LUT 112.
Accordingly, the appropriate correction values are read out
from the LUT 112 based on the conditions detected by the
detection device 12.

[0059] A processing method for correcting the edge effect
will be described using FIG. 9. A correction process for
reducing the edge effect is executed by the CPU 10 or the
ASIC 18 of the image computation unit 9. The descriptions
given here assume that the CPU 10 executes the correction
process. Although the exposure intensity is corrected in
order to reduce the edge effect, sweeping, and so on, there
are two methods for correcting the exposure intensity. The
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first is a method that corrects the driving signal 71 for the
exposure device 7, and the second is a method that corrects
the light intensity adjustment signal 73.

[0060] The edge effect correction process is a correction
process that reduces the edge effect or sweeping in the
developing material by correcting the pixel values of pixels,
among a plurality of pixels that configure the image data, in
which the edge effect or sweeping in the developing material
can occur. The correction process may, for example, include
a step of specifying pixels, among the plurality of pixels that
configure the image data, in which the developing material
may become excessive due to the edge effect or sweeping in
the developing material. The correction process may fur-
thermore include a step of finding a pixel region configured
of pixels, among the plurality of pixels that configure the
image data, having pixel values that are greater than or equal
to a predetermined value, and specifying a predetermined
number of pixels from the pixels located at the edges of the
pixel region as pixels in which the developing material will
become excessive due to the edge effect.

[0061] Image data 904 sent from the host computer 8 is
stored in the image memory 111. An image analyzing unit
901 specifies pixels, among the plurality of pixels that
configure the image data 904 in the image memory 111, in
which the edge effect can occur, based on a correction range
parameter set by a parameter setting unit 902, and outputs an
analysis result 907. The edge effect is reduced by correcting
the exposure intensities of the specified pixels, which in turn
reduces the amount of the toner 13 that is consumed. The
correction range parameter indicates a number of pixels
from the edge of an image region in which the toner is used.
For example, when the correction range parameter is 1, each
first pixel from the edge of the image region is a target for
correction. In this manner, the image analyzing unit 901
functions as a pixel number determination unit that deter-
mines a predetermined number of pixels to be corrected
based on the physical parameters detected by the detection
device 12.

[0062] A state detection unit 910 receives state informa-
tion 905 from the detection device 12, recognizes what state
the image forming apparatus 101 is in, and outputs condition
information 911, corresponding to the recognized state, to
the parameter setting unit 902. The state information 905
may be the temperature, humidity, and the like of the
environment in which the image forming apparatus 101 is
installed, the total number of images formed, the total
operating time, and so on of the image forming apparatus
101; or may be information indicating the remaining lifes-
pan of the photosensitive drum 1, the toner 13, or the like
predicted based on those pieces of information. In this
manner, the state detection unit 910 may function as a
physical parameter detection unit along with the detection
device 12.

[0063] The parameter setting unit 902 receives the condi-
tion information 911 and sets the correction range parameter
906 and an exposure amount adjustment parameter 909 in an
exposure amount correction unit 903, as exposure amount
correction parameters. In this manner, the parameter setting
unit 902 functions as a correction amount determination unit
that determines a correction amount for the pixel value of the
correction target pixel based on the physical parameters
detected by the detection device 12. In the case where the
light intensity adjustment signal 73 is corrected instead of
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the driving signal 71, the parameter setting unit 902 outputs
the adjustment parameter 909 for correcting the light inten-
sity adjustment signal 73.

[0064] FIGS. 10A to 10C illustrate examples of the LUT
112. The LUT 112 stores several conditions correlated with
the intensity of the edge effect in association with the
correction range parameter and the exposure amount adjust-
ment parameter. FIG. 10A illustrates the LUT 112 used for
a standard temperature and a standard humidity. FIG. 10B
illustrates the LUT 112 used at a lower temperature than the
standard temperature and a lower humidity than the standard
humidity. FIG. 10C illustrates the LUT 112 used at a higher
temperature than the standard temperature and a higher
humidity than the standard humidity. Based on the tempera-
ture and humidity detected by the detection device 12, the
state detection unit 910 selects one of the LUTs 112 and
communicates the selected LUT 112 to the parameter setting
unit 902.

[0065] Conditions 1-4 indicate four levels for the remain-
ing lifespan, for example. The number of conditions is
determined in accordance with density characteristics and
the like of the photosensitive drum 1, the toner 13, and so on
that are used. Here, it is assumed that the maximum number
of images that can be formed using a new process cartridge
is 4,000. The condition 1 is determined for the case where
the total number of images formed is 0 to 1,000. The
condition 2 is determined for the case where the total
number of images formed is 1,001 to 2,000. The condition
3 is determined for the case where the total number of
images formed is 2,001 to 3,000. The condition 4 is deter-
mined for the case where the total number of images formed
is 3,001 to 4,000. The detection device 12 counts the total
number of images formed and communicates the total
number of images formed as part of the state information
905. The state detection unit 910 determines how to classify
the conditions based on the total number of images formed,
and outputs information indicating the determined condition
to the parameter setting unit 902 as the condition informa-
tion 911. The parameter setting unit 902 refers to the LUT
112 based on the condition indicated in the condition infor-
mation 911, and reads out the correction range parameter
and adjustment parameter corresponding to the condition.
For example, in the case where the temperature and humid-
ity detected by the detection device 12 are the standard
temperature and the standard humidity, the LUT 112 indi-
cated in FIG. 10A is selected. Furthermore, in the case where
the total number of images formed as detected by the
detection device 12 is 500, six pixels are selected from the
LUT 112 for the correction range parameter 906, and 50%
is selected as a toner reduction amount for the adjustment
parameter 909. The correction process is not executed in the
case where the conditions derived from the physical param-
eters detected by the detection device 12 do not correspond
to any of the conditions 1 to 4. A condition in which the edge
effect does not occur may be added to the LUT 112 as
condition 5. The correction range parameter 906 and the
adjustment parameter 909 stored in association with the
condition 5 are 0 and 0%, respectively.

[0066] In this manner, in the first working example, the
edge effect correction process is switched in accordance
with the physical parameters correlated with the edge effect.
Although the surrounding environment information, total
number of images formed, and the like are employed here as
an example of the state information 905, any information
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can be employed as long as it is information related to the
remaining lifespan of the photosensitive drum 1, the toner
13, and the like. The remaining lifespan information
described here may be data that directly indicates the
remaining lifespan, or may be one or a combination of a past
total operating time, a past total number of images formed,
or the like for the photosensitive drum 1. The parameters
required for the edge effect correction process may, for
example, be measured after the image forming apparatus
101 is assembled, and may then be stored.

[0067] Operations performed by the image analyzing unit
901 will be described next using FIGS. 11A to 11C. FIG.
11A indicates the image data 904. The image analyzing unit
901 receives the image data 904 from the image memory 111
in raster order. The image analyzing unit 901 specifies the
pixels, among the plurality of pixels of which the received
image data 904 is configured, that are to be corrected, based
on the correction range parameter set by the parameter
setting unit 902. It is assumed here that the edge effect
correction range is three pixels. An image region 1801
indicates an image region, of the image data 904, in which
the toner 13 is to be reduced.

[0068] FIG. 11B illustrates a pixel value for each pixel of
which the image region 1801 is configured. FIG. 11B
illustrates an extreme example, in which the pixel value of
black pixels is 255 and the pixel value of white pixels is 0.
FIG. 11C illustrates an example of pixels specified by the
image analyzing unit 901 as correction target pixels based on
the correction range parameter. A value of 1 is assigned to
correction target pixels, and a value of 0 is assigned to pixels
that are not to be corrected. Three pixels from the edges of
the image region 1801 are specified as correction target
pixels. The image analyzing unit 901 outputs the analysis
result 907, indicating correction target pixels such as those
shown in FIG. 11C, to the exposure amount correction unit
903.

[0069] The exposure amount correction unit 903 corrects
the pixel values (exposure amounts) of the respective pixels
in accordance with the analysis result 907 and the adjust-
ment parameter 909 set by the parameter setting unit 902,
generates the driving signal 71 based on the corrected pixel
values, and outputs the generated signal to the exposure
device 7. As described above, the light intensity adjustment
signal 73 may be corrected instead of the driving signal 71.
When the driving signal 71 is corrected, the exposure
interval is corrected and the toner amount per pixel is
reduced, as indicated in FIG. 8C. When the light intensity
adjustment signal 73 is corrected, the exposure amount is
reduced in order to reduce the image density in each pixel,
as indicated in FIG. 8B.

[0070] FIG. 12 is a flowchart illustrating the respective
steps of the correction process executed by the CPU 10. The
CPU 10 starts processing according to this flowchart upon
receiving an instruction to start printing from the host
computer 8.

[0071] In S1201, the CPU 10 obtains the physical param-
eters detected by the detection device 12 from the detection
device 12.

[0072] In S1202, the CPU 10 compares the physical
parameters obtained from the detection device 12 with a
predetermined determination condition and determines
whether the edge effect correction process is necessary. For
example, the CPU 10 selects the LUT 112 based on the
temperature, humidity, and so on detected by the detection
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device 12, and obtains a correction range, adjustment
amount, and the like based on the total number of images
formed as detected by the detection device 12. In the case
where the correction range, adjustment amount, and so on
are zero, it is determined that the edge effect need not be
corrected, and the process ends. However, in the case where
the correction range, adjustment amount, and so on are not
zero, the CPU 10 determines that correction is necessary,
and the process moves to S1203.

[0073] In S1203, the CPU 10 specifies the correction
target pixels in the image data based on the physical param-
eters obtained from the detection device 12. As described
using FIGS. 9, 10A to 10C, and 11A to 11C, the correction
range parameter corresponding to the total number of
images formed is read out from the LUT 112 selected based
on the temperature, humidity, and so on. This step sets the
number of pixels from the edges of the image region 1801
that are to be corrected.

[0074] In S1204, the CPU 10 determines a correction
amount to be applied to the correction target pixels based on
the physical parameters obtained from the detection device
12. As described using FIGS. 9,10Ato 10C, and 11Ato 11C,
the exposure amount adjustment parameter corresponding to
the total number of images formed is read out from the LUT
112 selected based on the temperature, humidity, and so on.
[0075] In S1205, the CPU 10 corrects the exposure
amounts of the respective correction target pixels by cor-
recting the pixel values of the specified correction target
pixel using the adjustment parameter. Although this example
describes the CPU 10 as carrying out the correction process,
the correction process may be executed by the ASIC 18 or
the host computer 8. In this manner, the CPU 10, the ASIC
18, the host computer 8, or the like functions as an image
processing apparatus.

[0076] Sweeping Correction

[0077] Sweeping correction employs almost the same pro-
cess as the edge effect correction. FIG. 13 illustrates pixels
1301 that are to be corrected for sweeping and pixels 1300
that need not be corrected. FIG. 13 corresponds to FIG. 11C.
As shown in FIG. 13, the pixels in the image region 1801 on
the following end side in the transport direction indicated by
the arrow A have been specified by the image analyzing unit
901 of the CPU 10 as targets for correction. This example
corresponds to a case where the correction range parameter
obtained by the parameter setting unit 902 from the LUT 112
is two pixels. Accordingly, two pixels from the following
edge of the image region 1801 are specified as correction
target pixels. As such, aside from the correction target pixels
being different, the sweeping correction and edge effect
correction are almost the same correction process.

[0078] Other

[0079] The aforementioned working example describes
holding conditions correlated with the intensity of the edge
effect, and the correction range and adjustment amount,
using a lookup table. However, a function having the same
effect may be employed instead of a lookup table. An
approximated curve function that enables the correction
range to be computed from the conditions, an approximated
curve that enables the adjustment amount to be computed
from the conditions, or the like are examples of such a
function. Although a one-dimensional approximated straight
line is described here as an example of the function, the
function may employ a two-dimensional, three-dimensional,
or multi-dimensional approximated curve.
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[0080] Coeflicients that define the approximated curve are
necessary in order to find the approximated curve indicating
the correction range, the adjustment amount, or the like
corresponding to the conditions. For example, in the case of
the standard temperature and the standard humidity shown
in FIG. 10A, the slope is -1 and the intercept is 6, of the
coeflicients necessary for the approximated curve indicating
the relationship between the conditions and the correction
range. Accordingly, correction range yl=-1*(condition
level x)+6 is obtained as the equation for the approximated
curve. In the case of the example shown in FIG. 10A, the
variable x indicating the condition level is any of 1 to 4.
Likewise, it is assumed that the slope is =10 and the intercept
is 50, of the coeflicients necessary for the approximated
curve indicating the exposure amount adjustment amount. In
this case, adjustment amount y2=-10%*(condition level
x)+50 is obtained as the equation for the approximated
curve. Coeflicients for defining a function corresponding to
the LUT 112 for low temperature and low humidity, a
function corresponding to the LUT 112 for high temperature
and high humidity, and so on are stored in the storage device
11 in the same manner. The CPU 10 then reads out the
coeflicients corresponding to the physical parameters
detected by the detection device 12 from the storage device
11, generates the functions, and computes the correction
range, adjustment amount, and so on from the generated
functions.

[0081] In this manner, the same effects as when using the
LUT 112 can be achieved by storing coeflicients that define
functions for finding the correction range, the adjustment
amount, and so on. Compared to the LUT 112, coefficients
require a significantly lower amount of storage space. As
such, the amount of storage space taken up in the storage
device 11 can be reduced.

[0082] Conclusion

[0083] According to the present embodiment, the image
forming condition is corrected so that in the case where a
specific pixel, of a plurality of pixels that configure the
image data, has been specified as having a second develop-
ing material amount used in development performed by the
developing unit that is greater than a first developing mate-
rial amount determined by the image data, the second
developing material amount at least approaches the first
developing material amount. An increase in the amount of
developing material consumed is suppressed by correcting
pixels, among the plurality of pixels that configure the image
data, in which the amount of developing material consumed
increases beyond a desired amount.

[0084] According to the present embodiment, the pixel
value of a pixel, among a plurality of pixels that configure
the image data, in which the edge effect or sweeping can
occur in the developing material, is corrected as the correc-
tion of the image forming condition. This reduces the edge
effect or sweeping in the developing material. In other
words, excessive consumption of the developing material is
reduced, and the toner consumption amount is reduced as
well. As a secondary effect, the density of the toner image
will match an expected density based on the image data,
resulting in improvement in terms of the image quality as
well.

[0085] The CPU 10 may function as a specifying unit that
specifies the specific pixel, of the plurality of pixels that
configure the image data, having the second developing
material amount consumed in the development performed
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by the developing unit that is greater than the first develop-
ing material amount corresponding to the image data. For
example, the image analyzing unit 901 of the CPU 10 may
specify pixels, among the plurality of pixels that configure
the image data, in which the developing material will
become excessive due to the edge effect or sweeping in the
developing material, and correct the pixel values of the
pixels specified by the exposure amount correction unit 903.
Note that the image analyzing unit 901 may find a pixel
region configured of pixels, among the plurality of pixels
that configure the image data, having pixel values that are
greater than or equal to a predetermined value, and specify
a predetermined number of pixels from the pixels located at
the edges of the pixel region as pixels in which the devel-
oping material will become excessive due to the edge effect.
The edge effect, sweeping, and so on are more visually
recognizable when the optical density of a pixel exceeds a
given value. Furthermore, the edge effect occurs at the edges
of the pixel region, whereas sweeping occurs at a following
end of the pixel region. The edge effect, sweeping, and so on
can be efficiently reduced by determining the correction
target pixels taking these characteristics into account.
[0086] There is a correlation between the intensity of the
edge effect, sweeping, or the like in the developing material
and environment conditions where an image forming appa-
ratus is installed (temperature, humidity, and so on), the
remaining lifespan of components involved in developing
(photosensitive members, developing materials, developing
members, and so on). Accordingly, by using the detection
device 12 to detect physical parameters that correlate with
the edge effect or sweeping in the developing material and
then determining the number of correction target pixels, the
exposure amount correction amount, and so on, the edge
effect or sweeping in the developing material can be reduced
with precision. In this manner, the CPU 10 functions as a
correcting unit that corrects an image forming condition (an
exposure amount, for example) based on a physical param-
eter so that in the case where a specific pixel, of a plurality
of pixels that configure the image data, has been specified as
having a second developing material amount used in the
development performed by the developing unit that is
greater than a first developing material amount determined
by the image data, the second developing material amount at
least approaches the first developing material amount.
[0087] If the LUT 112 stores the physical parameters and
the pixel number for the correction target pixels in associa-
tion with each other, the parameter setting unit 902 can
easily determine the pixel number for the correction target
pixels based on the physical parameters detected by the
detection device 12. Functions may be used instead of the
LUT 112. In other words, the CPU 10 may compute the
predetermined number of pixels by substituting the physical
parameter detected by the detection device 12 in the func-
tion. In this case, the LUT 112 need only store coeflicients
defining the functions, which makes it possible to reduce the
amount of storage space used.

[0088] Likewise, if the LUT 112 stores the physical
parameters and the pixel value correction amounts in asso-
ciation with each other, the parameter setting unit 902 can
easily determine the pixel value correction amount (expo-
sure amount) based on the physical parameters detected by
the detection device 12.

[0089] The physical parameters correlated with the edge
effect or sweeping are an ambient temperature, an ambient
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humidity, a number of images formed, a total operating time
of the image forming apparatus, a remaining lifespan of the
image carrier, a surface resistance value of the image carrier,
a remaining lifespan of the developing material, and the like,
for example. The CPU 10 can predict the intensity of the
edge effect or sweeping by using at least one of these
parameters.

[0090] Directly correcting the pixel values (tone values/
density values) in the image data, indirectly correcting the
pixel values by correcting exposure amounts, and so on can
be given as examples of correction methods. The exposure
amount correction unit 903 may correct the exposure
amounts for pixels in which the edge effect or sweeping in
the developing material can occur. Alternatively, the expo-
sure amount correction unit 903 may divide the pixel in
which the edge effect or sweeping in the developing material
may occur into N sub pixels (where N is a natural number
of 2 or more) and thin out at least one of the N sub pixels.
[0091] Although the present embodiment describes the
correction process as being executed by an image processing
apparatus (the image computation unit 9) provided in the
image forming apparatus 101, the image processing appa-
ratus may be a computer installed outside of the image
forming apparatus 101. In other words, the host computer 8,
the CPU 10 of the image computation unit 9, or the like may
function as a supply unit for supplying image data to the
image forming apparatus, an image processing apparatus, or
the like. In addition, the CPU 10 may execute the image
processing method illustrated in FIG. 12 by executing pro-
grams stored in the storage device 11, and may realize
functions such as those shown in FIG. 9. In this manner, the
CPU 10 functions as a variety of units, such as the supply
unit and the correcting unit, by executing programs.
[0092] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

What is claimed is:

1. An image forming apparatus comprising:

an image carrier;

an exposure unit configured to form an electrostatic latent
image on the image carrier by irradiating the image
carrier with light based on image data;

a developing unit configured to develop the electrostatic
latent image formed on the image carrier using a
developing material;

a specifying unit configured to specity a specific pixel, of
a plurality of pixels that configure the image data,
having a second developing material amount used in
development performed by the developing unit that is
greater than a first developing material amount deter-
mined by the image data; and

a correcting unit configured to correct an image forming
condition so that the second developing material
amount for the specific pixel at least approaches the
first developing material amount for the specific pixel,

wherein the correcting unit is further configured to correct
the image forming condition using a first correction
parameter in a first situation and correct the image
forming condition using a second correction parameter
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different from the first correction parameter in a second
situation different from the first situation.

2. The image forming apparatus according to claim 1,

wherein the correcting unit is further configured to per-
form a correction by thinning out the specific pixel in
a direction perpendicular to a rotational direction of the
image carrier as a correction of the image forming
condition for correcting the specific pixel.

3. The image forming apparatus according to claim 2,

wherein the correcting unit is further configured to per-
form a correction by dividing the specific pixel into N
sub pixels(where N is a natural number of 2 or more)
and thinning out at least one of the N sub pixels.

4. The image forming apparatus according to claim 1,

wherein the correcting unit is further configured to correct
an exposure light amount of the exposure unit as a
correction of the image forming condition for correct-
ing the specific pixel.

5. The image forming apparatus according to claim 1,

further comprising:

a detection unit configured to detect a physical parameter
correlated with an increase in a developing material
amount,

wherein a first physical parameter is detected in the first
situation and a second physical parameter different
from the first physical parameter is detected in the
second situation.

6. The image forming apparatus according to claim 5,

wherein the specitying unit is further configured to find a
pixel region configured of pixels, among the plurality
of pixels that configure the image data, having pixel
values that are greater than or equal to a predetermined
value, and specify a predetermined number of pixels
from the pixels located at edges of the pixel region as
the specific pixels in which the developing material
amount will increase due to edge effect.

7. The image forming apparatus according to claim 6,

further comprising:

a pixel number determination unit configured to deter-
mine the predetermined number of pixels based on the
physical parameter detected by the detection unit.

8. The image forming apparatus according to claim 7,

further comprising:

a storage unit configured to store the physical parameter
and the pixel number in association with each other,
wherein the correcting unit is further configured to read
out the predetermined number of pixels corresponding
to the physical parameter detected by the detection unit
from the storage unit or the correcting unit is further
configured to compute the predetermined number of
pixels by substituting the physical parameter detected

by the detection unit in a function.

9. The image forming apparatus according to claim 7,

further comprising:

a storage unit configured to store the physical parameter
and the pixel value correction amount in association
with each other,

wherein the correcting unit is further configured to read
out the correction amount corresponding to the physical
parameter detected by the detection unit from the
storage unit or the correcting unit is further configured
to compute the pixel value correction amount by sub-
stituting the physical parameter detected by the detec-
tion unit in a function.
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10. The image forming apparatus according to claim 5,

wherein the specifying unit is further configured to find a
pixel region configured of pixels, among the plurality
of pixels that configure the image data, having pixel
values that are greater than or equal to a predetermined
value, and specify a predetermined number of pixels
from the pixels located at an edge of the pixel region on
a following end side in a rotational direction of the
image carrier as the specific pixels in which the devel-
oping material amount will increase due to sweeping.

11. The image forming apparatus according to claim 10,

further comprising:

a pixel number determination unit configured to deter-
mine the predetermined number of pixels based on the
physical parameter detected by the detection unit.

12. The image forming apparatus according to claim 11,

further comprising:

a storage unit configured to store the physical parameter
and the pixel number in association with each other,
wherein the correcting unit is further configured to read
out the predetermined number of pixels corresponding
to the physical parameter detected by the detection unit
from the storage unit or the correcting unit is further
configured to compute the predetermined number of
pixels by substituting the physical parameter detected

by the detection unit in a function.

13. The image forming apparatus according to claim 11,

further comprising:

a storage unit configured to store the physical parameter
and the pixel value correction amount in association
with each other,

wherein the correcting unit is further configured to read
out the correction amount corresponding to the physical
parameter detected by the detection unit from the
storage unit or the correcting unit is further configured
to compute the pixel value correction amount by sub-
stituting the physical parameter detected by the detec-
tion unit in a function.

Nov. 3, 2016

14. The image forming apparatus according to claim 5,

wherein the physical parameter correlated with an
increase in the developing material amount is at least
one of ambient temperature, ambient humidity, a num-
ber of images formed, a total operating time of the
image forming apparatus, a remaining lifespan of the
image carrier, a surface resistance value of the image
carrier, and a remaining lifespan of the developing
material.

15. The image forming apparatus according to claim 1,

further comprising:

a detection unit configured to detect a physical parameter
correlated with an increase in a developing material
amount,

wherein the first correction parameter and the second
correction parameter are determined according to the
physical parameter.

16. The image forming apparatus according to claim 15,

wherein the physical parameter correlated with an
increase in the developing material amount is at least
one of ambient temperature, ambient humidity, a num-
ber of images formed, a total operating time of the
image forming apparatus, a remaining lifespan of the
image carrier, a surface resistance value of the image
carrier, and a remaining lifespan of the developing
material.

17. The image forming apparatus according to claim 1,

wherein the specific pixel of which the image forming
condition is corrected using the first correction param-
eter is the same as the specific pixel of which the image
forming condition is corrected using the second cor-
rection parameter.

18. The image forming apparatus according to claim 1,

wherein at least one of ambient temperature, ambient
humidity, a number of images formed, a total operating
time of the image forming apparatus, a remaining
lifespan of the image carrier, a surface resistance value
of the image carrier, and a remaining lifespan of the
developing material is different between the first situ-
ation and the second situation.
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