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IMAGE FORMING APPARATUS 
BACKGROUND OF THE INVENTION 

[ 0008 ] However , the amount of the toner consumed to 
develop one dot changes when the bias applied to the 
developing roller and the rotation speed of the developing 
roller are changed as disclosed in Japanese Patent Applica 
tion Laid - open No . H8 - 227222 and Japanese Patent Appli 
cation Laid - open No . 2013 - 210489 . Therefore , the amount 
of the toner consumed to form one image also changes , 
which results in an error in the residual amount of the toner 
after the image forming operation . 

0001 ] Field of the Invention 
[ 0002 ] The present invention relates to an image forming 
apparatus that forms an image on a recording medium using 
a developer . 
[ 0003 ] Description of the Related Art 
[ 0004 ] Conventionally , there have been known in - line 
color system image forming apparatuses that primarily 
transfer toner images from a plurality of process cartridges 
onto an intermediate transfer belt to form an image on a 
sheet . In such image forming apparatuses , electrostatic latent 
images formed on photosensitive drums are developed by 
developing apparatuses to form toner images on the photo 
sensitive drums in a plurality of process cartridges . Further , 
the toner images formed on the photosensitive drums are 
primarily transferred onto an intermediate transfer belt , and 
the toner images primarily transferred onto the intermediate 
transfer belt are then secondarily transferred onto a sheet . 
After that , the toner images secondarily transferred onto the 
sheet are heated and pressed by a fixing apparatus to be fixed 
onto the sheet . Thus , a color image is formed on the sheet . 
[ 0005 ] Here , the image formed on the sheet needs to have 
a tinge and density as intended by a user . In addition , in color 
images formed by color image forming apparatuses , high 
tinge accuracy and tinge stability become important . There 
fore , according to a technology disclosed in Japanese Patent 
Application Laid - open No . H8 - 227222 , a bias applied to a 
developing roller and a rotation speed of the developing 
roller are changed to obtain a desired image tinge and image 
density . For example , the bias applied to the developing 
roller is increased to increase density of a toner image 
formed on a photosensitive drum and change a tinge of an 
image . In addition , the rotation speed of the developing 
roller is decreased to increase density of a toner image 
formed on the photosensitive drum and change a tinge of an 
image . 
10006 . Further , according to a technology disclosed in 
Japanese Patent Application Laid - open No . 2013 - 210489 , a 
rotation speed of a photosensitive drum is made slower than 
that of a developing roller to prevent rough feelings on an 
image formed on a sheet . In addition , magnetic flux density 
of a magnet provided inside the developing roller is 
increased to prevent a resin carrier from adhering to the 
photosensitive drum and prevent a problem from occurring 
in an image formed on the sheet . 
[ 0007 ] Conventionally , as a method for detecting a 
residual amount of toner inside a developing apparatus , 
there has been known a method for detecting a residual 
amount of toner using image information received by an 
image forming apparatus . Specifically , first , the number of 
dots developed as a toner image may be acquired from 
image information ( digital data ) received by the image 
forming apparatus . Further , the number of the developed 
dots may be multiplied by an amount of the toner consumed 
to develop one dot to calculate an amount of the toner 
consumed by one image . Further , the amount of the con 
sumed toner may be subtracted from a residual amount of 
the toner inside the developing apparatus to derive a residual 
amount of the toner after an image forming operation . Here , 
the amount of the toner consumed to develop one dot is 
stored in advance in a storage medium such as a memory . 

SUMMARY OF THE INVENTION 
[ 0009 ] The present invention has an object of accurately 
acquiring a consumption amount of a developer such as 
toner . 
[ 0010 ] The present invention has another object of pro 
viding an image forming apparatus comprising : 
[ 0011 ] an image bearing member on which an electrostatic 
image is formed ; and 
[ 0012 ] a developer bearing member that bears a developer 
to develop the electrostatic image formed on the image 
bearing member , 
[ 0013 ] wherein the image forming apparatus is capable of 
performing 
[ 00141 a first image forming mode that performs image 
formation at a first peripheral speed ratio representing a ratio 
of a peripheral speed of the developer bearing member to a 
peripheral speed of the image bearing member and 
[ 0015 ] a second image forming mode that performs the 
image formation at a second peripheral speed ratio , which is 
different from the first peripheral speed ratio , 
[ 0016 ] wherein an amount of the developer consumed in 
the image formation is detected based on an estimate of an 
amount of the developer consumed by one pixel and the 
number of pixels at a part at which the developer is con 
sumed , and 
0017 ] wherein the estimate of the amount of the devel 
oper consumed by the one pixel in the first image forming 
mode is different from that in the second image forming 
mode . 
[ 0018 ] According to an embodiment of the present inven 
tion , it is possible to accurately acquire a consumption 
amount of a developer such as toner . 
[ 0019 ] . Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments with reference to the attached drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0020 ] FIG . 1 is a schematic configuration cross - sectional 
view of an image forming apparatus in a first embodiment ; 
10021 ] FIG . 2 is a schematic cross - sectional view of a 
process cartridge in the first embodiment ; 
[ 0022 ] FIG . 3 is a diagram showing the relationship 
between an image information signal and toner consumption 
in the first embodiment ; 
[ 0023 ] FIG . 4 is a flowchart showing the flow of detecting 
an amount of toner in the first embodiment ; 
[ 0024 ] FIG . 5 is a diagram showing the relationship 
between an image density signal and optical density ; 
[ 0025 ] FIG . 6 is a diagram showing the relationship 
between the image density signal and the toner consumption 
when PWM control is implemented ; 
[ 0026 ] FIG . 7 is a flowchart showing the flow of detecting 
a residual amount of the toner in a second embodiment ; 
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[ 0027 ] FIG . 8 is a diagram showing the relationship 
between the optical density and the image density signal in 
a third embodiment ; 
[ 0028 ] FIG . 9 is a diagram showing the relationship 
between the toner consumption and the image density signal 
in the third embodiment ; 
[ 0029 ] FIG . 10 is a diagram showing the relationship 
between the image density signal and toner consumption N 
per unit in the second embodiment ; 
[ 0030 ] FIG . 11 is a diagram showing the relationship 
between the image density signal and the toner consumption 
N per unit in the third embodiment ; 
[ 0031 ] FIG . 12 is a diagram showing an example in which 
the color gamut of an image formed on a recording material 
expands ; and 
[ 0032 ] FIG . 13 is a hardware configuration diagram show 
ing drive transmission paths from drive motors . 

DESCRIPTION OF THE EMBODIMENTS 
0033 ] Modes for carrying out the present invention are 

illustratively explained in detail below on the basis of 
embodiment with reference to the drawings . However , 
dimensions , materials , and shapes of components described 
in the embodiments , relative arrangement of the compo 
nents , and the like should be changed as appropriate accord 
ing to the configuration of an apparatus to which the 
invention is applied and various conditions . That is , the 
dimensions , the materials , the shapes , and the relative 
arrangement are not intended to limit the scope of the 
present invention to the embodiments . 

First Embodiment 
[ 0034 ] ( Entire Configuration of Image Forming Appara 
tus ) 
[ 0035 ] First , a description will be given of the entire 
configuration of an electrophotographic image forming 
apparatus 100 ( image forming apparatus 100 ) according to 
an embodiment . FIG . 1 is a schematic cross - sectional view 
of the image forming apparatus 100 according to the 
embodiment . The image forming apparatus 100 of the 
embodiment is a full - color laser printer using an in - line 
system and an intermediate transfer system . The image 
forming apparatus 100 is capable of forming a full - color 
image on a recording material ( for example , a recording 
sheet , a plastic sheet , a fabric , or the like ) according to image 
information received by the image forming apparatus 100 . 
The image information is input to the image forming appa 
ratus 100 from an image reading apparatus connected to the 
image forming apparatus 100 , a host device such as a 
personal computer communicably connected to the image 
forming apparatus 100 , or the like . 
[ 0036 ] The image forming apparatus 100 has , as a plural 
ity of image forming portions , first to fourth image forming 
portions SY , SM , SC , and SK that form images of the colors 
of yellow ( Y ) , magenta ( M ) , cyan ( C ) , and black ( K ) , 
respectively . In the embodiment , the first to fourth image 
forming portions SY to SK are arranged in a line in a 
direction crossing a vertical direction . In the embodiment , 
the configurations and operations of the first to fourth image 
forming portions SY to SK are substantially the same except 
that the colors of formed images are different from each 
other . Accordingly , suffixes Y , M , C , and K of symbols will 
be omitted below so long as it is not necessary to particularly 

distinguish the configurations and operations of the first to 
fourth image forming units SY to SK from each other . 
[ 0037 ] In the embodiment , all process cartridges 7 ( 7Y to 
7K ) for the respective colors have the same shape , and toner 
of the respective colors of yellow ( Y ) , magenta ( M ) , cyan 
( C ) , and black ( K ) is accommodated in the process car 
tridges 7 for the respective colors . In addition , the process 
cartridges 7 have an intermediate transfer belt 31 serving as 
means for transferring toner images developed by toner 10 
serving as a developer in the process cartridges 7 . The 
intermediate transfer belt 31 is a belt formed of an endless 
belt , comes in contact with all photosensitive drums 1 ( la to 
1d ) serving as image bearing members , and circularly moves 
in a direction ( counterclockwise direction ) indicated by 
arrow B in FIG . 1 . The intermediate transfer belt 31 is 
stretched over between a driver roller ( not shown ) , a sec 
ondary transfer facing roller ( not shown ) , and a driven roller 
( not shown ) serving as a plurality of support members . 
[ 0038 ] In addition , on the side of the inner peripheral 
surface of the intermediate transfer belt 31 , four primary 
transfer rollers 32 ( 32Y to 32K ) serving as primary transfer 
means are arranged side by side in a line at positions facing 
the respective photosensitive drums 1 . The primary transfer 
rollers 32 press the intermediate transfer belt 31 toward the 
photosensitive drums 1 to form primary transfer portions N1 
at which the intermediate transfer belt 31 and the photosen 
sitive drums 1 come in contact with each other . Further , a 
bias having polarity opposite to the normal charged polarity 
of the toner is applied from a primary transfer bias power 
supply ( high pressure power supply ) ( not shown ) serving as 
primary transfer applying means to the primary transfer 
rollers 32 . Thus , the toner images on the photosensitive 
drums 1 ( image bearing members ) are transferred ( primarily 
transferred ) onto the intermediate transfer belt 31 . 
[ 0039 ] In addition , at a position facing a secondary trans 
fer facing roller 35 on the side of the outer peripheral surface 
of the intermediate transfer belt 31 , a secondary transfer 
roller 33 serving as secondary transfer means is arranged . 
The secondary transfer roller 33 presses against the second 
ary transfer facing roller 35 via the intermediate transfer belt 
31 to form a secondary transfer portion at which the inter 
mediate transfer belt 31 and the secondary transfer roller 33 
come in contact with each other . Further , a bias having 
polarity opposite to the normal charged potential of the toner 
is applied from a secondary transfer bias power supply ( high 
pressure power supply ) ( not shown ) serving as secondary 
transfer bias applying means to the secondary transfer roller 
33 . Thus , the toner images on the intermediate transfer belt 
31 are transferred ( secondarily transferred ) onto a recording 
material 12 
[ 0040 ] As a further description , first of all , the surfaces of 
the photosensitive drums 1 serving as image bearing mem 
bers are uniformly charged by charging rollers 2 during 
image formation . Next , laser light corresponding to image 
information is irradiated by a scanner unit 30 ( exposure 
member ) to scan and expose the surfaces of the charged 
photosensitive drums 1 , whereby electrostatic images cor 
responding to the image information are formed on the 
photosensitive drums 1 . Then , the electrostatic images 
formed on the photosensitive drums 1 are developed as toner 
images by developing units 3 serving as developing appa 
ratuses . The toner images formed on the photosensitive 
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drums 1 are transferred ( primarily transferred ) onto the 
intermediate transfer belt 31 by the operation of the primary 
transfer rollers 32 . 
10041 ] For example , when a full - color image is formed , 
the above processes are successively performed in the first 
to fourth image forming portions SY to SK , whereby toner 
images of the respective colors are primarily transferred 
onto the intermediate transfer belt 31 so as to overlap each 
other . Then , the recording material 12 is conveyed to the 
secondary transfer portion in synchronization with the 
movement of the intermediate transfer belt 31 . The toner 
images of the four colors on the intermediate transfer belt 31 
are collectively secondarily transferred onto the recording 
material 12 by the operation of the secondary transfer roller 
33 coming in contact with the intermediate transfer belt 31 
via the recording material 12 . 
[ 0042 ] The recording material 12 onto which the toner 
images have been transferred is conveyed to a fixing appa 
ratus 34 serving as fixing means . When heat and pressure are 
applied onto the recording material 12 in the fixing appa 
ratus 34 , the toner images are fixed onto the recording 
material 12 . In addition , primarily untransferred toner on the 
photosensitive drums 1 after the primary transfer process is 
removed and collected by cleaning members 6 ( see FIG . 2 ) . 
In addition , secondarily untransferred toner on the interme 
diate transfer belt 31 after the secondary transfer process is 
cleaned by an intermediate transfer belt cleaning device ( not 
shown ) . Note that the image forming apparatus 100 is also 
capable of forming a monochromatic or multicolor image 
using a desired one or some of ( not every one of ) the image 
forming portions . 
[ 0043 ] Here , FIG . 13 is a hardware configuration diagram 
showing drive transmission paths from drive motors M1 to 
M3 serving as drive sources . In the embodiment , as shown 
in FIG . 13 , developing rollers 4a , 4b , and 4c serving as 
developer bearing members are driven by the same drive 
motor Mi . In addition , a developing roller 4d , the photo 
sensitive drum ld , and the intermediate transfer belt 31 are 
driven by the same drive motor M2 . In addition , the pho 
tosensitive drums la , 1b , and 1c are driven by the same drive 
motor M3 . In the embodiment , the photosensitive drum 1d 
contacting ( facing ) the developing roller 4d is , for example , 
driven by the different drive motor . Thus , since it is possible 
to change peripheral speeds ( movement speeds of the sur 
faces ) of the developing rollers and peripheral speeds 
( movement speeds of the surfaces ) of the photosensitive 
drums , image formation may be performed in a mode in 
which a peripheral speed ratio is different . 
[ 0044 ] ( Configuration of Process Cartridges ) 
[ 0045 ] Next , a description will be given , with reference to 
FIG . 2 , of the entire configuration of the process cartridges 
7 attached to the image forming apparatus 100 of the 
embodiment . In the embodiment , the configurations and 
operations of the process cartridges 7 for the respective 
colors are substantially the same except for the types ( col 
ors ) of accommodated toner . FIG . 2 is a schematic cross 
sectional view ( main cross - sectional view ) of one of the 
process cartridges 7 when seen along the longitudinal direc 
tion ( rotational central axis line direction of the photosen 
sitive drum 1 . The posture of the process cartridge 7 shown 
in FIG . 2 is adopted when the process cartridge 7 is attached 
to the image forming apparatus 100 . The positional rela 
tionships , directions , and the like , of the respective compo 
nents of the process cartridge 7 that will be described later 

are based on positional relationships and directions where 
the process cartridge 7 adopts the posture . 
[ 0046 ] The process cartridge 7 is integrally constituted by 
a photosensitive unit 13 having the photosensitive drum 1 
serving as an image bearing member or the like and the 
developing unit 3 having the developing roller 4 or the like . 
The photosensitive drum 1 is rotatably attached to the 
photosensitive unit 13 via a bearing not shown . The photo 
sensitive drum 1 rotates and drives in a ( clockwise ) direction 
indicated by arrow A in FIG . 2 according to an image 
forming operation when a drive force is transmitted from a 
drive motor serving as drive means ( drive source ) not shown 
to the photosensitive unit 13 . Note that the photosensitive 
drum 1 has an outer diameter of 24 mm and rotates at 40 
rpm . In the embodiment , the photosensitive drum 1 playing 
a central role in an image forming process is an organic 
photosensitive drum 1 in which an undercoat layer , a carrier 
generation layer , and a carrier transfer layer serving as 
functional films are successively coated on the outer periph 
eral surface of an aluminum cylinder . 
[ 0047 ] In addition , the photosensitive unit 13 has a clean 
ing member 6 and a charging roller 2 arranged so as to 
contact the outer peripheral surface of the photosensitive 
drum 1 . Residual toner removed from the surface of the 
photosensitive drum 1 by the cleaning member 6 is dropped 
and accommodated in a waste toner container inside the 
photosensitive unit 13 . The charging roller 2 serving as 
charging means is formed of a cored bar and conductive 
rubber covering the outer peripheral surface of the cored bar , 
and driven to rotate when a roller portion formed of the 
conductive rubber contacts the photosensitive drum 1 . 
[ 0048 ] Here , a prescribed DC voltage is applied to the 
cored bar of the charging roller 2 in a charging process , 
whereby a uniform dark potential ( Vd ) is formed on the 
surface of the photosensitive drum 1 . In addition , a spot 
pattern of laser light emitted from the scanner unit 30 
( exposure member ) so as to correspond to image data 
exposes the photosensitive drum 1 , and charges on the 
surface disappear due to carriers from the carrier generation 
layer , whereby a potential at a segment exposed by the laser 
light reduces . As a result , the potential of the exposed 
segment becomes a prescribed bright potential ( V1 ) , and a 
potential of an unexposed segment becomes a prescribed 
dark potential ( Vd ) . Thus , an electrostatic latent image is 
formed on the photosensitive drum 1 . Note that the pre 
scribed dark potential ( Vd ) is set at - 500 V and the pre 
scribed bright potential ( V1 ) is set at - 100 V in the embodi 
ment . 
[ 0049 ] On the other hand , the developing unit 3 serving as 
a developing apparatus has the developing roller 4 serving as 
a developer bearing member that bears the toner 10 serving 
as a developer and a developing chamber 18a in which a 
toner supply roller 20 serving as a supply member that 
supplies the toner 10 to the developing roller 4 is arranged . 
Moreover , in the developing unit 3 , a toner accommodation 
portion ( developer accommodation portion ) 18b that accom 
modates the toner 10 is provided under the toner supply 
roller 20 in the vertical direction . Note that the toner used in 
the embodiment has a degree of agglomeration of 5 % to 
40 % in its initial state . In order to ensure the flowability of 
the toner through a durability test , the toner having such a 
degree of agglomeration is preferably used . In addition , the 
degree of agglomeration of the toner was measured as 
follows . 
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[ 0050 ] As a measuring apparatus , a powder tester ( manu 
factured by Hosokawa Micron Corporation ) having a digital 
vibration meter ( DIGITAL VIBRATION METER MODEL 
1332 manufactured by SHOWA SOKKI CORPORATION ) 
was used . In addition , as a measuring method , a 390 - mesh 
sieve , a 200 - mesh sieve , and a 100 - mesh sieve were stacked 
in order and set on a vibration table in a narrowing order of 
an opening , i . e . , the 390 - mesh sieve , the 200 - mesh sieve , 
and the 100 - mesh sieve were stacked in order and set so as 
to make the 100 - mesh sieve placed on a top side . 
[ 0051 ] 5g of a correctly measured sample ( toner ) was put 
on the 100 - mesh sieve and adjusted such that a displacement 
value of the digital vibration meter was set at 0 . 6 mm 
( peak - to - peak ) , and the sieves were vibrated for 15 seconds . 
After that , the masses of the residual sample on the respec 
tive sieves were measured , and the degree of agglomeration 
was obtained based on the following expression . At this 
time , the measurement sample was left uncontrolled for 24 
hours in a 23° C . and 60 % RH ( relative humidity ) environ 
ment in advance , and measured in the 23° C . and 60 % RH 
environment . 
m 

Degree of agglomeration ( % ) = ( mass of residual 
sample on 100 - mesh sieve / 5 g ) x100 + ( mass of 
residual sample on 200 - mesh sieve / 5 g ) x60 + 
( mass of residual sample on 390 - mesh sieve / 5 
g ) x20 

[ 0052 ] In addition , the toner supply roller 20 forms , while 
rotating , a nip portion ( portion at which the toner is held by 
the developing roller 4 and the toner supply roller 20 ) with 
the developing roller 4 . 
[ 0053 ] Inside the toner accommodation chamber 18b , a 
stirring and transporting member 22 is provided . The stirring 
and transporting member 22 rotates in a direction indicated 
by arrow G in FIG . 2 , and transports the toner to the upper 
portion of the toner supply roller 20 while stirring the toner 
accommodated in the toner accommodation chamber 18b . In 
the embodiment , the stirring and transporting member drives 
and rotates at 30 rpm . 
[ 0054 ] A developing blade 8 is arranged beneath the 
developing roller 4 , comes in contact with the developing 
roller 4 in its countering direction , controls a coated amount 
of the toner supplied by the toner supply roller 20 , and 
applies charges to the toner . In the embodiment , a blade 
spring - shaped SUS thin plate having a thickness of 0 . 1 mm 
is used as the developing blade 8 , and the surface of the 
developing blade 8 comes in contact with the toner and the 
developing roller 4 using the spring elasticity of the thin 
plate . Here , the developing blade 8 may be formed in other 
configurations . For example , a metal thin plate formed of 
phosphor bronze , aluminum , or the like may be used . In 
addition , the surface of the developing blade 8 may be 
coated with a thin film formed of polyamide elastomer , 
urethane rubber , urethane resin , or the like . 
[ 0055 ] In addition , the toner is charged by friction when 
the developing blade 8 and the developing roller 4 rub 
against each other , whereby charges are applied to the toner . 
At the same time , a thickness of a toner layer is controlled 
by the developing blade 8 . In addition , in the embodiment , 
a prescribed voltage is applied from a blade bias power 
supply ( not shown ) to the developing blade 8 to stabilize a 
coated amount of the toner . In addition , in the embodiment , 
a bias applied to the developing blade 8 is set at – 500 V . 
[ 0056 ] In addition , the developing roller 4 serving as a 
developer bearing member and the photosensitive drum 1 

rotate such that their mutual surfaces move in the same 
direction ( direction from a lower side to an upper side in the 
embodiment ) at a portion at which the developing roller 4 
and the photosensitive drum 1 face each other . Note that the 
developing roller 4 is arranged in contact with the photo 
sensitive drum 1 in the embodiment but may be arranged 
closely to the photosensitive drum 1 with a prescribed 
interval . 
[ 0057 ] In the embodiment , the toner negatively charged by 
friction transfers only to the bright potential portion of the 
photosensitive drum 1 due to the potential difference 
between the photosensitive drum 1 and the developing roller 
4 at a developing portion at which the photosensitive drum 
1 serving as an image bearing member and the developing 
roller 4 contact each other . Thus , an electrostatic latent 
image is visualized as a toner image . In the embodiment , a 
voltage of - 300 V is applied to the developing roller 4 such 
that the potential difference AV between the bright potential 
portion of the photosensitive drum 1 and the developing 
roller 4 becomes 200 V to form a toner image on the 
photosensitive drum 1 . 
[ 0058 ] In addition , the toner supply roller 20 and the 
developing roller 4 rotate in a direction in which the surfaces 
of the toner supply roller 20 and the developing roller 4 
move from the upper end to the lower end of the nip portion . 
That is , the toner supply roller 20 rotates ( clockwise ) in a 
direction indicated by arrow E and the developing roller 4 
rotates in a direction indicated by arrow D in FIG . 2 . The 
toner supply roller 20 is an elastic sponge roller obtained by 
forming a foaming layer on the outer periphery of a con 
ductive cored bar . 
[ 0059 ] In addition , the toner supply roller 20 is pressed by 
the developing roller 4 to be depressed by AE . The toner 
supply roller 20 and the developing roller 4 rotate in 
opposite directions at the contact region at which the toner 
supply roller 20 and the developing roller 4 come in contact 
with each other . Thus , the toner is supplied from the toner 
supply roller 20 to the developing roller 4 . At that time , it is 
possible to adjust an amount of the toner to be supplied to 
the developing roller 4 by the adjustment of the potential 
difference between the toner supply roller 20 and the devel 
oping roller 4 . In the embodiment , the toner supply roller 
rotates at 80 rpm , and the developing roller rotates at 100 
rpm . Further , a DC bias is applied to the toner supply roller 
20 such that the toner supply roller 20 and the developing 
roller 4 have the same potential . 
[ 0060 ] Note that in the embodiment , both the developing 
roller 4 and the toner supply roller 20 have an outer diameter 
of 15 mm . In addition , a depressed amount AE of the toner 
supply roller 20 when the toner supply roller 20 is pressed 
by the developing roller 4 is set at 1 . 0 mm . In addition , the 
heights of the centers of the toner supply roller 20 and the 
developing roller 4 are the same . Further , the toner supply 
roller 20 in the embodiment has a conductive support body 
and a foaming layer supported by the conductive support 
body . Specifically , the toner supply roller 20 has a cored bar 
electrode having an outer diameter 0 of 5 mm as a conduc 
tive support body . In addition , in the toner supply roller 20 , 
an urethane foaming layer serving as a foaming layer formed 
of a continuous foaming body ( continuous foams ) in which 
foams are connected to each other is provided around the 
cored bar electrode . In addition , the toner supply roller 20 
rotates in the direction indicated by arrow E in FIG . 2 . 
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[ 0061 ] In the embodiment , the image forming apparatus 
100 is capable of performing an image forming mode A as 
a first image forming mode to perform image formation at 
normal image density . That is , the image forming mode A is 
so - called a normal mode . In addition , the image forming 
apparatus 100 is capable of performing an image forming 
mode B as a second image forming mode to form a high 
density image while increasing a tinge selection range 
( expanding a color gamut ) by changing the peripheral speed 
ratio between the developing roller 4 and the photosensitive 
drum 1 . Here , FIG . 12 is a diagram showing an example in 
which the color gamut of an image formed on the recording 
material 12 expands . As shown in FIG . 12 , for example , the 
color gamut of the image does not partially decrease but 
increases as a whole in the embodiment . Specifically , the 
color gamut of yellow , red , magenta , cyan , and green 
increases . However , the gamut of blue does not greatly 
increase . It is possible to increase the color gamut of yellow 
( Y ) and red ( R ) by 5 % to 15 % . 
[ 0062 ] The comparison between the respective image 
forming modes indicates that the peripheral speed ratio 
between the photosensitive drum 1 and the developing roller 
4 serving as a developer bearing member becomes different 
particularly when a black solid image is formed . In the 
image forming mode A representing the first image forming 
mode , the toner on the developing roller 4 transfers to the 
photosensitive drum 1 due to an electrical potential formed 
by a bias applied to the developing roller 4 and an electro 
static latent image formed on the photosensitive drum 1 . On 
the other hand , in the image forming mode B representing 
the second image forming mode , a supply amount of the 
toner transferring from the developing roller 4 onto the 
photosensitive drum 1 increases with an increase in the 
peripheral speed ratio between the developing roller 4 and 
the photosensitive drum 1 . 
[ 0063 ] A description will be given in detail of a gamut 
expansion mode ( image forming mode B ) in which the 
gamut ( expressible color range ) of an image formed on the 
recording material 12 expands . In the embodiment , the 
photosensitive drum 1 rotates at 20 rpm in the image 
forming mode B ( the photosensitive drum 1 rotates at 40 
rpm in the image forming mode A ) . At this time , the 
developing roller 4 rotates at 100 rpm like the case of the 
image forming mode A . That is , in the image forming mode 
B , a peripheral speed of the photosensitive drum 1 is made 
slower than that of the photosensitive drum 1 in the image 
forming mode A to increase the peripheral speed difference 
between the photosensitive drum 1 and the developing roller 
4 . As a result , the peripheral speed ratio between the 
photosensitive drum 1 and the developing roller 4 ( the speed 
ratio between the outer peripheral surfaces ) is set at 156 % 
( first peripheral speed ratio ) in the image forming mode A 
but becomes 312 % ( second peripheral speed ratio ) in the 
image forming mode B . That is , the peripheral speed ratio 
( second peripheral speed ratio ) between the photosensitive 
drum 1 and the developing roller 4 in the image forming 
mode B is greater than that ( first peripheral speed ratio ) 
between the photosensitive drum 1 and the developing roller 
4 in the image forming mode A . As a result , in the image 
forming mode B , an amount of the toner ( developer ) trans 
ferring from the developing roller 4 onto the photosensitive 
drum 1 when a solid black image is formed becomes twice 
as much as that of the image forming mode A . Thus , in the 
image forming mode B , it is possible to increase image 

density while expanding the gamut of an image formed on 
the recording material 12 . Note that in the embodiment , the 
peripheral speed of the photosensitive drum 1 is set at 50 
mm / sec and the peripheral speed of the developing roller 4 
is set at 78 . 5 mm / sec in the image forming mode A . Here , 
in the embodiment , the “ peripheral speed ratio ” represents a 
value obtained by dividing a peripheral speed of the devel 
oping roller 4 by a peripheral speed of the photosensitive 
drum 1 . That is , the peripheral speed ratio ( % ) = the periph 
eral speed of the developing roller 4 / the peripheral speed of 
the photosensitive drum 1x100 ( % ) is established . In addi 
tion , the “ peripheral speed ratio ” represents the peripheral 
speed ratio between the photosensitive drum 1 and the 
developing roller 4 at a portion at which the photosensitive 
drum 1 and the developing roller 4 contact each other . It is 
assumed that one direction at the portion at which the 
photosensitive drum 1 and the developing roller 4 contact 
each other is a forward direction . For example , when the 
photosensitive drum 1 and the developing roller 4 rotate in 
the same direction at the portion at which the photosensitive 
drum 1 and the developing roller 4 contact each other and 
have the same peripheral speed of 50 mm / sec , the peripheral 
speed ratio between the photosensitive drum 1 and the 
developing roller 4 becomes 100 % . In addition , there is a 
case that the photosensitive drum 1 and the developing roller 
4 rotate in opposite directions at the portion at which the 
photosensitive drum 1 and the developing roller 4 contact 
each other . In this case , when the photosensitive drum 1 has 
a peripheral speed of 50 mm / sec and the developing roller 4 
has a peripheral speed of – 50 mm / sec , the peripheral speed 
ratio between the photosensitive drum 1 and the developing 
roller 4 becomes - 100 % . 
[ 0064 ] Here , in the embodiment , an image formed on the 
recording material 12 is digital . That is , in the embodiment , 
a multiplicity of the colors of dots gathers together to form 
an image . Further , in the embodiment , an amount of the 
toner consumed by one image is detected based on the 
number of dots ( the number of pixels ) by which the toner is 
consumed and an amount of the toner consumed by one dot 
( one pixel ) . For example , an amount of the toner consumed 
by one dot is stored in a storage portion 200 such as a 
memory in advance . Further , a CPU 53 serving as a control 
portion runs a programs stored in a ROM 54 to multiply the 
number of dots by which the toner is consumed by an 
amount of the toner consumed by one dot . Thus , an amount 
of the toner consumed by one image is detected . However , 
in order to detect toner consumption , it is also possible , for 
example , to combine together an optical transmission sys 
tem residual toner amount detection method and a residual 
toner amount detection method using the number of dots by 
which an image is formed . However , in the embodiment , an 
amount of the toner consumed by one image is detected 
based on an amount of the toner consumed by one dot . 
10065 ) Specifically , in the embodiment , an amount of the 
toner consumed by one dot is as follows . 
[ 0066 ] Image forming mode A : a ( grams / dot ) 
[ 0067 ] Image forming mode B : b ( grams / dot ) 
[ 0068 ] It is also possible to change the above values 
according to use environments ( temperature and humidity ) . 
Here , when two or more image forming modes are provided 
like the embodiment , it is necessary to set in advance an 
estimate of the amount of the toner ( developer ) consumed by 
one dot for each of the plurality of modes . In the embodi 
ment , the above values a and b are set in advance as 
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estimates of the amounts of the toner consumed by one dot . 
Here , as will be described later , the estimates of the amounts 
of the toner consumed by one dot are stored in advance in 
the storage portion 200 such as a memory . 
[ 0069 ] Note that estimates of the amounts of the toner 
consumed by one dot are stored in the storage portion 200 
in the embodiment but may be stored in other ways . For 
example , the process cartridge 7 may have a memory to 
store estimates of the amounts of the toner consumed by one 
dot . 
[ 0070 ] In the embodiment , the peripheral speed ratio 
between the developing roller 4 serving as a developer 
bearing member and the photosensitive drum 1 serving as an 
image bearing member is set at 156 % ( first peripheral speed 
ratio ) in the image forming mode A , and the peripheral speed 
ratio between the developing roller 4 and the photosensitive 
drum 1 is set 312 % ( second peripheral speed ratio ) in the 
image forming mode B . Thus , an amount of the toner 
transferring from the developing roller 4 onto the photosen 
sitive drum 1 becomes twice . Here , FIG . 3 is a diagram 
showing the relationship between toner consumption for 
forming one image and an image density signal received by 
the image forming apparatus 100 . That is , an amount of the 
toner consumed by one dot in the image forming mode B 
becomes twice as much as that consumed by one dot in the 
image forming mode A . Therefore , the following relation 
ship is established in the embodiment . 

b = 2xa 

[ 0071 ] Using the relationship , an estimate of the amount 
of the toner consumed by one dot is changed ( made differ 
ent ) in the image forming mode A representing the first 
image forming mode and the image forming mode B rep 
resenting the second image forming mode . Thus , it is 
possible to accurately detect toner consumption for forming 
one image in the image forming mode A and the image 
forming mode B . Thus , the image forming apparatus 100 
according to the embodiment is allowed to alert a user to the 
absence of the toner ( “ the toner has been used up ' ) in the 
developing unit 3 at an appropriate timing . 
[ 0072 ] FIG . 4 is a flowchart showing the flow of detecting 
a residual amount of the toner ( residual amount of the 
developer ) in the first embodiment . A description will be 
given , with reference to the flowchart shown in FIG . 4 , in 
detail of the flow of determining the presence or absence of 
the toner inside the developing unit 3 serving as a develop 
ing apparatus . In the image forming apparatus 100 , estimates 
of the amounts of the toner consumed by one dot are stored 
in the storage portion 200 such as a memory in advance . The 
number of dots ( the number of pixels ) by which the toner is 
consumed is derived based on an image information signal 
from a host 51 received by the image forming apparatus 100 . 
Specifically , the CPU 53 serving as a control portion runs a 
program stored in the ROM 54 to divide a lighting time 
( lighting time for one image ) of laser irradiated by the 
scanner unit 30 ( exposure member ) by a lighting time 
necessary for forming an electrostatic image of one dot . 
Thus , the number of dots by which the toner is consumed is 
calculated . The number of dots by which the toner is 
consumed is stored in the storage portion 200 such as a 
memory . Further , such information on dots is updated every 
time one image is formed . Here , in the embodiment , the 
storage portion 200 such as a memory and the ROM 54 are 
separately configured but may be configured in other ways . 

For example , the ROM 54 may have a function , as the 
storage portion 200 , to store , in advance , estimates of the 
amounts of the toner consumed by one dot . 
[ 0073 ] A description will be given of the flow with refer 
ence to the flowchart shown in FIG . 4 . First , the processing 
proceeds to S2 when a print signal is input from the host 51 
to the image forming apparatus 100 ( YES in S1 ) . At this 
time , a residual amount W = wl of the toner inside the 
developing unit 3 has been acquired in a previous image 
forming operation and stored in the storage portion 200 of 
the image forming apparatus 100 . After that , the image 
forming apparatus 100 starts an image forming operation , 
and the developing roller 4 rotates at an appropriate timing 
to form an electrostatic latent image on the photosensitive 
drum 1 serving as an image bearing member ( S2 ) . 

[ 0074 ] Further , in S3 , when the CPU 53 serving as a 
control portion runs a program stored in the ROM 54 , the 
number d of dots by which the toner is consumed is acquired 
based on an image information signal received by the image 
forming apparatus 100 ( S3 ) . Further , in S4 , the processing 
proceeds to S5 when the image forming apparatus 100 
performs the image forming mode A . On the other hand , the 
processing proceeds to S9 when the image forming appara 
tus 100 performs the image forming mode B in S4 . 
[ 0075 ] Further , in S5 , the CPU 53 runs the program stored 
in the ROM 54 to multiply an amount a ( grams / dot ) of the 
toner consumed by one dot by the number of dots ( the 
number of pixels ) by which the toner is consumed . Thus , an 
amount wd of the toner consumed by one image is calculated 
( S5 ) . Further , the amount wd of the toner consumed in this 
image forming operation is subtracted from the residual 
amount W = wl of the toner acquired in the previous image 
forming operation ( before the image forming operation ) . 
Thus , a residual amount ( W - wd ) of the toner inside the 
developing unit 3 is acquired . 
[ 0076 ] Next , in S6 , the CPU 53 runs the program stored in 
the ROM 54 to compare the residual amount W - wd of the 
toner inside the developing unit 3 with a threshold Ew ( S6 ) . 
Here , the threshold Ew represents a threshold for determin 
ing whether the residual amount of the toner inside the 
developing unit 3 has been zero . Further , when the residual 
amount W - wd of the toner is greater than the threshold Ew 
( YES in S6 ) , the image forming apparatus 100 ends the 
printing operation to shift to a standby state ( S7 ) . On the 
other hand , when the residual amount W - wd of the toner is 
less than or equal to the threshold Ew ( NO in S6 ) , a display 
is controlled to alert a user to the fact that the residual 
amount of the toner inside the developing unit 3 serving as 
a developing apparatus has been zero ( S8 ) . 
[ 0077 ] Meanwhile , when the image forming apparatus 100 
performs the image forming mode B ( NO in S4 ) , an amount 
wd of the toner consumed by one image is calculated with 
an assumption that an amount of the toner consumed by one 
dot is b ( = 2xa ) ( grams / dot ) ( S9 ) . Further , the amount wd of 
the consumed toner is subtracted from the residual amount 
W = wl of the toner after the previous image forming opera 
tion to compare the residual amount W - wd of the toner with 
the threshold Ew ( S6 ) . When the residual amount W - wd of 
the toner is greater than the threshold Ew , the image forming 
apparatus 100 ends the printing operation to shift to the 
standby state ( S7 ) . On the other hand , when the residual 
amount W - wd of the toner is less than or equal to the 
threshold Ew , the image forming apparatus 100 alerts the 
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Side user to the fact that the residual amount of the toner inside 
the developing unit 3 has been zero ( S8 ) . 
[ 0078 ] As described above , in the first embodiment , the 
image forming apparatus 100 is capable of performing the 
image forming mode A and the image forming mode B 
having the different peripheral speed ratios between the 
photosensitive drum 1 and the developing roller 4 . In 
addition , the image forming apparatus 100 acquires an 
amount of the toner consumed in the image formation based 
on an estimate of the amount of the toner consumed by one 
dot and the number of dots at a part by which the toner is 
consumed . Further , the image forming apparatus 100 uses a 
different estimate of the amount of the toner consumed by 
one dot for each of the image forming mode A and the image 
forming mode B . 
[ 0079 ] Thus , it is possible to accurately acquire toner 
consumption while increasing image quality . 

Specifically , a laser irradiation time when an image is 
formed ( printed ) may be divided by a laser irradiation time 
when a black solid image is formed to calculate a degree of 
the image density signal . 
[ 0083 ] Here , when it is assumed that a halftone image with 
intermediate gradation ( for example , when a value of the 
image density signal is set at 50 % ) is printed on the entire 
surface of the recording material 12 , the image is printed 
with the same setting as that of the image forming mode A . 
In this case , as shown in FIG . 5 , the optical density ( OD 
value ) of the halftone image in the image forming mode B 
becomes twice or more as much as that in the image forming 
mode A . This is because an optical dot gain occurs ( density 
of the image looks different from actual density due to the 
absorption and reflection of light ) . The sneak pass ( diffrac 
tion ) of the light causes an increase in the optical density of 
the halftone image . 
[ 0084 ] Therefore , in order to prevent the image density 
with the intermediate gradation ( halftone ) from being higher 
than actual image density , the PWM is used in the embodi 
ment . Specifically , when the image density signal has the 
same value , a laser irradiation time by the scanner unit 30 in 
the image forming mode B is made shorter than that in the 
image forming mode A . Thus , the relationship between the 
image density signal and the optical density ( OD ) is cor 
rected to be linear also in the image forming mode B . 
[ 0085 ] Further , since the relationship between the image 
density signal and the optical density ( OD ) is corrected by 
the PWM in the image forming mode B in the embodiment , 
the toner consumption decreases in the intermediate grada 
tion . As a result , the relationship between the image density 
signal and the toner consumption shown in FIG . 6 is 
obtained . As shown in FIG . 6 , when the image is printed in 
a state in which the image density signal has a value of 
100 % , the toner consumption in the image forming mode B 
becomes twice as much as that in the image forming mode 
A . 

Second Embodiment 
[ 0080 ] Next , a description will be given of a second 
embodiment . Note that in the embodiment , portions having 
the same functions as those of the first embodiment will be 
denoted by the same symbols and their descriptions will be 
omitted . Here , in the embodiment , a lighting time of laser 
irradiated by the scanner unit 30 is changed besides per 
forming dithering ( image formation by dots ) to express a 
multivalued image ( image formed by three or more colors ) . 
Thus , it is possible to adjust gradation of the density of one 
pixel ( basic pixel ) constituting an image in a plurality of 
stages . Here , the " gradation ” represents a degree of the 
concentration of pixels constituting a digital image . Specifi 
cally , a lighting time of laser is made different to change a 
time of irradiation of the photosensitive drum 1 by the laser 
or a region of the photosensitive drum 1 onto which the laser 
is irradiated . In the embodiment , PWM ( Pulse Width Modu 
lation method ) is used to adjust gradation of the density of 
one pixel constituting an image . When an image is formed 
by the PWM , generally both resolution and gradation of the 
image ( a degree of a change in the concentration of a color ) 
become higher than a case in which the image is formed by 
the dithering . 
[ 0081 ] FIG . 5 is a diagram showing the relationship 
between an image density signal and optical density . In 
addition , FIG . 6 is a diagram showing the relationship 
between the image density signal and toner consumption 
when the PWM is used . When the image forming mode B is 
performed with the same setting as that of the image forming 
mode A , the relationship between the optical density ( OD 
value ) and the image density signal shown in FIG . 5 is 
obtained after the confirmation of gradation of an image . 
When the image density signal has the same value , the 
comparison of the toner consumption between the image 
forming mode A and the image forming mode B shows that 
toner consumption in the image forming mode B becomes 
twice as much as that in the image forming mode A as a 
matter of course . 
[ 0082 ] Note that the image density signal is a signal 
showing density of an image formed on the recording 
material 12 . When a solid black image is formed on the 
recording material 12 , a value of the image density signal 
becomes 100 % . Note that the image density signal may be 
calculated from the ratio of a laser irradiation time by the 
scanner unit 30 when a solid black image is formed to a laser 
irradiation time when the solid black image is not formed . 

[ 0086 ] However , when the halftone image is printed in a 
state in which the image density signal has a value of 50 % , 
the toner consumption in the image forming mode B 
becomes only 1 . 5 times as much as that in the image forming 
mode A . 
[ 0087 ] Therefore , when it is assumed that the relationship 
between an amount b of the toner consumed by one dot in 
the image forming mode B and an amount a of the toner 
consumed by one dot in the image forming mode A is 
expressed as b = Axa ( where A represents a constant value ) 
like the first embodiment , it is not possible to accurately 
acquire a residual amount of the toner . In view of this 
problem , a value of an amount N of the toner consumed by 
one dot is made different according to a value of the image 
density signal as shown in FIG . 10 . Note that the amount N 
of the toner is determined by calculating in advance the 
relationship between actual toner consumption and the 
image density signal through experiment . Further , a corre 
spondence as shown in FIG . 10 is stored in advance in the 
storage portion 200 such as a memory . Further , in the 
embodiment , toner consumption for each range of the image 
density signal is acquired , and a total of the toner consump 
tion is regarded as an amount of the toner consumed by one 
image . 
f0088 ) FIG . 7 is a flowchart showing the flow of detecting 
a residual amount of the toner in the second embodiment . A 
description will be given , with reference to FIG . 7 , in detail 
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of the flow of a method for acquiring a residual amount of 
the toner in the embodiment . In the embodiment as well , the 
CPU 53 runs a program stored in the ROM 54 to control the 
operation of a device inside the image forming apparatus 
100 like the first embodiment . In the embodiment , the image 
forming apparatus 100 stores in advance the correspondence 
( see FIG . 10 ) between the amount N of the toner consumed 
by one dot and the image density signal in the storage 
portion 200 such as a memory . 
[ 0089 ] In addition , in the embodiment , as shown in FIG . 
10 , the image density signal is divided into five ranges in 
increments of 20 % , and the number of dots by which the 
toner is consumed is acquired for each of the five ranges of 
the image density signal . Further , the number of dots by 
which the toner is consumed is stored in the storage portion 
200 such as a memory . However , the number of dots by 
which the toner is consumed may be stored in other ways . 
For example , it may be possible to divide the recording 
material 12 into some regions and store the number of dots 
by which the toner is consumed and an average of the values 
of the image density signal for each of the regions in the 
storage portion 200 . 
[ 0090 ] In FIG . 7 , first , the processing proceeds to S2 when 
a print signal is input from the host 51 to the image forming 
apparatus 100 ( YES in S1 ) . At this time , a residual amount 
W = wl of the toner acquired in a previous image forming 
operation has been stored in the storage portion 200 inside 
the image forming apparatus 100 . After that , in S2 , the 
image forming apparatus 100 starts an image forming opera 
tion , and the developing roller 4 rotates at an appropriate 
timing to form an electrostatic latent image on the photo 
sensitive drum 1 ( S2 ) . In S3 , the image forming apparatus 
100 determines which one of the image forming mode A and 
the image forming mode B is to be performed ( S3 ) . The 
processing proceeds to S4 when the image forming appara 
tus 100 performs the image forming mode A ( YES in S3 ) . 
On the other hand , the processing proceeds to S9 when the 
image forming apparatus 100 performs the image forming 
mode B ( NO in S3 ) . 
0091 ] Further , in S4 , the number d of dots by which the 
toner is consumed is acquired in the same manner as that of 
the first embodiment ( S4 ) . Next , in S5 , an amount a of the 
toner consumed by one dot is multiplied by the number d of 
dots by which the toner is consumed to acquire an amount 
wd of the toner consumed by one image ( S5 ) . Further , the 
amount wd of the toner may be subtracted from the residual 
amount W = wl of the toner after the previous image forming 
operation to acquire a residual amount ( wl - wd ) of the toner 
inside the developing unit 3 after this image forming opera 
tion . After that , when the residual amount W - wd of the toner 
is greater than a threshold Ew , the image forming apparatus 
100 ends the image forming operation to shift to a standby 
state ( NO in S6 ) . On the other hand , when the residual 
amount W - wd of the toner is less than or equal to the 
threshold Ew , the image forming apparatus 100 alerts a user 
to the fact that the residual amount of the toner inside the 
developing unit 3 serving as a developing apparatus has 
been zero ( “ the toner has been used up ” ) ( S8 ) . 
[ 0092 ] Here , in the embodiment , when the image forming 
apparatus 100 performs an image forming operation in the 
image forming mode B , the number d of dots by which the 
toner is consumed is acquired for each of the five ranges of 
the image density signal as described above . For each of the 
five ranges of the image density signal , the amount N 

( grams / dot ) ( see FIG . 10 ) of the toner consumed by one dot 
is multiplied by the number d of dots . Further , by the 
integration of the toner consumption acquired for the five 
respective ranges of the image density signal , an amount wd 
of the toner consumed by one image is acquired . 
10093 ] . After that , in S6 , the amount wd of the consumed 
toner is subtracted from the residual amount W = wl of the 
toner to compare a residual amount W - wd of the toner with 
the threshold Ew ( S6 ) . When the residual amount W - wd of 
the toner is greater than the threshold Ew , the image forming 
apparatus 100 ends the image forming operation to shift to 
the standby state ( No in S6 , S7 ) . On the other hand , when the 
residual amount W - wd of the toner is less than or equal to 
the threshold Ew , the image forming apparatus 100 alerts the 
user to the fact that the residual amount of the toner inside 
the developing unit 3 has been zero ( “ the toner has been used 
up ” ) ( YES in S6 , S8 ) . 
[ 0094 ] In the embodiment , the image density signal is 
divided into some ranges in increments of 20 % , and the 
amount N of the toner consumed by one dot is set for each 
of the ranges . However , the image density signal is not 
necessarily divided into ranges at even intervals . For 
example , in a range of the image density signal in which 
toner consumption changes greatly , the image density signal 
may be segmentalized . In addition , the curve shown in FIG . 
6 may be stored in the storage portion 200 in advance to 
calculate toner consumption . 
[ 0095 ] As described above , in the embodiment , it is pos 
sible to accurately acquire toner consumption while increas 
ing image quality like the first embodiment . 
[ 0096 ] In addition , in the embodiment , since an image is 
formed by the PWM , both resolution and gradation of an 
image ( a degree of a change in the concentration of a color ) 
become higher than those of a case in which an image is 
formed by the dithering . 

Third Embodiment 

[ 0097 ] In a third embodiment , based on a measurement 
result of a colorimeter that measures optical density ( OD 
value ) , an amount of the toner consumed by one dot is 
corrected such that optical density of an image printed on the 
recording material 12 becomes appropriate . Further , when 
such a correction is performed , an amount of the toner 
consumed by one image also changes . Therefore , in the 
embodiment , an estimate of the amount of the toner con 
sumed by one dot is changed so as to correspond to the 
correction . Thus , it is possible to accurately acquire an 
amount of the toner consumed by one image . Here , in the 
third embodiment , portions having the same functions as 
those of the second embodiment will be denoted by the same 
symbols and their descriptions will be omitted . 
[ 0098 ] Here , FIG . 8 is a diagram showing the relationship 
between the optical density of a printed image and the image 
density signal in the third embodiment . In addition , FIG . 9 
is a diagram showing the relationship between an amount of 
the toner consumed by one image and the image density 
signal in the third embodiment . In the embodiment , an 
image is formed by the PWM in the image forming mode B 
like the second embodiment . Here , the relationship between 
the optical density of the image and the image density 
information is ideally preferably expressed as dashed lines 
shown in FIG . 8 . However , the optical density actually 
measured by the colorimeter is expressed as a solid line 
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shown in FIG . 8 . That is , the relationship between the optical 
density and the image density information is not expressed 
as a line . 
10099 ) . Therefore , in the embodiment , an amount of the 
toner consumed by one dot is corrected in order to obtain the 
relationship between the optical density and the image 
density information expressed as the dashed lines shown in 
FIG . 8 . By the correction , the relationship between the 
optical density and the image density information expressed 
as the dashed lines in FIG . 8 is obtained . Specifically , in the 
embodiment , patch images in which values of the image 
density signal are set at 25 % , 50 % , 75 % , and 100 % are 
printed in advance . Further , optical density of the patch 
images is measured by the colorimeter , and the amount of 
the toner consumed by one dot is corrected based on the 
measured optical density . 
[ 0100 ] However , when the amount of the toner consumed 
by one dot is corrected , an amount of the toner consumed by 
one image also changes . Here , in FIG . 9 , the relationship 
between the amount of the toner consumed by one image 
and the image density information is ideally preferably 
expressed as a solid line in FIG . 9 . However , the relationship 
between the amount of the toner consumed by one image 
and the image density information is actually expressed as 
dashed lines shown in FIG . 9 . Therefore , an estimate of the 
amount of the toner consumed by one dot is changed so as 
to correspond to the correction . Specifically , as shown in 
FIG . 11 , an estimate N of the amount of the toner consumed 
by one dot is each set so as to correspond to the image 
density information divided into four ranges . 
[ 0101 ] Further , in the embodiment , the correspondence 
shown in FIG . 11 is stored in the storage portion 200 such 
as a memory . Here , in the embodiment , a conversion for 
mula is stored in the storage portion 200 , and an estimate of 
the amount of the toner consumed by one dot is changed by 
the conversion formula so as to correspond to the correction . 
Thus , the correspondence shown in FIG . 11 is derived . In the 
embodiment , an amount of the toner consumed by one 
image is calculated using the correspondence shown in FIG . 
11 . Thus , it is possible to accurately acquire an amount of the 
toner consumed by one image . Note that the third embodi 
ment is the same as the second embodiment except that an 
estimate N of the amount of the toner consumed by one dot 
is changed . 
[ 0102 ] As described above , in this embodiment , it is 
possible to accurately acquire toner consumption while 
increasing image quality like the first embodiment . 
[ 0103 ] In addition , in this embodiment , based on a mea 
surement result of the colorimeter that measures the optical 
density ( OD value ) , an amount of the toner consumed by one 
dot is corrected such that optical density of an image printed 
on the recording material 12 becomes appropriate . 
[ 0104 ] 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 . 
[ 0105 ] This application claims the benefit of Japanese 
Patent Application No . 2016 - 030184 , filed on Feb . 19 , 2016 , 
which is hereby incorporated by reference herein in its 
entirety . 

What is claimed is : 
1 . An image forming apparatus comprising : 
an image bearing member on which an electrostatic image 

is formed ; and 
a developer bearing member that bears a developer to 

develop the electrostatic image formed on the image 
bearing member , 

wherein the image forming apparatus is capable of per 
forming 

a first image forming mode that performs image formation 
at a first peripheral speed ratio representing a ratio of a 
peripheral speed of the developer bearing member to a 
peripheral speed of the image bearing member and 

a second image forming mode that performs the image 
formation at a second peripheral speed ratio , which is 
different from the first peripheral speed ratio , 

wherein an amount of the developer consumed in the 
image formation is detected based on an estimate of an 
amount of the developer consumed by one pixel and the 
number of pixels at a part at which the developer is 
consumed , and 

wherein the estimate of the amount of the developer 
consumed by the one pixel in the first image forming 
mode is different from that in the second image forming 
mode . 

2 . The image forming apparatus according to claim 1 , 
wherein the second peripheral speed ratio is greater than the 
first peripheral speed ratio . 

3 . The image forming apparatus according to claim 1 , 
wherein the estimate of the amount of the developer 

consumed by the one pixel at the second peripheral 
speed ratio is greater than the estimate of the amount of 
the developer consumed by the one pixel at the first 
peripheral speed ratio . 

4 . The image forming apparatus according to claim 1 , 
wherein a drive source that drives the image bearing 
member is different from a drive source that drives the 
developer bearing member . 

5 . The image forming apparatus according to claim 1 , 
wherein the developer bearing member bears the devel 

oper inside a developing apparatus that develops the 
electrostatic image on the image bearing member , and 

wherein an amount of the developer consumed in an 
image forming operation is subtracted from an amount 
of the developer inside the developing apparatus before 
an image forming operation thereby to detect a residual 
amount of the developer inside the developing appa 
ratus after the image forming operation . 

6 . The image forming apparatus according to claim 1 , 
wherein in the second image forming mode , an amount of 

the developer supplied from the developer bearing 
member to the image bearing member is increased by 
making the peripheral speed of the image bearing 
member slower than the peripheral speed of the image 
bearing member in the first image forming mode to 
increase a difference in the peripheral speed between 
the image bearing member and the developer bearing 
member . 

7 . The image forming apparatus according to claim 1 , 
further comprising : 

an exposure member that exposes the image bearing 
member to form the electrostatic image on the image 
bearing member , 
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wherein , a PWM control for adjusting a gradation of a 
density of each one pixel is performed so as to change 
a time of exposing the image bearing member for each 
one pixel . 

8 . The image forming apparatus according to claim 7 , 
wherein , when the gradation of the density of each one 

pixel is adjusted by performing the PWM control , 
the estimate of the amount of the developer consumed is 

detected for each gradation of the density of each one 
pixel . 

9 . The image forming apparatus according to claim 8 , 
further comprising : 

a storage portion that stores information on the image 
forming apparatus , 

wherein the storage portion stores a correspondence 
between the estimate of the amount of the developer 
consumed by the one pixel and gradation of the density 
of the one pixel , and 

wherein , with respect to each one pixel , the estimate of the 
amount of the developer consumed is detected based on 
the correspondence . 

* * * * 


