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Description

Title of Invention: IMAGE PROCESSING APPARATUS, IMAGE

[0001]

[0002]

[0003]

[0004]

PROCESSING METHOD AND PROGRAM
Technical Field

The present invention relates to an image processing apparatus, an image processing
method and a program.
Background Art

As an image forming apparatus for color printing, there is known, for example, a
full-color copying machine. In regard to a plurality of output color components
composed of cyan (C), magenta (M), yellow (Y) and black (Bk), the full-color copying
machine sequentially forms images of the respective color components on a print
surface for printing. An image forming system of the full-color copying machine is an
electronic photography system by laser beams, for example. In the electronic pho-
tography system, a half tone expression is realized by controlling emission of laser
beams with a signal a pulse width of which is modulated in response to an image
signal. Incidentally in the image forming apparatus like the full-color copying
machine, density or gradation characteristics of an image to be formed possibly
changes due to a change of an environment where the image forming apparatus is
provided or a change with time of apparatus elements such as a photoreceptor or
developer. This possibly causes deterioration or instability of an image quality. A so-
called calibration is performed for preventing this. The calibration is to form a prede-
termined patch pattern, for example, on a photosensitive drum or print medium for
correcting density or gradation in the printing of image data of the apparatus based
upon the density read from the patch pattern. The print medium where the patch
pattern (patch-shaped pattern) is thus formed is also called "test print".

According to the conventional calibration, however, in the image forming apparatus,
it is not assumed to use a cartridge type toner supplying mechanism which does not
have a stirring mechanism as a toner supplying mechanism. Therefore, problematic
calibration is possibly carried out.

According to the cartridge type toner supplying mechanism which does not have the
stirring mechanism, upon continuously performing a print primarily using the toner at
the same position, the toner is biased and the toner can not be supplied for print region,
causing a partial toner-low state. A single toner remaining amount detecting sensor is
generally mounted on a cartridge due to restrictions by cost, but it can not cover de-
tections of state of toner state at all the positions of the print region. As a result, in a

case where the partial toner-low state occurs at a distance from the sensor, even the
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[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

toner-low can not be determined.
In addition, upon forming a patch pattern for calibration at a position where the

partial toner-low state thus occurs, formation of the patch pattern can not be performed
with stable density. Performing corrections by gamma correction data obtained by cal-
ibration using data of the patch pattern which is formed with such partially unstable
density for both of image data formed at the position where the partial toner-low state
occurs and image data formed at the position where the partial toner-low state does not
occur causes image deterioration. That is to say, when the calibration is performed in
this state, the gradation is not appropriately outputted even at a print position where the
toner sufficiently exists, so that the image quality is worse than before calibration.

As a system for preventing occurrence of an image defective due to toner bias, there
is a system in which a plurality of pairs of electrodes are arranged for detecting a
remaining amount of developers accommodated in a developer vessel and the toner is
stirred when the detected toner amount differs (Japanese Patent Laid-Open No.
2001-290356).

Citation List

Patent Literature
[PTL1]Japanese Patent Laid-Open No. 2001-290356
Summary of Invention

Technical Problem

However, in the conventional technology, the calibration problem which possibly
occurs in the partial toner-low state in the cartridge type toner supplying mechanism
can not be solved. This is because the toner bias can not be prevented in the cartridge
type toner supplying mechanism which does not have the toner stirring mechanism as
described above.

Therefore, an object of the present invention is to determine a partial toner-low state
at the time of performing calibration and appropriately process it.
Solution to Problem

In order to solve the above problem, an image processing apparatus according to the
present invention comprises output unit for outputting an image for detecting a partial
toner-low state to a print region, determining unit for determining the partial toner-low
state based upon a read result of the image outputted by the output unit, and control
unit for controlling execution of calibration adjusting a reproduction characteristic in
outputting an image using the toner, based upon a result of the determination by the de-
termining unit.
Advantageous Effects of Invention

According to the present invention, the execution of the calibration can be appro-
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[0012]

[0013]

[0014]

[0015]

[0016]

priately controlled in accordance with an occurrence situation of the partial toner-low
State.

Brief Description of Drawings

[fig.1]Fig. 1 is a diagram showing an outside appearance of an image processing
apparatus.

[fig.2]Fig. 2 is a block diagram showing a flow of an image signal in an image
processing unit 1008.

[fig.3]Fig. 3 is a block diagram showing a printer unit 110.

[fig.4]Fig. 4 is a block diagram showing an image processing unit 1008 for obtaining a
gradation image.

[fig.5]Fig. 5 is a flow chart showing an example of calibration control for a toner-low
State.

[fig.6]Fig. 6 is a diagram showing a display example of a display unit 218.

[fig.7]Fig. 7 is a diagram showing a display example of a display unit 218.

[fig.8]Fig. 8 is a diagram showing an example of a test pattern.

[fig.9]Fig. 9 is a diagram showing a display example of a display unit 218.
[fig.10]Fig. 10 is a diagram showing a display example of a display unit 218.
[fig.11]Fig. 11 is a diagram showing a display example of a display unit 218.
[fig.12]Fig. 12 is a flow chart of the processing for detecting a partial toner-low state.

[fig.13]Fig. 13 is a flow chart of the processing for detecting a partial toner-low state.

Description of Embodiments

Hereinafter, the best mode of carrying out the present invention will be explained
with reference to the drawings.

The present embodiment relates to an embodiment in which the present invention is
applied to a full-color copying machine, but an application of the present invention is
not limited to this embodiment.

<First Embodiment>

Fig. 1 is a diagram showing an outside appearance of an image processing apparatus
according to the present embodiment.

<Reader Unit 100>

An original 1001 put on an original plate glass 1002 of a reader unit 100 is il-
luminated by a light source 1003, and the reflected light from the original 1001
produces an image in a CCD sensor 1005 through an optical system 1004. The CCD
sensor 1005 is composed of a group of CCD line sensors of red, green and blue which
are arranged in three lines, and color component signals of red, green and blue are
produced for each line sensor. The read optical system unit moves in the direction of

the arrow shown in Fig. 1 and converts the image of the original 1001 into an electrical
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[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

signal for each line.

On the original plate glass 1002, there are a positioning member 1007 which abuts
against one section of the original 1001 to prevent a slant position of the original 1001
and a reference white plate 1006 which determines a white level of the CCD sensor
1005 to make a shading correction of the CCD sensor 1005.

An image signal obtained by the CCD sensor 1005 is image-processed by an image
processing unit 1008, which is sent to a printer unit 110 where the image-processed
image signal is processed in a printer control unit 1101.

Fig. 2 is a block diagram showing a flow of an image signal in the image processing
unit 1008.

As shown in Fig. 2, image signals outputted from the CCD sensor 1005 are inputted
to an analog signal processing circuit 201 in which a gain and an offset of the image
signal are adjusted. Thereafter, the image signals are converted into digital image
signals of R1, G1 and B1 having each color of 8 bits by an A/D converter 202. The
image signals of R1, G1 and B1 are inputted to a shading correction circuit 203, to
which a well-known shading correction is made using a read signal of the reference
white plate 1006 for each color.

A clock generation unit 211 generates clocks (CLK) per one pixel unit. In addition,
an address counter 212 counts CLK and generates and outputs a main scan address
signal for each line. A decoder 213 decodes the main scan address signal to generate
CCD drive signals of shift pulses, reset pulses and the like in a line unit, signals VE ex-
pressing an effective region among read signals corresponding to one line outputted by
the CCD sensor 1005 and line synchronization signals HSYNC. It should be noted that
the address counter 12 is cleared by HSYNC and starts with the counting of the main
scan address for the next line.

The respective line sensors of the CCD sensor 1005 are located to be spaced by a
predetermined distance from each other in the sub scan direction. Therefore, a spatial
shift in the sub scan direction is corrected by a line delay 204. Especially by line-
delaying a R signal and a G signal to a B signal in the sub scan direction, spatial
positions of the RGB signals are matched.

An input masking circuit 205 converts color spaces (read color spaces) of input
image signals determined based upon spectral characteristics of RGB filters of the
CCD sensor 1005 into predetermined color spaces (for example, reference color spaces

of sSRGB or NTSC) according to a matrix calculation of the following expression (1).
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[Math.1]

R4 all al2 al3|R3
G4 |=|a2l a22 a23|G3|----(1)
B4 a3l a32 a33| B3

[0025] A Log conversion circuit 206 includes a lookup table ROM and converts luminance
signals of R4, G4 and B4 into density signals of CO, MO and Y0. A line delay memory
207 delays image signals of CO, MO and YO by a line delay amount until determining
signals such as UCR, FILTER and SEN are generated and outputted from the image
signals of R4, G4 and B4, by a black character determining unit (not shown).

[0026] A masking UCR circuit 208 extracts a black signal Bk from three-primary color
signals of Y1, M1 and C1 inputted thereto. Further, the masking UCR circuit 208
performs a calculation of correcting color turbidity of a print color material of the
printer unit 110 and sequentially outputs an image signal of Y2, M2, C2 or Bk2 for
each read operation in a predetermined bit width (for example, 8 bits). A gamma
correction circuit 209 corrects the image signal in density to adjust to an ideal
gradation characteristic of the printer unit 110. In addition, an output filter 210
executes edge emphasis or smoothing processing to the image signal.

[0027]  The image signals of M4, C4, Y4 and Bk4 obtained by these processes are sent to the
printer control unit 1101, wherein the image signal is converted into a pulse signal a
pulse width of which is modulated, and density printing by the printer unit 110 is
carried out.

[0028]  In addition, CPU 214 performs control or image processing of the reader unit 100
according to programs stored in ROM 216 using RAM 215 as a work memory. An
operator inputs instructions or processing conditions to CPU 214 by an operation unit
217. A display unit 218 displays an operation condition of the image processing
apparatus and the set processing condition.

<Printer Unit 110>

[0029]  In Fig. 1, a surface of the photosensitive drum 1106 rotating in the direction of the
arrow is uniformly charged by a primary charger 1110. The printer control unit 1101
outputs a pulse signal in accordance with an image data inputted by a laser driver. A
laser light source 1102 outputs laser light in accordance with the pulse signal to be
inputted. The laser light is reflected by a polygon mirror 1103 and a mirror 1104 and
scans the charged surface of the photosensitive drum 1106. A static latent image is
formed on the surface of the photosensitive drum 1106 by the scanning of the laser
light.

[0030]  The static latent image formed on the surface of the photosensitive drum 1106 is
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[0031]

[0032]

[0033]
[0034]

[0035]

[0036]

[0037]

developed with toner for each color by a developer 1105. In the present embodiment,
one-component toner of a cartridge type with no stirring mechanism is used and de-
velopers for the respective colors are located around the photosensitive drum 1106 in
the order of black Bk, yellow Y, cyan C and magenta M from the upstream. The
developer in accordance with the image forming color comes close to the photo-
sensitive drum 1106 to develop the static latent image.

A print paper 1108 is wound around a transfer drum 1107 having one rotation for
each color component, and toner images of the respective colors are transferred and su-
perposed on the print paper 1108 by a sum of four rotations. When the transfer is
completed, the print paper 1108 is separated from the transfer drum 1107 and the toner
is fixed thereon by a pair of fixing rollers 1109 to complete a print of the image data in
full color.

In addition, a surface potential sensor 1114 is located around the photosensitive drum
1106 upstream of the developer 1105 (place where the laser light is provided) for
measuring a surface potential of the photosensitive drum 1106. Further, a cleaner 1111
is located around the photosensitive drum 1106 for cleaning the remaining toner,
which is not transferred, on the photosensitive drum 1106. In addition, a LED light
source 1112 and a photo diode 1113 are located around the photosensitive drum 1106
for detecting a reflection light amount of a toner patch formed on the photosensitive
drum 1106.

Fig. 3 is a block diagram showing the printer unit 110.

The printer control unit 1101 comprises CPU 304, ROM 306, RAM 308, a test
pattern memory unit 307, a density conversion circuit 311, LUT 301, a laser driver 303
and the like, and is capable of communicating with the reader unit 100 and a printer
engine 300. CPU 304 controls an operation of the printer unit 110 and also controls a
grid potential of the primary charger 1110 and development bias of the developer
1105.

The printer engine 300 comprises the photosensitive drum 1106, a photo sensor 310
composed of the LED light source 1112 and the photo diode 1113, the primary charger
1110, the laser light source 1102, the surface potential sensor 1114, the developer 1105
and the like, which are located around the photosensitive drum 1106. Further, the
printer engine 300 comprises an environment sensor 309 for measuring a water
component amount (or temperature and relative humidity) in the air in the apparatus.

<Image Processing Unit 1008>

Fig. 4 is a block diagram showing the image processing unit 1008 for obtaining a

gradation image.
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[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

A luminance signal of an image obtained by the CCD sensor 1005 is conv
erted into a density sighal in the image processing unit 1008. The co
nverted density signal has a characteristic which is corrected by LUT
(v LUT) 301 to be a signal in accordance with a gamma characteristic o
T a printer at initial setting, that is, so that density of an origina
1l image is equal to density of an output image.

The image signal the gradation characteristic of which is converted by LUT 301 is
converted into a pulse signal corresponding to a dot width by a pulse width modulation
(PWM) circuit 401 of the laser driver 303, which is sent to a LD driver 402 controlling
ON/OFF of the laser light source 1102. It should be noted that in the present em-
bodiment, a gradation reproduction method by pulse width modulation is used for all
the colors of Y, M, C and Bk.

Further, a static latent image the gradation of which is controlled with a change of a
dot area and having a predetermined gradation characteristic is formed on the photo-
sensitive drum 1106 by the scanning of the laser light outputted from the laser light
source 1102, and a gradation image is reproduced through the processes of the afore-
mentioned image development, transfer, and fixation.

<Calibration Control (First Control System) and Detection of Partial Toner-Low
State>

Next, there will be explained a first control system in regard to stability of an image
reproduction characteristic of a system including both of the reader unit 100 and the
printer unit 110 as image control in sequence different from usual image formation
(print) forming an image on a print paper. On this occasion, an explanation thereof will
be made with detection of a partial toner-low state which is the feature of the present
embodiment.

First, there will be explained a control system for calibrating the printer unit 110
using the reader unit 100.

Fig. 5 is a flow chart showing an example of the processing executed in the present
embodiment, which is realized in cooperation of CPU 214 for controlling the reader
unit 100 and CPU 304 for controlling the printer unit 110.

The operation unit 217 which has received an operation of pushing down a mode
setting button, for example, of "automatic gradation correction" provided in the
operation unit 217 starts the processing of Fig. 5. It should be noted that the display
unit 218 has a liquid crystal operation panel with a touch sensor (touch panel display)
as shown in Fig. 6 or Fig. 7.

<Explanation of Fig. 5>

First, an output start button 601 of a test pattern (image data for detecting a partial

toner-low state) shown in Fig. 6 appears on the display unit 218. At S501 of Fig. 5, the
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[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

operation unit 217 outputs a test pattern shown in Fig. 8 from the printer unit 110 by
receiving an operation of pushing down the output start button 601 of the test pattern.

Next, at S502, CPU 214 determines presence/absence of a print paper for forming the
test pattern. In a case where it is determined at S502 that the print paper is not present,
the process goes to S503, wherein CPU 214 displays a warning as shown in Fig. 7 on
the display unit 218. The image processing apparatus has a plurality of print paper
cassettes, and can select plural kinds of print paper sizes, for example, B4, A3, A4, BS
and the like.

In a case where it is determined at S502 that the print paper is present, the process
goes to S504.

It should be noted that the test pattern shown in Fig. 8 includes a band-shaped pattern
801 and a gradation pattern 802 for each toner kind (here, four colors of Y, M, C and
Bk). The sizes of these patterns are set to be within a read range of the CCD sensor
1005. In addition, the band-shaped pattern 801 is used for detecting a partial toner-low
state, and is set as a uniform pattern for basically outputting, not an intermediate
density region where the density is unstable, but a high-density region. This band-
shaped pattern is printed at least on an area covering an effective print region in the
main scan direction in image formation. The high density region is preferably the
maximum density which can be reproduced in the print unit, but in a case where
reduction of the toner is preferable, the density corresponding to the order of 70% of
the toner reproducing the maximum density is preferable. The density is, of course, not
limited to 70% as long as it is at least 50%.

At S504, a read button 901 shown in Fig. 9 appears on the display unit 218. The
operation unit 217 reads data from the test pattern put on the original plate by receiving
an operation of pushing down the read button 901.

At S505, CPU 214 determines whether or not the reading of the test pattern is
correctly made, based upon the data read at S504. In a case where at S505, CPU 214
determines that the correct reading is not made, for example, the inclination is large,
the process goes to S506, wherein a warning as shown in Fig. 10 is displayed on the
display unit 218.

In a case where at S505, CPU 214 determines that the correct reading is made, the
process goes to S507.

At S507, CPU 214 detects whether or not a partial toner-low state occurs in each
toner by using the read result of each band-shaped pattern 801. A detailed detection
method will be explained with reference to Fig. 12.

In a case where at S508 it is determined based upon the detection result of S507 that
the partial toner-low state occurs, the process goes to S509, wherein CPU 214 in-

terrupts the calibration processing and displays a warning as shown in Fig. 11 on the
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

display unit 218. It should be noted here that the partial toner-low state in the main
scan direction can be prevented without replacing a cartridge of Bk toner by a user
removing, shaking, and reloading a cartridge. To that end, the display of warning
messages may include information prompting the user to remove, shake, and reload a
cartridge. Here, Fig. 11 is shown on the basis of the determination that the partial
toner-low state occurs in Bk toner. In addition, in a case where it is determined at S508
that the partial toner-low state does not occur, the process goes to S510, wherein CPU
214 executes usual calibration processing. Further, CPU 214 creates (calibrates) and
sets a content of LUT 301 provided for each color of CMYK so as to make a
correction in such a manner that the obtained density information comes close to a pre-
determined target density (target reproduction characteristic).

It should be noted that since production of the calibration LUT can be made by using
the conventional technology, a detail explanation of the production of the calibration
LUT is here omitted.

<Explanation of Fig. 12>

Here, a detailed explanation of the processing for detecting the partial toner-low state
of S507 in Fig. 5 will be explained with reference to a flow chart shown in Fig. 12. It
should be noted that the processing of the flow chart in Fig. 12 is executed for each
toner kind (CMYK).

First, at S1301, CPU 214 obtains a read value V, in N locations (N > 1) on the band-
shaped pattern 801 in Fig. 8. At S1302, CPU 214 finds a standard deviation S of the
read value in the main scan direction from the N pieces of V, obtained at S1301 as
below. Here, the N pieces exist at positions which are uniformly distributed over the
whole band-shaped pattern. Of course, the N pieces may not exist at positions which
are uniformly distributed over the whole band-shaped pattern in a rigorous manner and
the N pieces may exist at positions which are distributed over the whole band-shaped
pattern in the main scan direction.

First, CPU 214 finds an average value avg (V) of V, according to the following ex-

pression (2).

[Math.2]
N-1 V
n=0

Next, CPU 214 finds dispersion o according to the following expressio
n (3).
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N-1
2
(V, —arg(V))
2 n=0
G* = . (3)
N

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

Next, CPU 214 finds a standard deviation S according to the following expression

4).
[Math.4]

S:\/G_Z....(zl)

At S1303, CPU 214 determines whether or not the standard deviation (S)
> Threl. Here, Threl is a predetermined value. In a case where it i
s determined at S1303 that the standard deviation (S) > Threl, the pro
cess goes to S1305. In this case, the read values of the band-shaped
pattern which should be originally uniform have large variations. Tha
t is, the partial toner-low state possibly occurs somewhere in the ton
er. At S1305, CPU 214 interrupts the calibration processing. [t shou
1ld be noted that at S1305, the calibration processing only to the tone
r in which the read values of the band-shaped pattern have large varia
tions may be interrupted.

In a case where it is determined at 51303 that the standard deviation
(S) < Threl, the process goes to S1304. In this case, since the read
values of the band-shaped pattern have small variations, the partial t
oner—low state does not occur in the toner. At S1304, CPU 214 execute
s usual calibration processing.

In the above embodiment, there is explained an example of calibration where the
gradation test pattern of a single color of C, M, Y or Bk is formed to correct a
gradation density characteristic in regard to each single color to a target reproduction
characteristic. However, not the gradation test pattern of the single color, but a test
pattern in which C, M, Y and Bk are mixed may be formed, which is applied to cal-
ibration for adjusting a color reproduction characteristic of the mixed color. It should
be noted that in this case, the masking UCR circuit is changed to 3D (multi-dimension)
LUT for performing direct mapping, and values corresponding to grid points of 3D
(multi-dimension) LUT are targets adjusted by calibration.

<Second Embodiment>

In the explanation of the following second embodiment, only points thereof different
from the first embodiment will be explained.

Here, as to a point thereof different from the first embodiment, even in a case where

the partial toner-low state occurs, if the occurrence position is away from the gradation
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[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

pattern 802, usual calibration processing continues to be executed as it is.

The explanation will be made with reference to a flow chart shown in Fig. 13. It
should be noted that in the processing of the flow chart in Fig. 13, the processing is
executed for each toner kind.

<Explanation of Fig. 13>

At S1400, CPU 214 obtains a read value V, in N locations (N > 1) on th
e band-shaped pattern 801 in Fig. 8.

Next, at $1401, CPU 214 finds an average value avg (V) of the read value in the

main scan direction from N pieces of V, obtained at S1401 and the standard deviation
S according to the expressions (2) and (3).
At S1402, CPU 214 determines whether or not the average value < Thre2
and the standard deviation < Thred. 1In a case where it is determined
at S1402 that the average value £ Thre2 and the standard deviation < T
hre3, the process goes to S1304. In this case, since the average valu
e < Thre? (average value is relatively lower than expected) and the st
andard deviation £ Thre3 ( density variation in the main scan directio
n is small), the toner is in an entire toner—low state.

On the other hand, in a case where CPU 214 determines at S1402 that it
is not established that the average value < Thre2 and the standard de
viation < Thre3, the process goes to S1303.

It should be noted that the determination that the toner is in the entire toner-low state
may be made by sensor information of a toner remaining amount detecting sensor (not
shown) having a cartridge of the toner.

In addition, at S1304 CPU 214 executes usual calibration processing. Here, since the
toner is in the entire toner-low state, CPU 214 may interrupt the calibration processing.
At S1303, CPU 214 determines whether or not the standard deviation (S)

> Threl. 1In a case where it is determined at S1303 that the standard

deviation (S) > Threl, the process goes to S1403. 1In this case, the
density variation in the main scan direction is large and the partial
toner—low state possibly occurs in the toner. 1In a case where it is d
etermined at S$1303 that the standard deviation (8) < Threl, the proces
s goes to 51304,

At S1403, CPU 214 specifies an occurrence position of the partial toner-low state.
For example, CPU 214 may compare the average value avg (V) with V, and specify a
location where the variation close to the standard deviation occurs, as the occurrence
position of the partial toner-low state.

At S1404, CPU 214 analyses the occurrence position of the partial toner-low state
specified at S1403. Especially the occurrence position of the partial toner-low state

specified at S1403 is compared with a position where the gradation pattern 802 is
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formed. In addition, CPU 214 analyses whether or not the occurrence position of the
partial toner-low state specified at S1403 is close to the gradation pattern 802 in the
main scan direction.

Next, at $1405 CPU 214 determines whether or not the position of the partial toner-
low state is close to the position where the gradation pattern 802 is formed, based upon
the analysis performed at S1404. In a case where at S1405 it is determined that the
position of the partial toner-low state is close to the position where the gradation
pattern 802 is formed, the process goes to S1305. At S1305, CPU 214 interrupts the
calibration processing. On the other hand, in a case where at S1405 it is determined
that the position of the partial toner-low state is not close to the position where the
gradation pattern 802 is formed, the process goes to S1304. At S1304, CPU 214
executes usual calibration processing.

When determined that the position of partial toner-low state is the left end of the Bk
band-shaped pattern 801, for example, it may be determined that partial toner-low is
not occurred in a main scan position where Bk gradation pattern 802 is formed. In this
case, the formed Bk gradation pattern adequately shows the reproduction characteristic
of the Bk printer unit 110, and thus usual calibration processing can be executed.

On the other hand, when determined, for example, that the position of partial toner-
low state is the right end of the Bk band-shaped pattern 801, it may be determined that
the partial toner-low is occurred in a main scan position where Bk gradation pattern
802 is formed. If, at the same time, determined that partial toner-low is not occurred at
the left end of the band-shaped pattern 801 for Bk and that partial toner-low of C is not
occurred at least in the band-shaped pattern 801 for C, then the test pattern which
replaced the forming position on the test pattern of the gradation pattern 802 for Bk
and the forming position on the test pattern of the gradation pattern 802 for C is
preferably printed by the printer unit. As a result, formation of a test pattern can be
performed that forms a gradation pattern at a position where toner-low is not occurred
for both Bk and C and therefore allows formation of a reliable gradation pattern.

As described above, when a position of partial toner-low in a band-shaped pattern of
a certain color is superposed on a position of the gradation pattern of the color in the
main scan direction and when partial toner-low is not occurred in a band-shaped
pattern of another color, the test pattern is re-formed by replacing the position of the
gradation pattern of the certain color and the forming position of the band-shaped
pattern of the another color, thereby allowing continuous execution of calibration.

<Third Embodiment>

In the explanation of the following third embodiment, only points thereof different
from the first embodiment and the second embodiment will be explained.

<Calibration Control (Second Control System) and Detection of Partial Toner-Low
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[0082]  There will be explained a second control system in regard to stability of an image re-
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[0084]
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[0086]

[0087]

[0088]

[0089]

production characteristic of the printer unit 110 alone, which is image control
performed in the middle of usual image formation.

The second control system forms a patch of each of colors of Y, M, C a
nd Bk on the photosensitive drum 1106, and reads reflection light of t
he patch using the LED light source 1112 and the photo diode 1113, whi
ch will be converted into density information. 1In addition, LUT 301 ¢
v LUT) is corrected by using the density information of the patch to s
tabilize the image reproduction characteristic.

It should be noted that in the embodiment, the photosensitive drum having a relative
large bore diameter is used. Further, for accurately and efficiently obtaining the density
information, patches of the same color are formed at positions in point symmetry to the
center of the photosensitive drum 1106 in consideration of eccentricity of the photo-
sensitive drum 1106, and the density information is found by averaging a plurality of
values obtained by measuring these patches.

In addition, the second control system is provided with control which forms a patch
in a non-image region in the middle of the usual image formation and detects the
density to correct table data of LUT 301 as needed. Since a region on the photo-
sensitive drum 1106 corresponding to a gap portion between print papers wound
around the transfer drum 1107 corresponds to the non-image region, the patch is
formed in that region.

Next, detection of the partial toner-low state which is the feature of the present em-
bodiment in the second control system will be explained.

In the second control system, patches of the same color are, as described above,
formed in positions in point symmetry to the center of the photosensitive drum 1106.
When the density values are compared from the read values of these patches and are
largely different from each other (the density values are different from each other by
over predetermined threshold value T), it is determined that the partial toner-low state
occurs. It should be noted that the patch to be compared is a patch outputting, not an
intermediate density region which is basically unstable, but a high density region.

<Fourth Embodiment>

In the explanation of the following fourth embodiment, only points thereof different
from the third embodiment will be explained.

In a case where in the third embodiment, the main scan positions between patches to
be compared are very away from each other, there is the possibility that both of the
patches are in the partial toner-low state. In this case, since the density difference does

not occur largely, it results in being incapable of detecting the partial toner-low state.
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Therefore, at least one patch is outputted in a position where the toner remaining
amount detecting sensor with a cartridge (not shown) can cover the remaining amount
detection with some degrees of accuracy. This patch is defined as a reference patch.
The toner-low state in the reference patch position is detected by the toner remaining
amount detecting sensor, and the partial toner-low state in the other patch position can
be determined based upon a density difference from the reference patch.

<Fifth Embodiment>

The test pattern is shown in Fig. 8 with the band-shaped pattern 801, but since it is
only required to obtain the read value V, in N locations (N > 1) in the main scan
direction, the test pattern is not necessarily band-shaped. Description is made in such a
manner that the band-shaped pattern 801 and the gradation pattern 802 exist on the
same paper, but the embodiment is not limited thereto. For example, the band-shaped
pattern and the gradation pattern may exist on the paper where images are continuously
formed.

Further, in use of a plurality of toner remaining amount detecting sensors, the cal-
ibration may be controlled by detecting the partial toner-low state from information of
the plurality of the sensors.

<Other Embodiments>

Aspects of the present invention can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out and executes a program
recorded on a memory device to perform the functions of the above-described em-
bodiment(s), and by a method, the steps of which are performed by a computer of a
system or apparatus by, for example, reading out and executing a program recorded on
a memory device to perform the functions of the above-described embodiment(s). For
this purpose, the program is provided to the computer for example via a network or
from a recording medium of various types serving as the memory device (e.g.,
computer-readable medium).

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2009-095987,
filed April 10, 2009, which is hereby incorporated by reference herein in its entirety.
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Claims
An image processing apparatus comprising:
output unit for outputting an image for detecting a partial toner-low
state to a print region;
determining unit for determining the partial toner-low state based upon
a read result of the image outputted by the output unit; and
control unit for controlling execution of calibration adjusting a re-
production characteristic in outputting an image using the toner, based
upon a result of the determination by the determining unit.
An image processing apparatus according to claim 1, wherein a
cartridge of the toner does not include a stirring mechanism.
An image processing apparatus according to claim 1, wherein an image
data for detecting the partial toner-low state includes a data for
performing output of a high density region.
An image processing method comprising:
an output step for outputting an image for detecting a partial toner-low
state to a print region;
a determining step for determining the partial toner-low state based
upon a read result of the image outputted by the output step; and
a control step for controlling execution of calibration adjusting a re-
production characteristic in outputting the image using the toner, based
upon a result of the determination by the determining step.
A program for executing the image processing method according to

claim 4 by a computer.
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