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DESCRIPTION

IMAGE FORMING APPARATUS

Technical Field

The present invention generally relates to
an image forming apparatus, and more particularly
relates to an image forming apparatus which can
calculate and report the number of printable pages

based on the amount of remaining color material.

Background Art

One example of an image forming apparatus
is an inkjet recording apparatus. An inkjet
recording apparatus records information (prints
characters, prints photographs, forms images, and so
on) by spraying ink from recording heads onto a
medium (hereafter called a paper sheet, which is not
limited to a sheet of paper but also includes an OHP
sheet, a recording medium, recording paper, and the
like).

In general, such an image forming
apparatus is equipped with replaceable ink-
containing units called ink cartridges or ink tanks

for supplying 'ink to the recording heads, and is °
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configured to display a warning when an ink-
containing unit is low in ink or out of ink.

[Patent document 1] Japanese Patent
Application Publication No. 2003-370382

A host computer for managing the amounts
of remaining color materials in an image forming
apparatus is disclosed in patent document 1. The
host computer includes a remaining-ink-amount
calculation unit for calculating the amount of
remaining ink by subtracting the amount of consumed
ink in an ink tank of a recording head from the
amount of ink initially contained in the ink tank, a
remaining-ink-amount information retaining unit for
retaining remaining-ink-amount information on the
amount of remaining ink for each recording head
calculated by the remaining-ink-amount calculation
unit, and a remaining-ink-amount information output
unit for outputting for users the remaining-ink-
amount information retained in the remaining-ink-
amount information retaining unit.

[Patent document 2] Japanese Patent
Application Publication No. 2005-22146

A remaining-ink-amount detecting apparatus
is disclosed in patent document 2. The remaining-

ink-amount detecting apparatus is implemented in an
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inkjet recording apparatus having a carrier for
holding ink cartridges and detects the amounts of
remaining ink in the ink cartridges in the carrier
by using detecting elements on ink cartridges.

[Patent document 3] Japanese Patent
Application Publication No. 9-11490

An inkjet recording apparatus is disclosed
in patentﬂdocument 3. The inkjet recording apparatus
includes a counting unit for counting the number of
dots of print data loaded into a print buffer which
can at least contain an amount of print data for one
scan, a calculating unit for calculating the amount
of ink needed to print the print data (Z&) based on
the counted value, a calculating unit for
calculating the amount of ink consumed in print head
cleaning (B), a calculating unit for calculating the
amount of remaining ink in an ink-tank based on the
amounts of ink (A) and (B), a display unit for
displaying a message regarding the amount of
remaining ink, and a non-volatile memory apparatus
for storing the information on the amount of
remaining ink.

[Patent document 4] Japanese Patent
Application Publication No. 10-175312

-~ A remaining-ink-amount detecting apparatus
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is disclosed in patent document 4. The remaining-
ink-amount detecting apparatus detects the amount of
remaining ink based on the liquid level of ink in an
ink tank and reports, via a network, remaining-ink-
5 amount information which is represented by the
percentage of the amount of remaining ink in
proportion to the amount of ink when the ink tank is
full.
[Patent document 5] Japanese Patent
10 Application Publication No. 2003-107970
A printer controller is disclosed in
patent document 5. The printer controller includes a
pixel counting unit for counting the number of
pixels actually needed to print an image data on
15 recording paper by using foner or ink, a consumed
amount storing unit for storing the cumulative
amount of consumed toner/ink which has been used so
far to print image data, a processing unit for
updating the value of the cumulative amount of
20 consumed toner/ink in the consumed amount storing
unit by adding the number of pixels counted by the
pixel counting unit and the cumulative amount of
consumed toner/ink in the consumed amount storing
unit, and a remaining amount detecting unit for

25 calculating the amount of remaining toner/ink based
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on the cumulative amount of consumed toner/ink in
the consumed amount storing unit and the amount of
toner/ink initially provided.

As described above, in conventional image
forming apparatuses, the amount of remaining color
material in a tank or a cartridge is used to report
a situation where a tank is low in color material or
out of color material, to report the percentage of
the amount of remaining color material, or to report
the actual amount of remaining color material.

However, with the methods of detecting the
amounts of remaining color materials in such
conventional image forming apparatuses, a user can
know only the timing for replacing a color material
tank/cartridge and not know how many pages of a
document can be printed with the remaining color

materials beforehand.

Disclosure of Invention

The present invention provides an image
forming apparatus that substantially obviates one or
more problems caused by the limitations and
disadvantages of the related art.

To achieve these and other advantages in

accordance with an aspect of the present invention,
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an image forming apparatus includes a unit to
calculate the number of pages printable with
remaining color material based on statistical data
on the amount of consumed color material and the
number of printed pages and to report ?he calculated
number of pages printable with remaining color
material.

The image forming apparatus may preferably
include a unit to calculate the amount of remaining
color material and report the calculated amount.of
remaining color material together with the
calculated number of pages printable with remaining
color material. The calculated number of pages
printable with remaining color material may
preferably include at least two . of the following
information items: minimum number of printable pages,
average number of printable pages, and maximum
number of printable pages. The number of pages
printable with remaining color material may
preferably be calculated based on the average amount
of consumed color material or on the average amount
of consumed color material and a deviation from the
average amount of consumed color material. Also, the
image forming apparatus may preferably include a

unit to calculate and report the number of pages
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printable with remaining color material for each
user based on the statistical data for each user.

An image forming apparatus according to an
embodiment of the present invention is configured to
caiéulate the number of pages printabl?-with
remaining color material based on statistical data
on the amount of consumed color material and the
number of printed pages and to report the calculated
number of pages printable with remaining color
material. According to still another aspect of the
invention, an image forming apparatus is provided
enabling users to know the number of printable pages
before printing and improving convenience for the

users.

Brief Description of Drawings

FIG. 1 is a perspective view seen from the
front of an inkjet recording apparatus illustrating
an example of an image forming apparatus according
to‘the present invention;

FIG. 2 is a schematic elevational view
illustrating an exemplary'configuration of a
mechanical unit of the inkjet recording apparatus;

FIG. 3 is a plan view illustrating a

portion of the mechanical unit;
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FIG. 4 is a perspective view illustrating
an example of an ink cartridge for the inkjet
recording apparatus;

FIG. 5 is a block diagram outlining a

5 coﬁtrol unit for éontrolling the inkjey-recording
apparatus;

FIGs. 6A and 6B are examples of
statistical tables for use by the control unit;

FIGs. 7A and 7B are examples of

10 statistical tables for use by the control unit;

FIGs. 8A and 8B are tables used to
describe a method of updating statistical data:;

FIGs. 9A'and 9B are'tables used to
describe an example of updating statistical data:

15 FIG. 10 is a flowchart describing a
process of calculating and reporting amounts of
remaining color materials and number of printable
pages; and

FIG. 11 is a flowchart describing a

20 process of updating the statistical data.

Best Mode for Carrying Out the Invention
In the following, an embodiment of the
present invention is described in detail with

25 reference to the accompanying drawings.
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FIG. 1 is a perspective view seen from the
front of an inkjet recording apparatus which is an
example of an image forming apparatus according to
the present invention.

The inkjét recording apparatus includes an
apparatus body 1, a paper feed tray 2 attached to
the apparatus body 1 for storing paper sheets, and a
detachable paper catch tray 3 attached to the
apparatus body 1 for stacking paper sheets on which
images are recorded (formed). The inkjet printing
apparatus also includes a cartridge carrier 4 for
holding ink cartridges. The cartridge carrier 4 is
on the right side of the front face (to the right of
the paper feed tray 2 and the paper catch tray 3)
and protruding forward from the apparatus body 1. In
the illustrated embodiment, the position of the
cartridge carrier 4 is below the top face level of
the apparatus body 1. An operating/indicating unit 5
on tﬂe upper side of the cartridge carrier 4
includes operation buttons and indicators.

The cartridge carrier 4 holds ink
cartridges 10k, 10c, 10m, and 10y (collectively
called ink cartridges 10 for brevity and/or when
color distinction is not made) which are examples of

containing units which contain different color
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materials, for example recording liquids or inks.
The ink cartridges 10k, 10c, 10m, and 10y contain,
for example, black (K), cyan (C), magenta (M), and
yellow (Y) color material, respectively. In the
illustrated exemplary embodiment, the %nk cartridges
are inserted into the cartridge carrier 4 from the
front side of the apparatus body 1 toward its back
side. The cartridge carrier 4 has a front cover 6 (a
cartridge cover) which can be opened when the ink
cartridges 10 are inserted or removed. The ink
cartridges 10k, 10c, 10m, and 10y are inserted in an
upright position and arranged side by side.

The operating/indicating unit 5 includes
remaining-amount indicators 11k, 1lc, 11lm, and 1ly
each indicating that the ink-cartridge 10k, 10c, 10m,
or 10y is low in ink or out of ink. The positions of
the remaining-amount indicators 11k, 1lc¢, 11m, and
lly correspond as shown to those of the ink-
cartridges 10k, 10c, 10m, and 10y. The
operating/indicating unit 5 further includes a power
button 12, a paper feed/print-resume button 13, and
a cancel button 14.

Next, a mechanical unit of the inkjet
recording apparatus is described with reference to

FIGs. 2‘and 3. FIG. 2 is a schematic elevational -
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view illustrating an exemplary of the mechanical
unit. FIG. 3 is a plan view illustrating herein-
described parts of the mechanical unit.

A carriage 33 is supported by guiding
parts including a guide rod 31 and a s}ay 32 so as
to be able to slide in main-scanning directions. The
guiding parts are laid between sideboards 212 and
21B on the left and right sides of a frame 21. The
carriage 33 is movable for scanning by a main-
scanning motor (not shown) through a timing belt in
the directions of the arrows (main-scanning
directions).

The carriage 33 includes four liquid drop
spraying recording heads 34 for spraying yellow (Y),
cyan (C), magenta (M), and black (K) ink drops. The
liquid drop spraying heads include respective ink
spray nozzles. The liquid drop spraying heads are
positioned so that their ink spray nozzles form a
line that intersects with the main-scanning
directions and the ink spray nozzles face downward.

Each of the liquid drop spraying heads
comprising the recording heads 34 includes a
pressure—-generating unit for generating pressure
used to spray liquid drops. For such a pressure-

generating unit, a piezoelectric actuator such as a
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piezoelectric element, a thermal actuator using
phase changes resulting from liquid film boiling
caused by an electrothermal converting element such
as a heat element, a shape memory alloy actuator
using metal phase changes caused by. temperature
changes, or an electrostatic actuator using static
electricity may be used.

The recording heads 34 include a driver IC
connected via a harness 22 (a flexible print cable)
to a contreol unit (not shown).

The carriage 33 also includes a sub-tank
35 for each color to supply each color ink to each
recording head 34. Each color ink is supplied to its
corfesponding sub-tank 35 from its respective ink
cartridge 10 in the cartfidge carrier 4 through an
ink supply tube 36 for each color. The cartridge
carrier 4 includes a supply pump unit 24 for
carrying ink from the ink cartridges 10. The ink
supply tubes 36 are preferably fixed as shown by a
holding part 25 on a backboard 21C of the frame 21.

The mechanical unit also includes a paper
feeding unit for feeding paper sheets 42 stacked on
a paper stacking plate (a pressing plate) 41 in the
paper feed tray 2. The paper feeding unit includes é

crescent roller (a paper feed roller) 43 for
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separating the paper sheets 42 and feeding them one
by one, and a separating pad 44 which is facing the
crescent roller 43 and made of a material with a
high friction coefficient. The separating pad 44 is
biased toward the crescent roller 43.

The mechanical unit also includes a guide
45 for guiding a paper sheet 42 fed from the paper
feeding unit to a position under the recording heads
34, a counter roller 46, a conveying guide 47, a
pressing part 48 having a paper-edge pressing roller
49, and a conveying belt 51 that conveys and
electrostatically attracts the paper sheet 42 so
that the sheet faces the recording heads 34.

The conveying belt 51 is an endless belt
stretched between a conveying roller 52 and a
tension roller 53 and is configured to turn in the
belt conveying direction (sub-scanning direction). A
charging roller 56 charges the surface of the
conveying belt 51 and is positioned so as to contact
the surface of the conveying belt 51 and rotate
according to the rotation of the conveying belt 51.
A guide 57 is positioned under the conveying belt 51
so as to cover the printing area of the recording
heads 34.

The -conveying belt 51 is turned in the -
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belt conveying direction shown in FIG. 3 by the
conveying rollexr 52 which is rotated by a sub-
scanning motor (not shown) through a timing belt.

The mechanical unit further includes a
paper ejecting unit for ejecting the paper sheet 42
on which images are recorded by the recording heads
34. The paper ejecting unit includes a sheet
separating claw 61 for separating the paper sheet 42
from the conveying belt 51, a paper ejecting roller
62, and a paper ejecting roller 63. In the as-shown
embodiment, the paper catch tray 3 is positioned
under the paper ejecting roller 62.

A detachable duplex unit 71 is attached to
the back side of the apparatus body 1. The duplex
unit 71 takes in the paper sheet 42 which is
conveyed backward by the conveying belt 51 turning
in the opposite direction, reverses the paper sheet
42, and feeds the sheet again into the space between
the counter roller 46 and the conveying belt 51. The
upper face of the duplex unit 71 is used as a manual
paper feed tray 72.

Also, as shown in the exemplary embodiment
of FIG. 3, a print head maintenance/cleaning
mechanism 81 is positioned for example to the right

of the carriage 33, in a non-printing area. The
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print head maintenance/cleaning mechanism 81
maintains and cleans the nozzles of the recording
heads 34.

The print head maintenance/cleaning
mechanism 81 includes caps 82a, 82b, 82Q, and 82d
(collectively called caps 82 for brevi;y and/or when
distinction is not made) for covering the nozzle
surfaces of the recording heads 34, a wiper blade 83
for wiping the nozzle surfaces, and a waste-ink
receiver 84 for receiving ink drops used for purging
dried ink from the nozzles. The cap 82a is used for
suction and moisture retention and the caps 82b, 82c,
and 82d are used for moisture retention.

The ink used in the maintenance/cleaning
process by the print head maintenance/cleaning
mechanism 81, the ink ejected to the caps 82, the
ink removed from the wiper blade 83 by the wiper
cleaner 85, and the ink ejected to the waste-ink
receiver 84 are discharged into and contained in a
waste ink tank (not shown) .-

Further, as shown in the exemplary
embodiment of FIG. 3, a waste-ink receiver 88 for
receiving ink drops used for purging dried ink from
the nozzles during recording is positioned for

example to the left of the carriage 33, in the non-
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printing area. The waste-ink receiver 88 has
openings 89 along the length of a nozzle array of
the recording heads 34.
In the inkjet recording apparatus

5 configured as described above, paper sheets 42 are
fed one by one from the paper feed tray 2, the
separated paper sheet 42 is fed approximately
vertically upward and guided by the guide 45 into
the space between the conveying belt 51 and the

10 counter roller 46 so as to be conveyed further, the
fronf edge of the paper sheet 42 is guided by the
conveying guide 47 and pressed by the paper-edge
pressing roller 49 onto the conveying belt 51, and
then the direction wherein the paper sheet 42 is

15 conveyed is changed approximately 90 degrees.

At this stage, an AC bias supply unit in a
control unit described below applies alternating
voltages to the charging roller 56 by alternately
outputting plus and minus voltages. As a result,

20 positively and negatively charged strips with a
constant width are formed alternately along the
turning (or the sub-scanning) direction on the
surface of the conveying belt 51. When the paper
sheet 42 is conveyed onto the conveying belt 51 with

25 positively and negatively charged strips, the paper
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sheet 42 is attracted to the conveying belt 51 and
is conveyed in the sub-scanning direction as the
conveying belt 51 turns.
Then, the recording heads 34 are driven

5 and the carriage 33 is moved accordingﬂto image
signals to spray ink drops and record a line of
image on the paused paper sheet 42. The paper sheet
42 is conveyed a specified distance, and the next
line is recorded. When a recording completion signal

10 or a signal indicating that the rear edge of the
paper sheet 42 reaches the printing area is received,
the inkjet recording apparatus terminates the
printing and ejects the paper sheet 42 into the
paper catch tray 3.

15 When the inkjef recording apparatus is’
idle, the carriage 33 is moved into a position above
the print head maintenance/cleaning mechanism 81. In
the position, the recording heads 34 are covered by
the caps 82 to retain moisture of the nozzles and to

20 prevent nozzle clogging caused by dried ink. With
the recording heads 34 capped, the nozzles are
suctioned (called nozzle suction or head suction) by
a suction pump (not shown) to remove dried ink or
air bubbles. Also, before or during printing, ink is

25 sprayed in order to clean the nozzles. With the
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above measures, the spray performance of the
recording heads 34 is maintained.

Next, an example of an ink cartridge 10 is
described with reference to FIG. 4. The ink
cartridge 10 includes an ink bag 111 f;lled with ink
and a case 112 for housing the ink bag 111. The ink
bag 111 is removable. The case 112 includes and is
separable into a case number 1 112A and a case
number 2 112B, which protect the ink bag 111. In
other words, the case 112 has two parts, the case
number 1 112A and the case number 2 112B, having
faces parallel to the ink supply direction (ink
ejecting direction) for housing the ink bag 111.

The ink bag 111 includes an ink outlet 114
connectable to a supply ﬁeedle in the back of the
cartridge carrier 4 when the ink cartridge 10 is
inserted into the cartridge carrier 4 of the
apparatus body 1.

The ink cartridge 10 includes a non-
volatile memory (an EEPROM, for example) 115
positioned for example on the face of the case 112
where the ink outlet 114 is positioned (the back
face). The non-volatile memory 115 stores
information pertaining to the ink cartridge 10,

including ink :color, ink type, expiration date, and
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ID number. The non-volatile memory 115 is
electrically connected, when the ink cartridge 10 is
inserted into the cartridge carrier 4, to an
electrode of the apparatus body 1, which is
positioned in the back of the cartridg?,carrier 4.
The information stored in the non-volatile memory
115 is loaded into the control unit of the apparatus
body 1.

The control unit of this image forming
apparatus is outlined with reference to FIG. 5. FIG.
5 is a block diagram outlining the control unit.

The control unit 300 includes a main
control unit 301 and a print control unit 302. The
main control unit 301 includes a microprocessor for
controlling the overall operation of the image
forming apparatus, including the control related to
the number of printable pages according to an
embodiment of the present invention. The print
control unit 302 includes a microcomputer for
controlling printing.

More specifically, the main control unit
301 controls a main-scanning motor (not shown) and a
sub-scanning motor (not shown) through a main-
scanning motor driving circuit 303 and a sub-

scanning motor driving circuit 304 to form images on
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the paper sheets 42 according to information
including print data sent via a communication
circuit 101 from a host computer 400 including a
printer driver 401. The host computer 400 may be a
personal computer, for example. The main control
unit 301 also transmits the print data to the print
control unit 302.

The main control unit 301 receives a
detection signal from a carriage position detecting
circuit 305 for detecting a position of the carriage
33 and controls the next position and the movement
speed of the carriage 33 based on the received
signal. The carriage position detecting circuit 305
detects a position of the carriage 33, for example,
by reading and counting the number of slits on an
encoder sheet arranged in the scanning directions of
the carriage 33 using a photo sensor in the carriage
33. The main-scanning motor driving circuit 303
rotates the main-scanning motor according to
carriage movement distance signal received from the
main control unit 301 to move the carriage 33 to a
specified position at a specified speed.

The main control unit 301 receives a
detection signal from a conveyance distance

detecting circuit 306 for detecting a conveyance
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distance of the conveying belt 51, and controls the
conveyance distance and the movement speed of the
conveying belt 51 based on the detection signal. The
conveyance distance detecting circuit 306 detects
the conveyance disfapce, for example, by reading and
counting the number of slits on a rotation encoder
sheet on the rotating shaft of the conveying roller
52 using a photo sensor. The sub-scanning motor
driving circuit 304 rotates the sub-scanning motor
according to a conveyance distance received froﬁ the
main control unit 301 to rotate the conveying roller
52 so as to move the conveying belt 51 for a
specified distance at a specified speed.
| The main control unit 301 rotates the

paper feed roller 43 once by sending a paper feed
roller driving instruction to a paper feed roller
driving circuit 307. The main controllunit 301 moves
the caps 82 and the wiper blade 83 up/down by
rotating a motor (not shown) through a print-head-
maintenance/cleaning-mechanism driving-motor driving
circuit 308.

The main control unit 301 controls through
an ink supply motor driving circuit 311 an ink
supply motor (not shown) for driving the supply pump

unit 24 to supply ink to the sub-tanks 35 from the
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ink cartridges 10 in the cartridge carrier 4.

The main control unit 301 also receives a
detection signal from a sub-tank full sensor 312
indicating that the sub-tank 35 is full and a
detection signal frqm a cartridge cover. sensor 312
indicating the open/close status of the front cover
6 of the cartridge carrier 4.

The main control unit 301, through a
cartridge communication circuit 314, reads
information from non-volatile memories 115k, 115c,
115m, 115y (collectively called non-volatile
memories 115 for brevity and/or when no distinction
is made) on the ink cartridges 10 in the cartridge
carrier 4, performs processing, and then stores the
information in a non-volatile memory (an EEPROM, for
example) 315 of the main control unit 301.

To detect the remaining ink amount of an
ink cartridge 10, after each printing or each time
when ink is supplied from the ink cartridge 10 to
the sub-tank 35, the main control unit 301 reads old
remaining-ink-amount information currently stored in
the non-volatile memory 115 on the ink cartridge 10,
temporarily stores the information in the non-
volatile memory 315 of the main control unit 301,

calculates consumed ink amount based on a wvalue
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obtained by counting the number of ink drops sprayed
from the recording head 34, and writes new
remaining-ink-amount information obtained based on
the old remaining ink amount and the consumed ink
amount into the non-volatile memory 115. of the ink
cartridge 10. The main control unit 301 determines
that an ink cartridge 10 is low in ink or out of ink
by rgading the remaining-ink-amount information
stored in the non-volatile memory 115 on the ink
cartridge 10.

The print control unit 302 generates data
for driving a pressure-generating unit. Each
recording head 34 includes a pressure-generating
unit and uses it to spray ink drops. The print
control unit 302 generates data based on signals
from the main control unit 301, a carriage position
signal from the carriage position detecting circuit
305, and a conveyance distance signél from the
conveyance distance detecting circuit 306. The print
control unit 302 passes the data to a head driving
circuit 310.

The head driving circuit 310 drives the
pressure-generating units (piezoelectric elements,
for example) of the recording heads 34 according to

the print data generated by the print control unit
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302 to spray ink drops from the corresponding ink
spray nozzles.

Further, the main control unit 301 stores
statistical information (data) on the amount of
consumed ink and the number of printed pages in the
non-volatile memory 315. When information on the
number of printable pages is requested by the
printer driver 401 in the host computer 400, the
main control unit 301 calculates the number of pages
printable with remaining color materials based on
statistical data on the amounts of consumed color
materials and the number of printed pages, and
reports the calculated number of pages printable
with remaining color materials together with the
remaining-ink-amount information to the host
computer 400. When the above information is received
from the image forming apparatus, the printer‘driver
401 displays, for example, the number of printable
pages on a printer property dialog box of the host
computer 400. |

In the following, exemplary processes in
relation to the amount of remaining ink and the
number of printable pages are described in detail
with reference to FIGs. 6A, 6B, and later.

In the image forming apparatus,
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statistical information (data) on the amount of
remaining color material and the number of printed
pages is stored for each color in each table
{({hereafter called a statistical table) in the non-
5 volatile memory 315 of the main control.unit 301.

.Specific examples of the statistical
tables are described below with reference to FIGs.
6A, 6B, 7A, and 7B. FIG. 6A is a statistical table
for black; FIG. 6B is for cyan; FIG. 7A is for

10 magenta; and FIG. 7B is for yellow.

Each statistical table contains
information items including,. for each user, a user
identifier, the number of printed pages (accumulated
number of printed pages), the amount of consumed

15 color material per page (A), the amount of consumed
color material squared and divided by the number of
printed pages (B), and remaining color material
amount (F). The number of printable pagés is
calculated based on the number of printed pages and

20 the amount of consumed color material in the table.

More specifically, a standard deviation of
the amount of consumed color material per page (C)
is calculated by the following formula (1) based on
the aforementioned values (A) and (B). In the

25 formula, “*” denotes multiplication.
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C = SQRT (B-A*A) --- (1)

A minimum amount of consumed color
material per page (D) within the range of the
standard deviation is calculated by the following

5 formula (2):

D = A-C --- (2)

A maximum amount of consumed color
material per page (E) within the range of the
standard deviation is calculated by the following

10 formula (3):

E = A+C ---= (3)

An average number of pages (G), a maximum
number of pages (H), and a minimum number of pages
(I), which are printable with the remaining color

15 material amount (F), are calculated by the following

formulas (4), (5), and (6):

G =F/A --- (4)
H=F/D --- (5)
I =F/E --- (6)
20 An average number of pages (G), a maximum
number of pages (H), and a minimum number of pages

(I) are calculated for each color material. Among
the calculated values, the smallest wvalues for (G),
(BE), and (I) are reported to the host computer 400

25 as the average, maximum, and minimum numbers of
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printable pages.

In the examples shown in FIGs. 6A, 6B, 7A,
and 7B, for each user having a user identifier
“hanako” or “taro”, the number of printed pages, the
amount of consumed color material per page (A), and
the amount of consumed color material squared and
divided by the number of printed pages (B) are
stored. For “Total”, the total number of printed
pages, the amount of consumed color material per
page (A), and the amount of consumed color material
squared and divided by the total number of printed
pages (B) are stored.

As described above, by storing statistical
data for each user and reporting the number of pages
printable with remaining color materials to each
user, the image forming apparatus according to an
embodiment of the present invention enables each
user to know more accurately the number of printable
pages (the range and average number of pages) that
matches his/her way of using the image forming
apparatus.

Next, a method of updating statistical
data is described with reference to FIGs. 8A and 8B.

In FIG. 8A, the number of newly printed

pages is represented by N and the amount of consumed
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color material is represented by P. In the row for
the old (current) wvalues of the statistical table
shown in FIG. 8B, the number of printed pages is
represented by M, the amount of consumed color
material per page (A) is represented by.Am, and the
amount of consumed color material squared and
divided by the number of printed pages (B) is
represented by Bm. In the row for the new values,
the number of printed pages is calculated by a
formula “M+N”, (A) is calculated by a formula
“(M*Am+P)/ (M+N)”, and (B) is calculated by a formula
“ (M*Bm+P+P/N) / (M+N)”. The resulting values are
stored as current wvalues.

FIGs. 9A and 9B are tables used to
describe an example of updating statistical data.
FIG. 9A is an example for a user “taro” in which the
number of newly printed pages is 8 and the amount of
consumed material is 45. In FIG. 9B, statistical
data i1s updated based on the values in FIG. O9A.

Next; a process performed for example by
the control unit for calculéting and reporting the
amounts of remaining color materials and the number
of printable pages is described with reference to
FIG. 10.

Referring to FIG. 10, when information on
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the amounts of remaining color materials is
requested for example from the printer driver 401 in
the host computer 400, the control unit determines
whether the user corresponding to a user identifier
in the request has an entry in the statistical table
for each color material. When the user has an entry
in the statistical table, the control unit selects
the entry of the user for updating. When the user
has no entry in the statistical table, the control
unit selects the entry of “Total” for updating.

The control unit calculates the standard
deviation of the amount of consumed color material
per page (C) based on the amount of consumed color
material per page (A) and the amount of consumed
color material squared aﬁd divided by the number of
printed pages (B). Then, the control unit calculates
the minimum amount of consumed color material per
page (D) and the maximum amount of consumed color
material per page (E) based on values (A) and (C).
Further, the control unit calculates, based on the
remaining color material amount (F), the average
number of pages (G), the maximum number of pages (H),
and the minimum number of pages (I) which are
printable with the remaining color material.

In an exemplary embodiment, the control:
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unit determines whether the above calculations have
been performed for all color materials. If the
calculations have not been performed for all color
materials, the control unit performs the
caiéulations for the next color materia;, and so on.
After completing calculations for all color
materials, the control unit determines the smallest
values for (G), (H), and (I) among all the
calculated (G), (H), and (I) valﬁes, and uses those
values as the average, maximum, and minimum numbers
of printable pages.

The control unit reports the amounts of
remaining color materials and the average, maximum,
and minimum numbers of printable pages to the
printer driver 401 in thé host computer 400. The
printer driver 401 displays the amounts of remaining
color materials and the average, maximum, and
minimum numbers of printable pages, for example, on
a printer property dialog box.

As described above, an image forming
apparatus according to an embodiment of the present
invention is configured to calculate the number of
pages printable with remaining color materials based
on statistical data on the amounts of consumed coior

materials and the number of printed pages and to
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report the calculated number of pages printable with
remaining color materials, thereby enabling users to
know the number of printable pages before printing
and improving convenience for the users.

According to another aspect of the
invention, the image forming apparatus may include a
unit to report remaining amount information on the
amounts of rémaining color materials together with
the number of pages printable with remaining color
materials, thereby further improving convenience for
users. Also, the number of pages printable with
remaining color materials may include at least two
of the following information items: minimum number
of ﬁrintable pages, average number of printable
pages, and maximum number of printable pages,
thereby enabling users to know more detailed
information on the number of printable pages.

In the image forming apparatus, the number
of printable pages can be easily obtained by
calculating based on the average amounts of consumed
color materials. Also, or alternatively, a more
accurate number of printable pages can be obtained
by calculating based on the average amounts of
consumed color materials and the deviations from the

average amounts of consumed color materials.
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Although the amounts of consumed color materials ber
page on a printer may vary depending on user
document data or print settings, this variation is
minimized in a general office environment where
printers are used almost uniformly. Also, each
user’s consumption of color materials per page is
generally constant. Therefore, reasonably accurate
number of printable pages can be obtained by
calculating based on the average amounts of consumed
materials.

A process for updating statistical data
during printing according to an embodiment of the
invention is described below with reference to FIG.
11.

Referring to FIG. 11, when a print job is
submitted, the control unit determines whether the
user corresponding to a user identifier in the print
job has an entry in the statistical table for each
color. When the user has an entry in the statistical
table, the control unit selects the entry of the
user for updating. When the user has no entry in the
statistical table, the control unit adds an entry of
the new user to the table.

The control unit starts printing a page.

When printing the page is completed, the control -
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unit determines whether the printed page is the
first page of a new user. When the printed page is
the first page of a new user, the control unit
calculates the amount of consumed color material per
page (A) and the amount of consumed color material
squared and divided by the number of printed pages
(B) based on the amount of color material used for
printing the first page, and stores the calculated
values in the user’s entry. The control unit
calculates the values (A) and (B) for each color
material. When the printed page is a page of an
existing user, the control unit calculates the
values (A) and (B) for each color material and
updates values for the color materials.

Then, the control unit updates values (A)
and (B) in the entry of “Total” for each color
material.

The control unit repeats the above steps
of starting printing a page and later as shown in
the flowchart of FIG. 11 until all pages of the
print job are printed. When all pages are printed,
the process of updating statisﬁical data during
printing is terminated.

The control unit thus updateé the

statistical data on the amounts of consumed color-
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materials during printing. When information on the
amounts of remaining color materials is requested
for example from the host computer 400, the control
unit calculates and reports the amounts of remaining
color materials and the number of printable pages.

Although black, cyan, yellow, and magenta
inks are used in the above described embodiments for
descriptive purpose, other color inks such as dark
cyan, dark magenta, light cyan, light magenta, red,
blue, and green may also be used. Also, it will be
appreciated that the afore described embodiments can
be applied to an image forming apparatus using color
materials other than ink, such as toner for example.
Further, afore described embodiments can be applied
to an image forming apparatus using only one color
material.

The present invention is not limited to
the specifically disclosed embodiments, and
variations and modifications may be made without
departing from the scope of the present invention.

The present application is based on
Japanese Priority Application No. 2005-165965, filed
on June 6, 2005, the entire contents of which are

hereby incorporated herein by reference.
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CLAIMS

1. An image forming apparatus which forms
images by using a color material, comprising:

a unit configured to calculate a number of
pages printable with remaining color material based
on statistical data on amount of coﬁsumed color
material and a number of printed pages and to report
the calculated number of pages printable with

remaining color material.

2. The image forming apparatus as claimed
in claim 1, further comprising:

a unit configured to calculate amount of
the remaining color material and report‘the
calculated amount of remaining color material
together with the calculated number of pages

printable with remaining color material.

3. The image forming apparatus as claimed
in claim 1, wherein the calculated number of pages
printable with remaining color material includes at
least two of the following information items: a
minimum number of printable pages, an average number

of printable pages, and a maximum number of
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printable pages.

4. The image forming apparatus as claimed
in claim 1, wherein the number of pages printable
with remaining color material is calculated based on

average amount of consumed color material.

5. The image forming apparatus as claimed
in claim 1, wherein the number of pages printable
with remaining color material is calculated based on
average amount of consumed color material and a
deviation from the average amount of consumed color

material.

6. The image forming apparatus as claimed
in claim 1, further comprising:

a unit configured to calculate and report
the number of pages printable with remaining color
material for each user based on the statistical data

for each user.

7. An image forming method which forms
images by using a color material, comprising the
step of:

calculating a number of pages printable:-
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with remaining color material based on statistical
data on amount of consumed color material and a
number of printed pages and reporting the calculated
number of pages printable with remaining color

material.

8. The image forming method as claimed in
claim 7, further comprising the step of:

calculating amount of thé remaining color
material and reporting the calculated amount of
remaining color material fogether with the
calculated number of pages printable with remaining

color material.

9. The image forming method as claimed in
claim 7, wherein the calculated number of pages
printable with remaining color material includes at
least two of the following information items: a
minimum number of printable pages, an average number
of printable pages, and a maximum number of

printable pages.

10. The image forming method as claimed in
claim 7, wherein the number of pages printable with

remaining color material is calculated based on
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average amount of consumed color material.

11. The image forming method as claimed in
claim 7, wherein the number of pages printable with
remaining color material is calculated based on
average amount of consumed color material and a
deviation from the average amount of consumed color

material.

12. The image forming method as claimed in
claim 7, further comprising the step of:

calculating and reporting the number of
pages printable with remaining color material for
each user based on the statistical data for each

user.

13. An image forming apparatus which forms
images by using a color material, comprising:

means for calculating a number of pages
printable with remaining color material based on
statistical data on amount of consumed color
material and a number of printed pages and for
reporting the calculated number of pages printable

with remaining color material.
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14. The image forming apparatus as claimed
in claim 13, further comprising:

means for calculating amount of the
remaining color material and reporting the
calculated amounf of remaining color material
together with the calculated number of pages

printable with remaining color material.

15. The image forming apparatus as claimed
in claim 13, wherein the calculated number of pages
printable with remaining color material includes at
least two of the following information items: a
minimum number of printable pages, an average number
of printable pages, and a maximum number of

printable pages.

16. The image forming apparatus as claimed
in claim 13, wherein the number of pages printable
with remaining color material is calculated based on

average amount of consumed color material.

17. The image forming apparatus as claimed
in claim 13, wherein the number of pages printable
with remaining color material is calculated based on

average amount of consumed color material and a
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deviation from the average amount of consumed color

material.

18. The image forming apparatus as claimed
5 in.élaim 13, further comprising:
means for calculating and reporting the
number of pages printable with remaining color
material for each user based on the statistical data

for each user.



