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(54) Image forming apparatus

(57)  The image forming apparatus, to which a de-
veloping apparatus for developing a latent image on an
image bearing member corresponding to image infor-
mation is detachably attachable, includes, a first detec-
tion device (222) for detecting an amount of developer
in the developing apparatus; a second detection device
for detecting a utilized amount of the developer in the
developing apparatus based upon the image informa-
tion, and a processing unit (241) for judging a utilized
amount level of the developing apparatus based upon
results of detection of the first detection device and the

second detection device, wherein the processing unit
judges the utilized amount level of the developing appa-
ratus using the result of detection of the first detection
device (222) and the result of detection of the second
detection device until the result of detection of the first
detection device reaches a predetermined value, and
judges the utilized amount level of the developing appa-
ratus using the result of detection of the first detection
device after the result of detection of the first detection
device has reached the predetermined value. Conse-
quently, it becomes possible to detect the residual
amount of developer with high accuracy.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an image
forming apparatus for forming an image according to im-
age information sent from an external apparatus such
as a printer, and in particular to an image forming appa-
ratus which is required to inform a user of replacement
or supply of a consumable (developer) under a network
environment, a control method for the image forming ap-
paratus, a developing apparatus for the image forming
apparatus, and a memory medium mounted on the de-
veloping apparatus.

Related Background Art

[0002] A method of forming a colorimage in an image
forming apparatus as shown in FIG. 15 will be de-
scribed. First, latentimages, which are formed on a pho-
tosensitive drum 2 according to image information sent
for each color in an optical unit 9, are developed and
visualized with developers held in respective color de-
veloping apparatuses 151Y, 151M, 151C and 151K pro-
vided in a developing apparatus selection mechanism
part 150. The visualized images are transferred onto an
endless image bearing member 5 a plurality of times,
and a multi-color image is formed on the endless image
bearing member 5. Thereafter, a transfer material P se-
lected in and fed from transfer material holding mem-
bers (hereinafter referred to as sheet feed trays) 12 to
16 is conveyed to the part between the endless image
bearing member 5 and a transfer/conveyor belt 6, and
the multi-color image on the endless image bearing
member 5 is transferred onto the transfer material P. The
multi-color image transferred onto the transfer material
P is thermally fixed on the transfer material P by a fixing
unit 7. Thereafter, the transfer material P is conveyed
and discharged to an upper tray part 19 or a lower sheet
discharge tray part 20. Note that, in the case of mono-
chrome image formation, an image developer of a single
color is used to form a multiple image.

[0003] Next, a method of detecting a residual amount
of developer will be described in detail.

[0004] There have been disclosed several methods
of detecting a residual amount of developer to the
present.

[0005] For example, there are known a method of de-
tecting an electrostatic capacitance held by a developer
in a developing apparatus to use the electrostatic ca-
pacitance for detection of a residual amount, which has
already been generally used (e.g., Japanese Patent Ap-
plication Laid-Open No. 5-6092), a method of detecting
reflected light or transmitted light using an LED of infra-
red ray and an optical sensor for photoreception to use
the reflected light or the transmitted light for detection
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of a residual amount of developer according to intensity
of the detected photoreceptive intensity (e.g., Japanese
Patent Application Laid-Open No. 7-140776), and a
method of presuming a consumption amount of devel-
oper based upon image information at the time of image
formation to use the consumption amount for detection
of a residual amount (e.g., Japanese Patent Application
Laid-Open No. 2001-318566).

[0006] In addition, a method of detecting a residual
amount of developer using an optical system requires
an optical path without a developer, through which light
passes, in order to detect a residual amount of develop-
er. That is, since light is not transmitted until the devel-
oper is used and the residual amount of developer
reaches a level of a certain degree, it is difficult to detect
a change in the residual amount. Thus, it is extremely
difficult to sequentially detect a change in the residual
amount of developer from the time when the developer
is filled to a maximum degree until the time when the
developer is fully consumed. In addition, contrary to the
above-described method, a method of detecting a re-
sidual amount of developer of an antenna system for
detecting an electrostatic capacitance in a developing
apparatus can measure, with extremely high accuracy,
an amount of electrostatic change from the time when
a developer is filled to a maximum degree until the time
when the developer has been reduced to a fixed
amount. However, if the developer has been reduced to
less than the fixed amount, an electrostatic capacitance
is reduced to an extremely small amount. Thus, it is dif-
ficult to sequentially detect a change in the electrostatic
capacitance at the time when the residual amount of de-
veloper is small. There has also been proposed to use
both the above-described methods to compensate for
the respective disadvantages (e.g., Japanese Patent
Application Laid-Open No. 2001-228698). However, for
example, in an image forming apparatus having a de-
veloping apparatus holding member of a portable type
rather than a fixed developing apparatus, since an elec-
trostatic capacitance in the developing apparatus
changes largely in accordance with movement of the de-
veloping apparatus, the above-described effect cannot
be obtained sufficiently in some cases.

[0007] However, with the method of presuming a con-
sumption amount of developer based upon image infor-
mation at the time of image formation to use the con-
sumption amount for detection of residual amount, it is
difficult to perform optimum presumption of a consump-
tion amount of developer in the case in which consump-
tion efficiency of the developer is different largely be-
tween an initial state of animage forming unit and a state
after endurance due to image formation of the image
forming unit.

[0008] In addition, in the developing apparatus, con-
sumption efficiency of a developer, deterioration of elec-
tric characteristics of the developer in the developing ap-
paratus, and abrasion of a developer regulating member
or the like are different between the initial state of the
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image forming unit and the state after endurance due to
image formation of the image forming unit. Thus, it is
likely that deterioration of quality of an image, a trouble
such as leakage of the developer, or the like is caused.
Therefore, in order to prevent the above-described trou-
bles from occurring, in a multi-color image forming ap-
paratus, it is becoming necessary to detect a life of a
developing apparatus taking into account not only a re-
sidual amount of developer but also deterioration of the
developer and deterioration of a developer carrying
member.

SUMMARY OF THE INVENTION

[0009] The present invention has been devised in
view of the above-described points, and it is an object
of the present invention to provide an image forming ap-
paratus which is capable of detecting a residual amount
of developer with high accuracy, a control method for
the image forming apparatus, a developing apparatus
for the image forming apparatus, and a memory medium
mounted on the developing apparatus.

[0010] In addition, it is another object of the present
invention to provide an image forming apparatus which
is capable of detecting a utilized amount of a developing
apparatus from the start of use, a control method for the
image forming apparatus, a developing apparatus for
the image forming apparatus, and a memory medium
mounted on the developing apparatus.

[0011] Animage forming apparatus of the present in-
vention is an image forming apparatus to which a devel-
oping apparatus for developing a latent image on an im-
age bearing member corresponding to image informa-
tion is detachably attachable, comprising:

a first detection device for detecting an amount of
developer in the developing apparatus;

a second detection device for detecting a utilized
amount of the developer in the developing appara-
tus based upon the image information; and

a processing unit for judging a utilized amount level
of the developing apparatus based upon results of
detection of the first detection device and the sec-
ond detection device,

wherein the processing unit judges the utilized
amount level of the developing apparatus using the re-
sult of detection of the first detection device and the re-
sult of detection of the second detection device until the
result of detection of the first detection device reaches
a predetermined value, and judges the utilized amount
level of the developing apparatus using the result of de-
tection of the first detection device after the result of de-
tection of the first detection device has reached the pre-
determined value.
[0012] Another image forming apparatus of the
present invention is an image forming apparatus to
which a developing apparatus including a developer
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carrying (bearing) member for developing a latentimage
on an image bearing member is detachably attachable,
comprising:

a first detection device for detecting an amount of
developer in the developing apparatus;

a second detection device for detecting a utilized
amount of the developer carrying member; and

a processing unit for judging a utilized amount level
of the developing apparatus based upon results of
detection of the first detection device and the sec-
ond detection device,

wherein the processing unit judges the utilized
amount level of the developing apparatus based upon
the result of detection of the first detection device and
the result of detection of the second detection device
until the result of detection of the first detection device
reaches a predetermined value, and judges the utilized
amount level of the developing apparatus based upon
the result of detection of the first detection device after
the result of detection of the first detection device has
reached the predetermined value.
[0013] A control method for an image forming appa-
ratus of the present invention is a control method for an
image forming apparatus to which a developing appa-
ratus for developing a latent image on an image bearing
member corresponding to image information is detach-
ably attachable and which comprises a first detection
device for detecting an amount of developer in the de-
veloping apparatus, and a second detection device for
detecting a utilized amount of the developer in the de-
veloping apparatus based upon the image information,
the control method comprising:

a first judgment step of judging a utilized amount
level of the developing apparatus using a result of
detection of the first detection device and a result
of detection of the second detection device until the
result of detection of the first detection device
reaches a predetermined value; and

a second judgment step of judging the utilized
amount level of the developing apparatus using the
result of detection of the first detection device after
the result of detection of the first detection device
has reached the predetermined value.

[0014] Another control method for an image forming
apparatus of the present invention is a control method
for an image forming apparatus to which a developing
apparatus including a developer carrying member for
developing a latent image on an image bearing member
is detachably attachable and which comprises a first de-
tection device for detecting an amount of developer in
the developing apparatus, and a second detection de-
vice for detecting a utilized amount of the developer car-
rying member, the control method comprising:
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a first judgment step of judging a utilized amount
level of the developing apparatus based upon a re-
sult of detection of the first developing apparatus
and aresult of detection of the second detection de-
vice until the result of detection of the first detection
device reaches a predetermined value; and

a second judgment step of judging the utilized
amount level of the developing apparatus based up-
on the result of detection of the first detection device
after the result of detection of the first detection de-
vice has reached the predetermined value.

[0015] A developing apparatus of the present inven-
tion is a developing apparatus detachably attachable to
an image forming apparatus, comprising:

a developer container containing a developer;

a developer carrying member for developing a la-
tent image on an image bearing member;

a memory area storing information on an amount of
developer; and

a memory area storing information on a utilized
amount of the developer carrying member.

[0016] A memory medium of the present invention is
a memory medium which is mounted on a developing
apparatus detachably attachable to an image forming
apparatus,

wherein the developing apparatus comprises a
developer container containing a developer, and a de-
veloper carrying member for developing a latent image
on an image bearing member, and

the memory medium comprises:

a memory area storing information on an amount of
developer; and

a memory area storing information on a utilized
amount of the developer carrying member.

[0017] Further objects of the present invention will be
apparent by reading the following detailed description
of the present invention with reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a block diagram showing an example of a
structure of developer residual amount detection
means in accordance with the present invention;
FIG. 2 is a schematic sectional view showing a
schematic structure of an image forming apparatus
used in the present invention;

FIG. 3 is a schematic sectional view showing a
schematic structure of a developing apparatus
holding member in a first embodiment and a third
embodiment;
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FIG. 4 is a diagram showing an optical detection
waveform in the first embodiment and the third em-
bodiment;

FIG. 5 is a diagram showing a relation between a
light transmission time and a residual amount of de-
veloper in the first embodiment and the third em-
bodiment;

FIG. 6 is a flowchart showing a procedure of a de-
veloper detection method according to pixel count
in the first embodiment;

FIG. 7 is a diagram showing a relation between the
pixel count and the residual amount of developer in
the first embodiment;

FIG. 8Ais a diagram showing a residual amount lev-
el according to a result of detection in detection and
judgment of residual amount of developer in the first
embodiment;

FIG. 8B is a flowchart showing a procedure for re-
sidual amount detection and judgment in the detec-
tion and judgment of residual amount of developer
in the first embodiment;

FIG. 9Ais a diagram showing a residual amount lev-
el according to a result of detection in detection and
judgment of residual amount of developer in a sec-
ond embodiment;

FIG. 9B is a flowchart showing a procedure for re-
sidual amount detection and judgment in the detec-
tion and judgment of residual amount of developer
in the second embodiment;

FIG. 10 is a flowchart showing an example of a
method of calculating a life of a member in a devel-
oper device in the third embodiment;

FIG. 11 is a diagram showing a relation between a
rotation time of a developing sleeve roller serving
as the member of the developing apparatus and the
life in the third embodiment;

FIG. 12Ais a diagram showing a life level according
to a result of detection in developing apparatus life
detection and judgment in the third embodiment;
FIG. 12B is a flowchart showing a procedure for life
detection and judgment;

FIG. 13Ais a diagram showing a life level according
to a result of detection in developing apparatus life
detection and judgment in a fourth embodiment;
FIG. 13B is a flowchart showing a procedure for life
detection and judgment;

FIG. 14 is a block diagram showing an example of
structures of an image forming apparatus control
part and a ROM 210 in accordance with the present
invention;

FIG. 15 is a schematic sectional view showing a
schematic structure of an image forming apparatus
in a conventional example;

FIG. 16 is a diagram showing an adhesion state of
a developer in a text pattern and a graphic pattern;
and

FIG. 17 is a diagram showing how an amount of de-
veloper decreases in the case in which ten thou-
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sand sheets are printed only in the text pattern and
only in the graphic pattern.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Embodiments of an image forming apparatus,
a developing apparatus, and a control method for the
image forming apparatus in accordance with the present
invention will be hereinafter described. However, con-
stitutions described in the embodiments are simply ex-
amples and are not intended to limit the scope of the
present invention only to them.

(First embodiment)

[0020] First, FIG. 2 shows an example of a schematic
structure of an image forming apparatus used in the
present invention.

[0021] The image forming apparatus of this embodi-
ment adopts a reversal development system for adher-
ing a developer to an exposed part of an image bearing
member to visualize a latentimage on the image bearing
member, and is a one-component image forming appa-
ratus for bringing a developer carrying member carrying
a negatively charged developer into abutment against
the image bearing member to perform development.
First, the image forming apparatus used in the present
invention will be described with reference to FIG. 2.
[0022] The image forming apparatus includes, as
main components, a photosensitive drum 100, an opti-
cal unit 101, a charging roller 102, a primary transferring
roller 103, an intermediate transferring body tension roll-
er 104, an intermediate transferring body drive roller
105, an intermediate transferring body cleaning roller
107, a rotary developing apparatus holding member
150, rotary developing apparatus holding member drive
means 161, four developing apparatuses 15a to 15d, a
rotary developing apparatus reference position detec-
tion sensor 131 (hereinafter referred to as home position
sensor), a conveyor belt 121, a fixing unit 126, a sheet
feed tray 200, a hand supply sheet feed tray 124, a den-
sity/timing sensor 130, a secondary transferring roller
120, a sheetdischarge roller 162, a sheet discharge tray
125, and an upper sheet discharge tray 128.

[0023] Next, an outline of a process up to printing will
be described. First, the surface of the photosensitive
drum 100 is uniformly charged (e.g., 600 V) to a desired
polarity by the charging roller 102 arranged on the pho-
tosensitive drum 100. Next, an electrostatic latentimage
is formed on the photosensitive drum 100 by exposing
the photosensitive drum 100 with a laser L using the op-
tical unit 101 based upon image data which is sent from
a controller with an image synchronization signal as a
reference. As an example of a process for visualizing
an electrostatic latent image, an electrostatic latent im-
age formed on the photosensitive drum 100 by animage
forming unit 151a for yellow (Y) is developed with a de-
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veloper by applying a predetermined voltage (e.g., -300
V) to a developing sleeve roller 152 to form a visualized
developer image on the photosensitive drum 100.
[0024] Thereafter, the developer image on the photo-
sensitive drum 100 is transferred onto an intermediate
transferring body by the primary transferring roller 103
to hold the formed image.

[0025] Similarly, for colors of magenta (M), cyan (C)
and black (Bk), latent images corresponding to respec-
tive image data are sequentially formed on the photo-
sensitive drum 100 by developing apparatuses 151b to
151d for the respective colors and are developed with
sleeves and developers of the respective developing
apparatus to form developer images. The formed imag-
es are sequentially held on the intermediate transfer
body.

[0026] Since the developer images of the respective
colors are transferred onto the intermediate transferring
body at predetermined timing, a multiple developer im-
age is developed on the intermediate transferring body.
On the other hand, after the development with a last im-
age forming color ends, the secondary transferring roller
120 and the intermediate transferring body cleaning roll-
er 107 are brought into abutment against the intermedi-
ate transferring body drive roller 105 at predetermined
timing via the intermediate transferring body. After being
brought into abutment against the intermediate transfer-
ring body, high voltages are applied to the secondary
transferring roller 120 and the intermediate transferring
body cleaning roller 107 (e.g., a transfer high voltage (e.
g., +1000 V) of a polarity opposite to that of the devel-
oper (e.g., positive polarity) is applied to the secondary
transferring roller 120, and a voltage (e.g., +1000 V and
a rectangular wave voltage (e.g., 1 KHz, 2 KVpp)) of a
positive polarity is applied to the intermediate transfer-
ring body cleaning roller 107 in the same manner), and
for example, a voltage of the same polarity and the same
potential as the first transferring roller 103 is applied to
the intermediate transferring body drive roller 105 to wait
for conveyance of a transfer material.

[0027] Moreover, at predetermined timing separately
required for transferring the developer image, the trans-
fer material is extracted from the sheet feed tray 200 by
a sheet feed roller 125 or from the hand supply sheet
feed roller 124 by a sheet feed roller 123. The extracted
transfer material is once stopped by a registration roller
122 to wait for end of the image formation of the last
color on the intermediate transferring body.

[0028] Afterthe image formation of the last color ends,
the registration roller 122 starts conveyance of the trans-
fer material again at desired timing. The conveyed trans-
fer material is conveyed to the part between the second-
ary transferring roller 120 and the intermediate transfer-
ring body driven by the intermediate transferring body
drive roller 105, and the multi-color multiple developer
image on the intermediate transferring body is trans-
ferred onto the transfer material by a potential difference
between the bias applied to the intermediate transfer-
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ring body drive roller 105 and the bias applied to the
secondary transferring roller 120. Thereafter, the devel-
oper remaining on the intermediate transferring body af-
ter the transfer is removed or recharged by the interme-
diate transferring body cleaning roller 107, and is re-
turned to the photosensitive drum 100, and collected by
a blade which is in contact with the photosensitive drum
100. The residual developer collected by the blade is
stored in a waste developer area 108 by a not-shown
drive. In addition, the residual developer adhered to the
intermediate transferring body cleaning roller 107 is col-
lected by the photosensitive drum 100 later in a prede-
termined process separately.

[0029] After the transfer to the transfer material ends,
the intermediate transferring body cleaning roller 107
and the secondary transferring roller 102 keep a space
from the intermediate transferring body drive roller 105
and prepared for the next image formation.

[0030] Note thatthe surface of the cleaning photosen-
sitive drum 100 is uniformly charged to a desired polarity
again by the charging roller 102 and prepared for the
next latent image formation and development process.
In addition, the intermediate transferring body, from
which the residual developer has been removed, is
treated in the same manner.

[0031] On the other hand, the developer image trans-
ferred to the transfer material is fixed thereon from the
conveyor belt 121 to the fixing roller 126. The transfer
material having the developer image fixed thereon is
discharged to the upper sheet discharge tray 128 or the
lower sheet discharge tray 125.

[0032] In addition, the hand supply sheet feed tray
124 is opened and closed as required by a user, and the
tray itself can be expanded and contracted according to
a size of the transfer material. A sub-stay of the lower
sheet discharge tray 125 can be expanded and contract-
ed in the same manner. In addition, a not-shown stopper
guide of the upper sheet discharge tray 128 can be ex-
panded and contracted according to a size of the trans-
fer material. The density/timing sensor 130 is a sensor
for performing density control of the respective color de-
velopers at warm-up time in applying power supply to
the color image forming apparatus or at predetermined
timing. In addition, the timing is used as means which
detects a reference in reading a not-shown reference
position on the intermediate transferring body with re-
flective or transmission optical means and performing
image formation. Although a density sensor and a timing
sensor are described as one unit of the density/timing
sensor 130 in the present invention, these may be con-
stituted as separate units.

[0033] The above describes the outline of the printing
process in the color image forming apparatus used in
the present invention.

[0034] Next, FIG. 1 shows a block diagram which is
an example of a structure of developer residual amount
detection means of the embodiment in accordance with
the present invention.
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[0035] In FIG. 1, a residual developer amount detec-
tion device of this embodiment is adapted to be able to
sequentially detect a residual amount of developer dur-
ing a period in which an amount of developer in a de-
veloping apparatus changes from full to empty and de-
tect a utilized amount level of a developing apparatus
by using both of an optical developer residual amount
detection system and a detection device, which pre-
sumes a consumption amount of developer by counting
the number of pixels of developer image information
with which a CPU 241 performs image formation using
image forming information 230. Note that, in FIG. 1, one
of the four developing apparatuses 15a to 15d in FIG. 2
is shown for convenience's sake.

[0036] FIG. 3 shows the developer holding member
of the image forming apparatus used in this embodi-
ment.

[0037] As shown in FIG. 1, in the image forming ap-
paratus of this embodiment, the respective developing
apparatuses 151ato 151d are provided with light guides
207 and 208 consisting of transparent resin or glass. A
developer containing part 206 is arranged between
these light guides 207 and 208, and a developer 205 is
filled in the developer containing part 206. In addition,
transparent windows 203 and 204 for transmitting light
to the developer containing part 206 are provided in as-
sociation with the light guides 207 and 208. In detecting
a residual amount of developer with first detection
means, that is, optical detection means, the CPU 241
causes an LED 221 to emit light.

[0038] The light emitted from the LED 221 is caused
to be incident in the transparent window 203 via the light
guide 207, and the light transmitted through the devel-
oper containing part 206 is caused to be incident in the
light guide 208 via the transparent window 204. A signal
level corresponding to light-emission intensity of the
transmitted light is returned to the CPU 241 by an optical
sensor 222.

[0039] Here, the optical residual developer amount
detection device will be described in detail. The optical
residual developer amount detection device is operated
according to the above-described series of techniques
and, in order to judge a residual amount of developer,
judges an amount of transmission of light. That is, the
optical residual developer amount detection device de-
tects a residual amount of developer by monitoring a
transmission time of light caused to be incident in the
developing apparatus.

[0040] A relation between the detected transmitted
light and the time is shown in FIG. 4. In the case in which
a residual amount of developer is large, the light from
the LED 221 cannot be transmitted through the devel-
oping apparatuses 151a to 151d and interrupted by the
developer even if the developer is agitated by an agita-
tion bar 171. As a result, the light does not reach the
optical sensor 222. However, when the residual amount
of developer decreases, the light from the LED 221
gradually becomes able to be transmitted through the
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developing apparatuses 151a to 151d by agitating the
agitation bar 171. As a result, the light reaches the op-
tical sensor 222. The residual amount of developer is
measured by monitoring a transmission amount (trans-
mission time) of light transmitted through the developing
apparatuses 151a to 151d. The transmission amount
(transmission time) of light is judged according to a time
in which a pulse-like detection signal SNS is smaller
than a desired threshold value.

[0041] InFIG.4,thetransmission time of lightincreas-
es in the manner of A < B < (C+D). Therefore, the resid-
ual amount of developer decreases in this order. More-
over, after the detection signal SNS is inputted to an A/
D port of the CPU 241 in an image forming apparatus
control part 240 shown in FIG. 1, the CPU 241 measures
a period of time during which the inputted detection sig-
nal is equal to or smaller than a desired threshold value,
and stores the data in a RAM 243. Then, the CPU 241
compares the data with a table of residual amount of
developer measurement stored in the ROM 242 in ad-
vance to calculate the residual amount of developer.
[0042] FIG. 5 shows a relation between a light trans-
mission time and a residual amount of developer. In the
case in which the residual amount of developer is 50%
or more, since light is hardly transmitted, a change in
the residual amount of developer cannot be detected.
[0043] On the other hand, in the case in which the re-
sidual amount of developer is 25% or less, the detection
of residual amount of developer can be performed ac-
curately. If the light transmission time is within ranges of
Ta, Tb and Tc, respectively, the residual amount of de-
veloper is 25%, 15% and 0%, respectively. Note that the
developing apparatuses 151a to 151d are arranged in
the same position as the developing apparatus holding
member 150 rotates, and the residual amount of devel-
oper is sequentially measured in the same manner.
[0044] Next, a method of presuming a consumption
amount of developer at the time of image formation will
be described with reference to FIG. 6 and FIG. 7.
[0045] Since a consumption amount of developer in-
creases in proportion to the number of pixel counts, a
residual amount of developer decreases to the contrary.
Thus, since a fixed equation can be applied to the cal-
culation of the consumption amount of developer and
the calculation of the residual amount of developer, an
equation shown below is applied for presuming the con-
sumption amount of developer.

W = Wi - (PC X Wdot X Tk) (1)

where, PC is a pixel count value, W is a residual amount
of developer, Wi is an initial developer filled amount,
Wdot is a consumption amount of developer per one pix-
el, and Tk is transfer efficiency.

[0046] The consumption amount of developer is pre-
sumed from a value of the above equation, and detec-
tion of residual amount of developer is performed ac-
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cording to the estimated consumption amount.

[0047] Whenimage formation is started, the detection
of residual amount of developer is started (S600). When
the detection of residual amount of developer is started,
the CPU 241 in the image forming apparatus starts
counting of the number of pixels according to image in-
formation to be sent (S601). The CPU 241 calculates a
residual amount of developer using the above-de-
scribed expression (1) based upon the count value cal-
culated in the above-described pixel count (S602), and
compares the calculated residual amount of developer
with a desired reference value (S603). Then, the CPU
241 determines a residual amount of developer level
(S604).

[0048] FIG. 7 shows a relation between a pixel count
value and the residual amount of developer W.

[0049] The horizontal axis represents a pixel count
value PC. The residual amount of developer W decreas-
es linearly as the pixel count value PC increases. When
the residual amount of developer approaches a desired
threshold value, an indication of the residual amount of
developer is changed.

[0050] However, in a result of detection by the detec-
tion device for presuming the consumption amount of
developer, the linear inclination shown in FIG. 7 is not
always the same due to a change in transfer efficiency
T, or a consumption amount of developer Wy, under
each environment in the case in which image formation
is performed. Thus, it is possible that, in the latter half
of the linear diagram of FIG. 7, the residual amount of
consumption does not coincide with an actual consump-
tion amount.

[0051] For example, the consumption amount of de-
veloper differs depending upon whether an image is a
graphic pattern (solid image) or a text pattern. Due to
the difference of the consumption amount of developer
according to the patterns, a calculation error increase in
the latter half of a life. As a schematic view of a con-
sumption amount of toner, FIG. 16 shows an adhesion
state of the developer in the text pattern and the graphic
pattern. FIG. 16 indicates that the text pattern has more
consumption amount of developer (toner) per one dot.
FIG. 17 shows how a developer decreases in the case
in which ten thousand sheets are printed only in the text
pattern and only in the graphic pattern. From this figure,
forexample, itis seen that a calculation errorin a pattern
of the pixel count system is about +10% in the life of ten
thousand sheets of a process cartridge filled with a toner
of 500 g. That s, in a process cartridge containing more
amount of developer, in particular, in the case in which
many images of the graphic pattern are printed, even if
a total value of the pixel count is large, an actual con-
sumption amount of toner may be small. Thus, it is dif-
ficult to sequentially and accurately detect the residual
amount of developer only with the pixel count system.
[0052] Therefore, the above-described two detection
devices have advantages and disadvantages with re-
spect to the detection of residual amount of developer,
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respectively. However, the CPU 241 of the image form-
ing apparatus control part 240 determines a residual
amount of developer based upon a result of the residual
amount of developer detected by the respective detec-
tion device, and stores information on the residual
amount of developer in the ROM 210 provided in the
developing apparatuses 151a to 151d sequentially or at
desired timing.

[0053] FIG.8AandFIG. 8B are diagrams showing de-
tection and judgment of residual amount of developer
and show an example of indication of a residual amount
of developer and an example of selection of information
to be stored.

[0054] FIG. 8A is a table showing a residual amount
level of the residual amount of developer detected by
the respective detection means. In the table, percentage
representation indicates a residual amount of develop-
er. FIG. 8B is a flowchart showing a procedure for judg-
ing detection of residual amount of developer.

[0055] The CPU 241 in the image forming apparatus
control part 240 performs judgment of detection of re-
sidual amount of developer based upon the information
detected by the above-described two detection methods
(S801). A result of detection is substituted in a compar-
ison value M, that is, a residual amount level from the
optical detection device, and a comparison value N, that
is, aresidual amount level from the detection device pre-
suming a consumption amount of developer (S802). If
M is equal to B and N is equal to any one of A, B, C and
D in step 803 (S803), the CPU 241 adopts N as the re-
maining amount level (S806). If N is equal to any one of
E, F, G and H, the CPU 241 judges whether or not M is
equal to B in step 804 (S804). If M is equal to B, the CPU
241 adopts D as the residual amount level of developer
(S807). If the detection level of the optical detection de-
vice is B in step 804 (S804), that is, if the residual
amount of developer is larger than a specified residual
amount as a result of optical detection, a sequence
shifts. In a detection result of a presumption detection
device of the consumption amount of developer, due to
achange in the transfer efficiency Tk or the consumption
amount of developer Wdot under each environment, as
described above, in particular, in the case in which many
images of the graphic pattern are printed, since an error
occurs between a pixel count value and an actual con-
sumption amount of toner, the residual amount level of
developer is continued to be in the area of the predeter-
mined level D.

[0056] If M is not equal to B in step 804 (S804), M is
equal to any one of E, F, G and H in step 805 (S805),
and M is adopted as the residual amount level of devel-
oper (S808).

[0057] Thereafter, as a result of detection of the
above-described two detection devices, a judged con-
sumption amount level is stored in the ROM 210 serving
as a nonvolatile memory in the developing apparatuses
151a to 151d as information on the adopted residual
amount level of developer. Thus, even if a developing
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apparatus is replaced at any time, since a residual
amount of developer of the developing apparatus is
stored accurately according to the information of the
ROM 210 in the developing apparatuses 151a to 151d,
it becomes possible to cope with the replacement in any
way.

[0058] In addition, in this embodiment, a residual
amount level is indicated by alphabets. However, actu-
ally, the residual amount level is notified to a user with
residual amount indication (percentage) corresponding
to each alphabet.

[0059] As described above, according to this embod-
iment, since the two detection devices, namely, the op-
tical residual developer amount detection device and
the consumption amount of developer presumption de-
vice according to pixel count are provided, a result of
detection of the consumption amount of toner presump-
tion method according to pixel count is adopted when
the residual amount of developer is large, and a result
of detection by the optical residual developer amount
detection device is adopted when the residual amount
of developer is small. Consequently, the residual
amount of developer can be detected linearly and se-
quentially from 100% to 0%, and it becomes possible to
indicate an accurate residual amount of developer even
at the time when an amount of developer is small. There-
fore, it becomes possible to improve usability with re-
spect to replacement or the like of a developing appa-
ratus, which is a replacement part, as in the image form-
ing apparatus used in this embodiment.

[0060] Note that, although the residual amount level
of developer is indicated in eight stages in this embod-
iment, the present invention is not limited to this and the
residual amount level of developer may be indicated in
stages other than eight stages.

(Second embodiment)

[0061] Next, a second embodiment of the present in-
vention will be described with reference to FIG. 9A and
FIG. 9B. Note that, since a schematic structure of an
image forming apparatus in accordance with this em-
bodiment is the same as that of the image forming ap-
paratus described in the first embodiment, the descrip-
tion of FIG. 2 will be omitted. In addition, since the two
detection methods of a residual amount of developer is
the same as those in the first embodiment, the descrip-
tion of the detection methods will be omitted.

[0062] FIG. 9A and FIG. 9B show an example of indi-
cation of a residual amount of developer and an exam-
ple of selection of information to be stored.

[0063] FIG. 9A is a table showing a residual amount
level of the residual amount of developer detected by
the respective detection devices. In the table, percent-
age representation indicates a residual amount of de-
veloper. FIG. 9B is a flowchart showing a procedure for
judging detection of residual amount of developer. The
CPU 241 in the image forming apparatus control part
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240 performs judgment of detection of residual amount
of developer based upon the information detected by the
above-described two detection means (S901). In step
902 (S902), a result of detection is substituted in a com-
parison value M, that is, a residual amount level from
the optical detection device, and a comparison value N,
thatis, aresidual amount level from the detection device
presuming a consumption amount of developer. If N is
equal to any one of A, B and C in step 903 (S903), the
CPU 241 adopts N as the remaining amount level
(S906). If N is equal to D, the CPU 241 judges whether
or not M is equal to B in step 904 (S904). If M is equal
to B, the CPU 241 adopts C as the residual amount level
of developer (S907).

[0064] Ifthe detection level of the optical detection de-
vice is B in step 904 (S904), that is, if the residual
amount of developer is larger than a specified residual
amount as a result of optical detection, a sequence
shifts. In a detection result of a presumption detection
device of the consumption amount of developer, due to
achange in the transfer efficiency Tk or the consumption
amount of developer Wdot under each environment, as
described above, in particular, in the case in which many
images of the graphic pattern are printed, an error oc-
curs between a pixel count value and an actual con-
sumption amount of toner. Therefore, the residual
amount level of developer is continued to be in the area
of the predetermined level D.

[0065] If Mis notequal to B and N is not equal to D in
step 904 (S904), M is equal to D in step 905 (S905), and
M is adopted as the residual amount level of developer
in step 908 (S908).

[0066] Thereafter, as a result of detection of the
above-described two detection devices, a judged con-
sumption amount level is stored in the ROM 210 serving
as a nonvolatile memory in the developing apparatuses
15a to 15d as information on the adopted residual
amount level of developer. Thus, even if a developing
apparatus is replaced at any time, since a residual
amount of developer of the developing apparatus is
stored accurately according to the information of the
ROM 210 in the developing apparatuses 15a to 15d, it
becomes possible to cope with the replacement in any
way.

[0067] Note that data of the optical developer residual
amount detection means is fixed to B in the range of the
residual amount levels A to C because, unlike the first
embodiment in which the residual amount of developer
is measured since an initial stage, measurement by the
optical residual developer amount detection device is
not performed in the range of A to C. The optical residual
developer amount detection device does not start meas-
urement until the residual amount level has reached D
in the detection device of the consumption amount of
developer presumption method according to pixel
count. In addition, when the residual amount level has
reached D in the optical residual developer amount de-
tection device, the pixel count of the detection device of
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the consumption amount of developer presumption
method according to pixel count is stopped.

[0068] By selectively performing the developer resid-
ual amount detection as described above, load on the
CPU 241 can be reduced.

[0069] In addition, in this embodiment, a residual
amount level is indicated by alphabets. However, actu-
ally, the residual amount level is notified to a user with
residual amount indication (percentage) corresponding
to each alphabet.

[0070] As described above, according to this embod-
iment, since the two detection devices, namely, the op-
tical residual developer amount detection device and
the consumption amount of toner presumption device
according to pixel count are provided, the detection of
the residual amount of developer is selectively per-
formed according to a residual amount of developer in
that the detection of the consumption amount of toner
presumption method according to pixel count is per-
formed when the residual amount of developer is large,
and the detection by the optical residual developer
amount detection device is performed when the residual
amount of developer is small. Consequently, the resid-
ual amount of developer can be detected linearly and
sequentially from 100% to 0%, and it becomes possible
to indicate an accurate residual amount of developer
even at the time when an amount of developer is small.
Therefore, it becomes possible to improve usability with
respect to replacement or the like of a developing appa-
ratus, which is a replacement part, as in the image form-
ing apparatus used in this embodiment. Note that, al-
though the residual amount level of developer is indicat-
ed in eight stages in this embodiment, the present in-
vention is not limited to this and the residual amount lev-
el of developer may be indicated in stages other than
eight stages.

[0071] It is needless to mention that the same effect
can be obtained concerning an image forming appara-
tus to which this embodiment can be applied in condition
setting other than the combination of embodiments de-
scribed above.

[0072] In addition, it is needless to mention that the
same effect can be obtained concerning an image form-
ing apparatus to which this embodiment can be applied
in condition setting other than that used in the second
embodiment.

(Third embodiment)

[0073] A third embodiment is an embodiment in the
case in which utilized amount detection of a developer
carrying member of a developing apparatus is used in-
stead of the consumption amount of developer pre-
sumption of the pixel count method in the above-de-
scried first embodiment and second embodiment, and
the two detection devices, namely, the optical residual
developer amount detection device and the utilized
amount detection device for the developer carrying
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member, are combined to function. Since the optical re-
sidual developer amount detection device has a similar
structure, the description of the repeated parts will be
omitted depending upon how the part is modified in the
context.

[0074] In this third embodiment, both of the optical de-
tection method of residual amount of developer and an
apparatus which, when the CPU 241 drives a developer
carrying member (developing sleeve roller), detects a
utilized amount (rotation time) of the developer carrying
member are used, whereby a utilized amount of a de-
veloping apparatus can be detected sequentially. Note
that, in FIG. 1, one of the developing apparatuses 151a
to 151d in FIG. 2 is shown for convenience's sake.
[0075] Reference numeral 210 in FIG. 1 denotes a
memory tag which is constituted by a nonvolatile mem-
ory which stores information on a residual amount of de-
veloper detected by the residual developer amount de-
tection device, information on rotation of a developing
sleeve roller, and the like, and a communication control
part which controls data communication with the CPU
241 and reads information from and writing information
in the memory.

[0076] In a memory 300 in the memory tag 210, as
shown in FIG. 14, there are provided an area 300a for
storing developing roller rotation information on a rota-
tion time of a developing sleeve roller, an area 300b
which stores developer residual amount detection infor-
mation on a residual amount of developer detected by
the developer residual amount detection means, and an
area 300C which stores developing roller life conversion
coefficient information on a coefficient for converting a
rotation time of a developing sleeve roller described lat-
er. Besides, the memory 300 has an area for storing var-
ious kinds of utilized amount information on members
used in the image forming apparatus.

[0077] Next, a method of presuming a rotation time of
the developing sleeve roller at the time of image forma-
tion will be described with reference to FIG. 10 and FIG.
11.

[0078] FIG. 10 is a flowchart showing an example of
a method of utilized amount calculation of a developer
carrying member in the third embodiment, which shows
a series of procedures until a utilized amount of the de-
veloper carrying member is detected in presuming a ro-
tation time of the developing sleeve roller 152.

[0079] The developing sleeve roller 152 in the devel-
oping apparatus is controlled to be rotated by the CPU
(241 in FIG. 1) in the image forming apparatus, and a
rotation time thereof can be managed by the CPU. First,
rotation time measurement of the developing sleeve roll-
er 152 is started when a rotation command is issued by
the CPU (S1000). The rotation command is issued at
the time of image formation, agitation of the developer
in the developing apparatus, or the like. When the rota-
tion command is issued (S1000), roller drive is started
(S1001). A rotation time T during this roller drive is
measured with the number of rotations presumed in step
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1002 (S1002) as a reference. In a short time, when a
rotation stop command is issued by the CPU, the devel-
oping sleeveroller stops driving (S1003). Thereafter, the
CPU judges whether bias application control or bias
non-application control was performed when the rota-
tion command of the developing sleeve roller was is-
sued this time (S1004) and calculates a life converted
time (S1005, S1006). The rotation time T is multiplied
by 0.6 at the time when bias is not applied in step 1006
(S1006). This is because, since deterioration of the de-
veloper and abrasion of the developing sleeve roller at
the time when bias is not applied is lower than those at
the time when bias is applied by approximately 40%, 0.6
is used as a coefficient of time converted from utilized
amount with respect to the rotation time of the develop-
ing sleeve roller. However, this coefficient is not fixed at
0.6 of this embodiment but varies depending upon a ma-
terial of the developing roller, a nip pressure, a particle
diameter of the developer, or the like. Thus, naturally, a
coefficient other than the example indicated in the
present invention may be used.

[0080] The rotation drive time converted in step
S1005 and step S1006 is added up with the cumulative
total up to that point in step 1007 (S1007). A utilized
amount of the developer carrying member is determined
in step 1008 (S1008) based upon the added-up rotation
drive time.

[0081] Next, FIG. 11 shows a relation between a life
of the developing sleeve roller serving as the developer
carrying member and the rotation time.

[0082] Assuming that a residual life of the developer
carrying member in the case in which the developing
sleeve roller is not rotated in an initial state is 100%, the
life decreases in accordance with the rotation time of the
developing sleeve roller as shown in FIG. 11. In this em-
bodiment, this parameter is considered for judgment of
a utilized amount level of the developing apparatus.
[0083] A straight line illustrated at a position of 20%
in the latter half of a linear diagram of FIG. 11 indicates
a point when a first alarm is designated with respect to
the life of the developer carrying member in the present
invention.

[0084] Therefore, the CPU 241 of the image forming
apparatus control part 240 determines utilized amount
level of the developing apparatus based upon results of
residual amount detection of the developer and utilized
amount detection of the developer carrying member car-
ried out by the respective detection means, and stores
information on the utilized amount level of the develop-
ing apparatus in the memory tag 210 provided in the de-
veloping apparatuses 15a to 15d sequentially or at de-
sired timing.

[0085] FIG. 12A and FIG. 12B are diagrams showing
judgment of a utilized amount level of a developing ap-
paratus and show an example of indication of the utilized
amount level of the developing apparatus and an exam-
ple of selection of information to be stored.

[0086] FIG. 12Ais a table showing a residual amount
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level of a residual amount of developer and a utilized
amount at the number of rotations of the developing
sleeve roller detected by the respective detection devic-
es. Percentage indication in the table indicates the re-
sidual amount of the developer and the utilized amount
of the developer carrying member (developing sleeve
roller). FIG. 12B is a flowchart showing a procedure for
judging the utilized amount level of the developing ap-
paratus.

[0087] The CPU 241 in the image forming apparatus
control part 240 judges the utilized amount level of the
developing apparatus based upon information detected
by the two detection devices described above (S1201).
In step 1202 (S1202), a result of detection is substituted
in a comparison value M, that is, a residual amount level
from the optical detection device, and a comparison val-
ue N, that is, a utilized amount level of the utilized
amount detection device for the developer carrying
member. If M is equal to B and N is equal to any one of
A, B, CandD instep 1203 (S1203), the CPU 241 adopts
N as the utilized amount level of the developing appa-
ratus (S1206). If N is equal to any one of E, F, G and H,
the CPU 241 judges whether or not M is equal to B in
step 1204 (S1204). If M is equal to B, the CPU 241
adopts D as the utilized amount level of developing ap-
paratus (S1207).

[0088] The sequence shifts to step 1204 (S1204) or
the like. Thatis, the sequence shifts to S1204 in the case
in which the developing sleeve roller serving as the de-
veloper carrying member has rotated the number of
times equal to or more than the number of rotation level
despite the fact the residual amount of developer is large
when the result of detection of the utilized amount de-
tection device for the developer carrying member shows
that a large volume of sheets are printed in a print mode
for printing an image of a low printing ratio. In this case,
if the utilized ampunt level of the developing apparatus
is judged according to the number of rotations of the de-
veloping sleeve roller, the CPU 241 shows a state in
which the utilized amount level of the developing appa-
ratus is closed to a life (replacement period) level de-
spite the fact that the developer still remains sufficiently.
Thus, the utilized amount level of the developing appa-
ratus is maintained at D. Note that, as an example of the
case in which an image of a low printing ratio is printed,
this often occurs when an image with only one color
point in a text image (e.g., image such as an underline)
is mainly printed.

[0089] Note that, in the case in which the number of
rotations of the developer carrying member (developing
sleeve roller) has reached a predetermined level or
more in a state in which the residual amount level M of
the optical detection device is equal to B, that is, the
residual amount of developer is still sufficient, if the uti-
lized amount level of the developing apparatus is main-
tained at the predetermined level D, since the amount
of the developer is larger than the predetermined resid-
ual amount, deterioration of the developer is less even
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if the number of rotations of the sleeve roller is larger to
some extent, and problems such as the problem related
to a life due to the number of rotations does not occur.
[0090] The deterioration of the sleeve roller is caused
by increasing friction between the sleeve roller and a
developing blade, which is in contact with the sleeve,
due to adhesion of an externally added agent contained
in the toner on the sleeve roller. Even if the sleeve roller
is rotated in a state in which the amount of the developer
is larger than the predetermined residual amount, the
externally added agent hardly adheres to the sleeve roll-
er. When the developer is used and the amount of the
developer has become smaller than the predetermined
residual amount, the externally added agent adheres to
the sleeve roller in a large quantity. As a result, friction
with the developing blade increases to deteriorate the
sleeve roller.

[0091] If M is not equal to B in step 1204 (S1204), M
is equal toany one of E, F, Gand H in step 1205 (S1205),
and M is adopted as the utilized amount level of devel-
oper in step 1208 (S1208).

[0092] Thereafter, as information on the adopted uti-
lized amount level of the developing apparatus, devel-
oping sleeve roller rotation information, developer resid-
ual amount detecting information, and developing roller
life conversion coefficient information (see FIG. 14) are
stored in a memory in the memory tag 210 in the devel-
oping apparatuses 151a to 151d. Thus, even if a devel-
oping apparatus is replaced at any time, since the uti-
lized amount level of the developing apparatus is stored
accurately according to the information of the memory
in the memory tag 210 in the developing apparatuses
151a to 151d, it becomes possible to cope with the re-
placement in any way.

[0093] For example, even in the case in which the de-
veloping apparatus is removed and then mounted
again, since the above-described information is stored
in the memory in the memory tag 210 of the developing
apparatus, it becomes possible to grasp a state of the
developing apparatus accurately without wrong detec-
tion.

[0094] In addition, in this embodiment, a life level is
indicated by alphabets. However, actually, the life level
is notified to a user with life indication (percentage) cor-
responding to each alphabet.

[0095] As described above, according to this embod-
iment, since both the two detection devices, namely, the
optical residual developer amount detection device and
the utilized amount detection device for the developer
carrying member according to detection of developing
sleeve roller rotation time are used, a result of detection
of the utilized amount detection device for the developer
carrying member is adopted when the residual amount
of developer is large, and a result of detection by the
optical residual developer amount detection device is
adopted when the residual amount of developeris small.
Consequently, the utilized amount of the developing ap-
paratus can be detected linearly and sequentially from
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100% to 0%, and it becomes possible to indicate a uti-
lized amount level of the developing apparatus taking
into account an accurate residual amount even at the
time when an amount of developer is small. Therefore,
it becomes possible to improve usability with respect to
replacement or the like of a developing apparatus, which
is a replacement part, as in the image forming apparatus
used in this embodiment.

[0096] Note that, both the above-described two detec-
tion devices are used so as to prevent a life of a devel-
oping apparatus from being exceeded to cause damag-
es for a user such as an defective image or contamina-
tion in the apparatus due to problems which occur in the
case in which the residual amount of toner is extremely
small or problems due to developing sleeve roller rota-
tion exceeding a specified time, whereby accurate de-
tection of the life of the developing apparatus can be
performed.

[0097] Note that, although the utilized amount level of
developing apparatus is indicated in eight stages in this
embodiment, the present invention is not limited to this
and the utilized amount level of developing apparatus
may be indicated in stages other than eight stages.

(Fourth embodiment)

[0098] Next, a fourth embodiment of the present in-
vention will be described with reference to FIG. 13A and
FIG. 13B. Note that a schematic structure of an image
forming apparatus in accordance with this embodiment
is the same as the schematic structure of the image
forming apparatus described in the first embodiment,
the description of FIG. 2 will be omitted. In addition,
since the optical residual developer amount detection
device and the utilized amount detection device accord-
ing to rotation time detection of the developer carrying
member (developing sleeve roller) are the same as
those in the embodiment described above, the descrip-
tion of the devices will be omitted.

[0099] FIG. 13A and FIG. 13B are diagrams showing
judgment of a utilized amount of a developing apparatus
in the fourth embodiment and show an example of indi-
cation of the utilized amount of the developing appara-
tus and an example of selection of information to be
stored.

[0100] FIG. 13Ais a table showing a residual amount
level of developer and a utilized amount level of the de-
veloper carrying member which are detected by the re-
spective detection devices. Percentage indication in the
table indicates a utilized amount level of the developing
apparatus.

[0101] FIG. 13B is a flowchart showing a procedure
for judging the utilized amount level of the developing
apparatus. The CPU 241 in the image forming appara-
tus control part 240 judges the utilized amount level of
the developing apparatus based upon information de-
tected by the two detection devices described above
(S1301). In step 1302 (S1302), a result of detection is

10

15

20

25

30

35

40

45

50

55

12

substituted in a comparison value M, that is, a residual
amount level from the optical detection device, and a
comparison value N, that is, a utilized amount level of
the utilized amount detection device for the developer
carrying member. If N is equal to any one of A, Band C
in step 1303 (S1303), the CPU 241 adopts N as the uti-
lized amount level of the developing apparatus (S1306).
If N is equal to D, the CPU 241 judges whether or not M
is equal to B in step 1304 (S1304). If M is equal to B,
the CPU 241 adopts C as the utilized amount level of
developing apparatus (S1307).

[0102] The sequence shifts to step 1304 (S1304) or
the like. Thatis, the sequence shifts to S1304 in the case
in which the developing sleeve roller rotated the number
of times equal to or more than the number of rotation
level despite the fact the residual amount of developer
is large when the result of detection of the utilized
amount detection device for the developer carrying
member (developing sleeve roller) shows that a large
volume of sheets are printed in a print mode for printing
animage of alow printing ratio. In this case, if the utilized
amount level of the developing apparatus is judged ac-
cording to the number of rotations of the developing
sleeve roller, the CPU 241 shows a state in which the
utilized amount level of the developing apparatus is
closed to a life (replacement period) level despite the
fact that the developer still remains sufficiently. Thus,
the life (utilized amount) level of the developing appara-
tus is maintained at C. Note that, as an example of the
case in which an image of a low printing ratio is printed,
this often occurs when an image with only one color
point in a text image (e.g., image such as an underline)
is mainly printed.

[0103] IfMis notequalto B and N is not equal to D in
step 1304 (S1304), the residual amount level M is equal
to D in step 1305 (S1305), and M is adopted as the life
level of the developing apparatus in step 1308 (S1308).
[0104] Note that, in the case in which the number of
rotations of the developer carrying member (developing
sleeve roller) has reached a predetermined level or
more in a state in which the residual amount level M of
the optical detection device is equal to B, that is, the
residual amount of developer is still sufficient, if the uti-
lized amount level of the developing apparatus is main-
tained at the predetermined level C, since the amount
of the developer is larger than the predetermined resid-
ual amount, deterioration of the developer is less even
if the number of rotations of the sleeve roller is larger to
some extent, and problems such as the problem related
to a life due to the number of rotations does not occur.
[0105] The deterioration of the sleeve roller is caused
by increasing friction between the sleeve roller and a
developing blade, which is in contact with the sleeve,
due to adhesion of an externally added agent contained
in the toner on the sleeve roller. Even if the sleeve roller
is rotated in a state in which the amount of the developer
is larger than the predetermined residual amount, the
externally added agent hardly adheres to the sleeve roll-
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er. When the developer is used and the amount of the
developer has become smaller than the predetermined
residual amount, the externally added agent adheres to
the sleeve roller in a large quantity. As a result, friction
with the developing blade increases to deteriorate the
sleeve roller.

[0106] Thereafter, as information on the adopted uti-
lized amount level of the developing apparatus, devel-
oping sleeve roller rotation information, developer resid-
ual amount detecting information, and developing roller
life conversion coefficient information (see FIG. 14) are
stored in a memory in the memory tag 210 in the devel-
oping apparatuses 151a to 151d. Thus, even if a devel-
oping apparatus is replaced at any time, since informa-
tion on the utilized amount level of the developing ap-
paratus is stored accurately according to the information
of the memory in the memory tag 210 in the developing
apparatuses 151ato 151d, it becomes possible to cope
with the replacement in any way.

[0107] Note that data of the optical developer residual
amount detection means is fixed to B in the range of the
residual amount levels A to C because, unlike the third
embodiment in which the residual amount of developer
is measured since an initial stage, measurement by the
optical residual developer amount detection device is
not performed in the range of A to C. The optical residual
developer amount detection device does not start meas-
urement until the residual amount level has reached D
in the utilized amount level detection device of develop-
er carrying member. In addition, when the residual
amount level has reached D in the optical residual de-
veloper amount detection device, the measurement of
the number of rotations of the utilized amount level de-
tection device for the developer carrying member is
stopped.

[0108] By selectively performing the developer resid-
ual amount detection and the utilized amount detection
for the developer carrying member as described above,
load on the CPU 241 can be reduced.

[0109] In addition, in this embodiment, a life level is
indicated by alphabets. However, actually, the life level
is notified to a user with residual amount indication (per-
centage) corresponding to each alphabet.

[0110] As described above, according to this embod-
iment, since the two detection devices, namely, the op-
tical residual developer amount detection device and
the utilized amount level detection device for the devel-
oper carrying member are provided, a result of detection
of the utilized amount level detection method for the de-
veloper carrying member is adopted when the residual
amount of developer is large, and a result of detection
by the optical detection method of residual amount of
developer is adopted when the residual amount of de-
veloper is small to judge the utilized amount level of the
developing apparatus. Consequently, the life of the de-
veloping apparatus can be detected linearly and se-
quentially from 100% to 0%, and it becomes possible to
indicate an accurate utilized amount level of the devel-
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oping apparatus even at the time when an amount of
developeris small. Therefore, it becomes possible to im-
prove usability with respect to replacement or the like of
a developing apparatus, which is a replacement part, as
in the image forming apparatus used in this embodi-
ment.

[0111] In addition, both the above-described two de-
tection devices are used so as to prevent a life of a de-
veloping apparatus from being exceeded to cause dam-
ages for a user such as an defective image or contam-
ination in the apparatus due to problems which occur in
the case in which the residual amount of toner is ex-
tremely small or problems due to developing sleeve roll-
er rotation exceeding a specified time, whereby accu-
rate detection of the utilized amount of the developing
apparatus can be performed.

[0112] Note that, although the utilized amount level of
the developing apparatus is indicated in eight stages in
this embodiment, the present invention is not limited to
this and the utilized amount level of the developing ap-
paratus may be indicated in stages other than eight
stages.

[0113] In addition, it is needless to mention that the
same effect can be obtained concerning an image form-
ing apparatus to which this embodiment can be applied
in condition setting other than that used in combinations
of the above-described embodiments.

[0114] In addition, it is needless to mention that the
same effect can be obtained concerning an image form-
ing apparatus to which this embodiment can be applied
in condition setting other than that used in the fourth em-
bodiment.

[0115] Moreover, naturally, information to be stored in
the memory means provided in the respective develop-
ing apparatuses is not limited to the information de-
scribed above, and respective detection results may be
combined to be stored.

[0116] According to the first embodiment or the sec-
ond embodiment of the present invention, the residual
amount of developer can be detected linearly and se-
quentially from 100% to 0%, and it becomes possible to
indicate an accurate residual amount of developer even
at the time when an amount of developer is small.
[0117] In addition, according to the third embodiment
or the fourth embodiment of the present invention, the
utilized amount level of the developing apparatus can
be detected linearly and sequentially from 100% to 0%,
and it becomes possible to indicate an accurate utilized
amount level of the developing apparatus even at the
time when an amount of developer is small.

[0118] The present invention is not limited to the
above-described embodiments but can include modifi-
cations of the identical technical thought.

[0119] The image forming apparatus, to which a de-
veloping apparatus for developing a latent image on an
image bearing member corresponding to image infor-
mation is detachably attachable, includes, a first detec-
tion device for detecting an amount of developer in the
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developing apparatus; a second detection device for de-
tecting a utilized amount of the developer in the devel-
oping apparatus based upon the image information, and
a processing unit for judging a utilized amount level of
the developing apparatus based upon results of detec-
tion of the first detection device and the second detec-
tion device, wherein the processing unit judges the uti-
lized amount level of the developing apparatus using the
result of detection of the first detection device and the
result of detection of the second detection device until
the result of detection of the first detection device reach-
es a predetermined value, and judges the utilized
amount level of the developing apparatus using the re-
sult of detection of the first detection device after the
result of detection of the first detection device has
reached the predetermined value. Consequently, it be-
comes possible to detect the residual amount of devel-
oper with high accuracy.

Claims

1. Animage forming apparatus to which a developing
apparatus for developing a latent image on an im-
age bearing member corresponding to image infor-
mation is detachably attachable, comprising:

a first detection device for detecting an amount
of developer in said developing apparatus;

a second detection device for detecting a uti-
lized amount of the developer in said develop-
ing apparatus based upon the image informa-
tion; and

a processing unit for judging a utilized amount
level of said developing apparatus based upon
results of detection of said first detection device
and said second detection device,

wherein said processing unit judges the uti-
lized amount level of said developing apparatus us-
ing the result of detection of said first detection de-
vice and the result of detection of said second de-
tection device until the result of detection of said first
detection device reaches a predetermined value,
and judges the utilized amount level of said devel-
oping apparatus using the result of detection of said
first detection device after the result of detection of
said first detection device has reached the prede-
termined value.

2. Animage forming apparatus according to claim 1,
wherein said first detection device is an opti-
cal detection device of developer amount.

3. Animage forming apparatus according to claim 1,
wherein said developing apparatus has mem-

ory means for storing information on a result of de-
tection of said first detection device or a result of
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detection of said second detection device.

An image forming apparatus according to claim 3,

wherein said memory means is nonvolatile
memory means which is capable of communicating
with a main body of said image forming apparatus
in a contact state or in a non-contact state.

A control method for an image forming apparatus
to which a developing apparatus for developing a
latent image on an image bearing member corre-
sponding to image information is detachably attach-
able and which comprises a first detection device
for detecting an amount of developer in said devel-
oping apparatus, and a second detection device for
detecting a utilized amount of the developer in said
developing apparatus based upon the image infor-
mation, the control method comprising:

a first judgment step of judging a utilized
amount level of said developing apparatus us-
ing a result of detection of said first detection
device and a result of detection of said second
detection device until the result of detection of
said first detection device reaches a predeter-
mined value; and

a second judgment step of judging the utilized
amount level of said developing apparatus us-
ing the result of detection of said first detection
device after the result of detection of said first
detection device has reached the predeter-
mined.value.

An image forming apparatus to which a developing
apparatus including a developer carrying member
for developing a latent image on an image bearing
member is detachably attachable, comprising:

a first detection device for detecting an amount
of developer in said developing apparatus;

a second detection device for detecting a uti-
lized amount of said developer carrying mem-
ber; and

a processing unit for judging a utilized amount
level of said developing apparatus based upon
results of detection of said first detection device
and said second detection device,

wherein said processing unit judges the uti-
lized amount level of said developing apparatus
based upon the result of detection of said first de-
tection device and the result of detection of said
second detection device until the result of detection
of said first detection device reaches a predeter-
mined value, and judges the utilized amount level
of said developing apparatus based upon the result
of detection of said first detection device after the
result of detection of said first detection device has
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reached the predetermined value.

An image forming apparatus according to claim 6,
wherein said first detection device is an opti-
cal detection device of developer amount.

An image forming apparatus according to claim 7,

wherein said second detection device detects
an operation time of said developer carrying mem-
ber to judge the utilized amount of said developer
carrying member.

An image forming apparatus according to claim 6,
wherein said developing apparatus has mem-
ory means for storing information on a result of de-
tection of said first detection device or a result of
detection of said second detection device.

An image forming apparatus according to claim 9,

wherein said memory means is nonvolatile
memory means which is capable of communicating
with a main body of said image forming apparatus
in a contact state or in a non-contact state.

A control method for an image forming apparatus
to which a developing apparatus including a devel-
oper carrying member for developing a latentimage
on an image bearing member is detachably attach-
able and which comprises a first detection device
for detecting an amount of developer in the devel-
oping apparatus, and a second detection device for
detecting a utilized amount of the developer carry-
ing member, the control method comprising:

a first judgment step of judging a utilized
amount level of said developing apparatus
based upon a result of detection of said first de-
veloping apparatus and a result of detection of
said second detection device until the result of
detection of said first detection device reaches
a predetermined value; and

a second judgment step of judging the utilized
amount level of said developing apparatus
based upon the result of detection of said first
detection device after the result of detection of
said first detection device has reached the pre-
determined value.

A developing apparatus detachably attachable to
an image forming apparatus, comprising:

a developer container containing a developer;
a developer carrying member for developing a
latent image on an image bearing member;

a memory area storing information on an
amount of developer; and

a memory area storing information regarding a
utilized amount of said developer carrying
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member.

. A developing apparatus according to claim 12,

wherein said memory medium further com-
prises a memory area storing arithmetic operation
coefficient information for finding a utilized amount
of said developer carrying member.

A developing apparatus according to claim 12, fur-
ther comprising a detection device for detecting the
amount of developer.

A developing apparatus according to claim 14,
wherein said detection device is an optical de-
veloper residual amount detection device.

A memory medium which is mounted on a develop-
ing apparatus detachably attachable to an image
forming apparatus,

wherein said developing apparatus compris-
es a developer container containing a developer,
and a developer carrying member for developing a
latent image on an image bearing member, and

said memory medium comprises:

a memory area storing information on an
amount of developer; and

a memory area storing information regarding a
utilized amount of said developer carrying
member.

A memory medium according to claim 16, further
comprising a memory area storing arithmetic oper-
ation coefficient information for finding a utilized
amount of said developer carrying member.
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FIG. 6
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FIG. 10
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