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number-of-overlap-pixels determination unit (300) con-
figured to determine number of the light emitting ele-
ments overlapping at ends of two light emitting element
array units (2, 3) adjacent to each other in a main scan-
ning direction based on transition of density in a plurality
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configured to cause the light emitting elements of each
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emitting elements and the predetermined number of the
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peatedly arranged, and positions of the turned on light
emitting elements and the turned off light emitting ele-
ments of one of the two light emitting element array units
are sequentially shifted for each of a plurality of test pat-
terns.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and incorporates by reference the entire contents of Japanese Patent
Application No. 2010-207230 filed in Japan on September 15, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an image forming apparatus, and a program for the image forming apparatus.
2. Description of the Related Art

[0003] Inanimage forming apparatus such as a wide format copier or a wide format printer using electrophotography,
there is used an inexpensive light-emitting element array unit having a width of A3 or A4 size, for example, an optical
writer having a plurality of light-emitting diode print heads, in which a light emitting diode (LED) serves as a light-emitting
element and which are arranged in a main-scanning direction, to performs divisional exposure to thereby deal with wide-
format writing.

[0004] Inthat optical writer, LED print heads adjacent to each other in a main scanning direction are located at different
positions in a sub scanning direction and are arranged such that ends of the LED print heads overlap each other in the
main scanning direction, and predetermined light emitting elements disposed at the ends of the LED print heads are
used as joints, so thatimages formed by the LED print heads are combined to each other in the main scanning direction.
[0005] For example, if a first LED print head and a second LED print head are arranged to be adjacent to each other
in this order from a start end of the main scanning direction, and 10 pixels of each LED print head overlap; for example,
a fifth pixel from the start end in the main scanning direction among overlap pixels of the first LED print head and a sixth
pixel from the start end in the main scanning direction among overlap pixels of the second LED print head are used as
joints to combine the images.

[0006] Accordingly, if misalignment occurs in a positional relationship between adjacent LED print heads due to poor
assembling precision of the LED print heads or physical dispersion, number of pixels that overlap may vary, which results
inan actual joint position differing from an expected position (theoretical position), hence leading to the images overlapping
in the main scanning direction or, conversely being separated.

[0007] As an apparatus intended to solve this problem, there is known a light emitting element array position detection
device capable of adjusting a joint position in a manner such that a light-receiving element such as a CCD camera
detects outputs of light emission of LED print heads arranged in a staggered manner in the main scanning direction, a
computer processes the detected outputs to compute deviated amount of the joint position of LED print heads, and a
dot lighting position of either one LED print head of the adjacent LED print heads is moved by the deviated amount (see
Japanese Patent Application Laid-open No. 2005-88371).

[0008] However, in this light emitting element array position detection device, since adjustment is performed by an
external device (jig) other than the optical writer, when the joints are shifted with time or due to the replacement of a part
of the LED print heads caused by failure after shipment, the joints must be adjusted on the market. Accordingly, the
adjustment is difficult and requires great man hours.

SUMMARY OF THE INVENTION

[0009] Itis an object of the present invention to at least partially solve the problems in the conventional technology.

[0010] According to an aspect of the present invention, there is provided an image forming apparatus including an
optical writer in which positions of a plurality of light emitting element array units are different in a sub scanning direction,
ends of the light emitting element array units overlap each other in a main scanning direction and the light emitting
elements in the ends are used as joints. The image forming apparatus includes: a print head control unit configured to
sequentially form latent images of a plurality of test patterns on a photosensitive element by sequentially writing a plurality
of test pattern data onto at least the light emitting elements in the ends of the two light emitting element array units
adjacent to each other in the main scanning direction; a test pattern image forming unit configured to sequentially form
a plurality of test pattern images on the photosensitive element by operating a developing device to develop the latent
images of the plurality of test patterns; a density detection unit configured to operate a density sensor so as to detect
density of the plurality of test pattern images; a number-of-overlap-pixels determination unit configured to determine
number of the light emitting elements overlapping at the ends based on transition of the density in the plurality of test
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pattern images; and a joint pixel determination unit configured to determine joint pixels of the two light emitting element
array units depending on a result of determination of the number-of-overlap-pixels determination unit. The plurality of
test pattern data are configured to cause the light emitting elements of one of the two light emitting element array units
to operate such that a predetermined number of the turned on light emitting elements and the predetermined number
of the turned off light emitting elements are alternately and repeatedly arranged, and cause the light emitting elements
of another of the two light emitting element array units to operate such that the predetermined number of the turned on
light emitting elements and the predetermined number of the turned off light emitting elements are alternately and
repeatedly arranged, and positions of the turned on light emitting elements and the turned off light emitting elements of
the another of the two light emitting element array units are sequentially shifted for each of the plurality of test patterns.
[0011] The above and other objects, features, advantages and technical and industrial significance of this invention
will be better understood by reading the following detailed description of presently preferred embodiments of the invention,
when considered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a schematic diagram showing main units of an image forming apparatus according to an embodiment of
the present invention;

Fig. 2 is a block diagram showing a schematic configuration of an image forming apparatus according to an em-
bodiment of the present invention;

Fig. 3is a block diagram showing an internal configuration of a control device included in an image forming apparatus
according to an embodiment of the present invention;

Fig. 4 is a diagram showing a relation among two print heads adjacent to each other in a main scanning direction,
a test pattern formed on a photosensitive drum, and a density sensor in an image forming apparatus according to
an embodiment of the present invention;

Fig. 5A is a diagram showing a first test pattern image formed on a photosensitive drum if number of overlap pixels
is 100;

Fig. 5B is a diagram showing an output obtained by detecting the first test pattern image using the density sensor;
Fig. 6A is a diagram showing a second test pattern image formed on a photosensitive drum if the number of overlap
pixels is 100;

Fig. 6B is a diagram showing an output obtained by detecting the second test pattern image using the density sensor;
Fig. 7A is a diagram showing a third test pattern image formed on a photosensitive drum if the number of overlap
pixels is 100;

and Fig. 7B is a diagram showing an output obtained by detecting the third test pattern image using the density sensor;
Fig. 8A is a diagram showing an eleventh test pattern image formed on a photosensitive drum if the number of
overlap pixels is 100;

Fig. 8B is adiagram showing an output obtained by detecting the eleventh test pattern image using the density sensor;
Fig. 9 is a diagram showing a relation between the first to eleventh test pattern images and outputs detected by the
density sensor if the number of overlap pixels is 100;

Fig. 10A is a diagram showing the first test pattern image formed on a photosensitive drum if the number of overlap
pixels is 99;

Fig. 10B is a diagram showing an output obtained by detecting the first test pattern image using the density sensor;
Fig. 11A is a diagram showing the second test pattern image formed on a photosensitive drum if the number of
overlap pixels is 99;

Fig. 11Bis a diagram showing an output obtained by detecting the second test patternimage using the density sensor;
Fig. 12A is a diagram showing the eleventh test pattern image formed on a photosensitive drum if the number of
overlap pixels is 99;

Fig. 12B is a diagram showing an output obtained by detecting the eleventh test pattern image using the density
Sensor;

Fig. 13 is a diagram showing a relation between the first to eleventh test pattern images and outputs detected by
the density sensor if the number of overlap pixels is 99;

Fig. 14 is a diagram showing an example of a pattern of an output change of the density sensor as the number of
overlap pixels of Table 3 changes from 95 to 105;

Fig. 15 is a diagram showing a relation between the first to eleventh test pattern images and outputs detected by
the density sensor as the number of overlap pixels of table 3 changes from 95 to 105; and

Fig. 16 is a flowchart illustrating a procedure of determining the number of overlap pixels and performing adjustment
of a joint position in an image forming apparatus according to an embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Fig. 1is a schematic diagram showing main units of an image forming apparatus according to an embodiment
of the present invention. The image forming apparatus G includes, as shown in Fig. 1, a photosensitive drum 9 which
is a photosensitive element formed in a drum shape and a rotation driving device (not shown) that rotates the photo-
sensitive drum 9 around an axis line at a predetermined speed. The image forming apparatus G includes an electrostatic
charger 1, a first print head 2, a second print head 3, a developing device 4, a density sensor 10 which is the density
detection unit, a transfer charger 5, a separation charger 6, a cleaning unit 7, and a neutralizing lamp 8, all of which are
sequentially arranged in a rotation direction of the photosensitive drum 9 (sub scanning direction: see an arrow) to
surround the photosensitive drum 9.

[0014] The separation charger 6 separates transfer paper from the photosensitive drum 9. The cleaning unit 7 cleans
up a toner remaining on a surface of the photosensitive drum 9 after transfer. The neutralizing lamp 8 neutralizes potential
remaining on the photosensitive drum 9 after cleaning so as to uniformly eliminate the potential. The density sensor 10
is a sensor used to measure (detect) density (toner density) of an image formed on the photosensitive drum 9, such as
a reflection type photo sensor, and is used when density of a test pattern image formed on the photosensitive drum 9
is detected in order to determine number of overlap pixels of the first and second print heads 2 and 3, as described below.
[0015] The first and second print heads 2 and 3 are arranged along a width direction (main scanning direction) of the
photosensitive drum 9 and are arranged at a predetermined interval in a rotation direction (sub scanning direction) of
the photosensitive drum 9. The first and second print heads 2 and 3 are arranged in different ranges of the main scanning
direction, those ranges being set to the photosensitive drum 9, and ends of the first and second print heads 2 and 3
overlap with each other in the main scanning direction at a boundary between the arrangement ranges thereof such that
the arrangement ranges partially overlap each other. Thus, the first and second print heads 2 and 3 are arranged in the
ranges obtained by dividing the photosensitive drum 9 in the width direction while overlapping at a joint of the first and
second print heads 2 and 3 (boundary between the arrangement ranges) along the main scanning direction of the
photosensitive drum 9. Combination of the first and second print heads 2 and 3 is arranged over an entire photosensitive
range of the main scanning direction of the photosensitive drum 9 while overlapping parts (ends) thereof in the main
scanning direction.

[0016] Thefirstand second printheads 2 and 3 include a plurality of light emitting elements one-dimensionally arranged
to form an array (a line) of the light emitting elements. Here, the first and second print heads 2 and 3 are each composed
of an LED print head including LEDs as the light emitting elements are included. The first and second print heads 2 and
3 irradiate light generated when the light emitting element is turned on onto the photosensitive drum 9 so as to form an
electrostatic latent image on the surface of the photosensitive drum 9. At this time, the image forming apparatus G
performs divisional exposure, in which two areas obtained by dividing the surface of the photosensitive drum 9 in the
main scanning direction are each exposed by one of the first and second print heads 2 and 3, by the first and second
print heads 2 and 3 and combines parts of electrostatic latent image each formed on one of the two areas in the main
scanning directions so as to form one electrostatic latent image and then develops the electrostatic latent image using
a toner of the developing device 4.

[0017] Fig. 2 is a block diagram showing the schematic configuration of the image forming apparatus G and Fig. 3 is
a block diagram showing the internal configuration of a control device included in the image forming apparatus G.
Incidentally, a print head is denoted by LPH in the figure.

[0018] The image forming apparatus G includes, as shown in Fig. 2, a reading unit 100 that reads an original, an
image processing unit 200 that performs image processing on an image (image information) obtained by reading the
original, and a writing unit 500 that writes an image when the original is duplicated. The image forming apparatus G
includes a control device 300 that controls the overall apparatus, and an operation unit 400 with which key input to the
control device 300, etc. is performed. The abovementioned density sensor 10 is connected to the control device 300.
[0019] The control device 300 includes, as shown in Fig. 3, a computer including a Central Processing Unit (CPU)
301 configured to execute various arithmetic processing, a Read Only Memory (ROM) 302 that stores various setting
information, programs, data, etc. used by the CPU 301, and a Random Access Memory (RAM) 303 that temporarily
stores data directly accessed by the CPU 301. In the present embodiment, each unit of the present invention is realized
by executing a program using the computer.

[0020] The writing unit 500 (see Fig. 2) converts an image data signal transmitted from the image processing unit 200
into bits each corresponding to one pixel using a print head control circuit 501, converts the bits into light (here, infrared
light) using the first and second print heads 2 and 3 to output the light. At this time, the print head control circuit 501
divides an image in a direction corresponding to the width direction of the photosensitive drum 9 and transmits data of
the divided images to the first print head 2 and the second print head 3 in parallel with each other. The second print
head 3 is arranged downstream of the first print head 2 in the rotation direction of the photosensitive drum 9. The print
head control circuit 501 delays transmission of data to the second print head 3 by a delay time determined by an interval
between the first print head 2 and the second print head 3 in the sub scanning direction and a circumferential velocity
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of the photosensitive drum 9 through a delay circuit. Thereby, an image written by the second print head 3 is synthesized
with an image written by the first print head 2 to form a synthesized image along one line on the photosensitive drum 9.
[0021] Inthe image forming apparatus G, if the positions of the print heads in the main scanning direction are deviated
due to assembling precision or physical dispersion of the first and second print heads 2 and 3, the number of overlap
pixels is increased or decreased from a predetermined number and a joint position may be deviated from an expected
position (theoretical position) and thus the images may overlap each other in the main scanning direction or, conversely,
the images may be separated.

[0022] If the number of overlap pixels is determined, it is possible to determine the joint position. In the present
embodiment, as shown in Fig. 4, overlap portions 21 and 31 of the ends of the first and second print heads 2 and 3 are
driven by test pattern data so as to form a test pattern image 11, used to detect the number of overlap pixels, on the
photosensitive drum 9, density of the test pattern image 11 is detected by the density sensor 10 so as to determine the
number N of overlap pixels, and the joint position of the first and second print heads 2 and 3 are determined using a
result of determination of the number N. Incidentally, although the test pattern image 11 is formed only in the overlap
portions in order to suppress toner consumption in Fig. 4, the test pattern image 11 may be formed in a range wider
than the overlap portions, for example, in a whole of the first and second print heads 2 and 3 in the main scanning
direction. However, a detection range of the density sensor 10 is set to only the overlap portions.

[0023] Hereinafter, a method (algorithm) of detecting the number N of overlap pixels will be described. First, a detection
example of a case where the number of overlap pixels is 100 will be described. Even when theoretical number of overlap
pixels is set to 100, if a deviation of about =0.2 mm occurs due to attachment precision error, etc., it is expected that a
deviation of about =5 pixels (in 600 dpi) may occur and the number of overlap pixels ranges approximately between 95
to 105 pixels. In the present example, it is assumed that a range of deviation is less than or equal to the above value.
In the present embodiment, it is assumed that the positions of the dots of the first and second print heads 2 and 3 are
aligned by a known dot position misalignment correcting method which is not described in the present embodiment.
[0024] Figs. 5A to 9 are diagrams showing different test pattern images formed on the photosensitive drum 9 and
outputs obtained by detecting those test pattern images using the density sensor 10 in the case where the number of
overlap pixels is 100. Hereinafter, these will be sequentially described.

[0025] First, Fig. 5A shows a first test pattern image and Fig. 5B shows an output obtained by detecting that test
pattern image using the density sensor 10. In Fig. 5A, 100 pixels (overlap pixels) of the overlap portion 21 of the first
print head 2 are sequentially denoted by reference numerals "n" to "n-99" from a right end and 100 pixels (overlap pixels)
of the overlap portion 31 of the second print head 3 are sequentially denoted by reference numerals "1" to "100" from a
left end. Test pattern data changing at intervals of 10 dots is written in the overlap pixels of the first print head 2 from
an n-th pixel. That is, 10 turned on dots and 10 turned off dots are alternately repeated from the right end. Test pattern
data changing at intervals of 10 dots is written in the overlap pixels of the second print head 3 from a first pixel. That is,
10 turned on dots and 10 turned off dots are alternately repeated from the left end. In the figure, a black dot denotes the
turned on dot and a white dot denotes the turned off dot. These define the first test pattern data.

[0026] At this time, a test pattern image (first test pattern image) 11_1 formed by developing a latent image of the test
pattern formed on the photosensitive drum 9 by both the first print head 2 and the second print head 3 becomes a black
solid image. As shown in Fig. 5B, an output value of the density sensor 10 at this time becomes a value Vmin. This
output value Vmin is stored in the RAM 303, etc. Since an amount of reflected light becomes a maximum when the
density sensor 10 detects a portion of the photosensitive drum 9, to which a toner is not attached, the output value (drum
surface density of Fig. 5B) of the density sensor 10 at this time is a maximum value.

[0027] Next, as shown in Fig. 6A, a second test pattern image 11_2 is formed on the photosensitive drum 9 by writing
second test pattern data onto the first print head 2 and the second print head 3. The second test pattern data includes
data written onto the first print head 2 that is the same as the first test pattern data, and data written onto the second
print head 3 that is obtained by right (in a direction toward a terminal end of main scanning) shifting corresponding data
in the first test pattern data by one pixel. The second test pattern image 11_2 becomes an image having a portion 11_2a
having a width of one dot to which the toner is not attached and, as shown in Fig. 6B, an output value of the density
sensor 10 at this time becomes Va (Va > Vmin). The output value Va of the density sensor at this time is stored in the
RAM 303, etc.

[0028] Next, as shown in Fig. 7A, a third test pattern image 11_3 is formed on the photosensitive drum 9 by writing
third test pattern data onto the first print head 2 and the second print head 3. The third test pattern data includes data
written onto the first print head 2 that is the same as the first test pattern data, and data written onto the second print
head 3 that is obtained by right shifting the corresponding data in the first test pattern data by two pixels. The third test
pattern image 11_3 becomes an image having a portion 11_3a having a width of two dots to which the toner is not
attached and, as shown in Fig. 7B, an output value of the density sensor at this time becomes Vb (Vb > Va).

[0029] Thereafter, fourth to eleventh test pattern data are sequentially written onto the first print head 2 and the second
print head 3 so as to form fourth to eleventh test pattern images on the photosensitive drum 9. The fourth to eleventh
test pattern data include data written onto the first print head 2 that is the same as the first test pattern data, and data
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written onto the second print head 3 that is obtained by right shifting the corresponding data in the first test pattern data
by 3 to 10 pixels, respectively. Fig. 8A shows an eleventh test pattern image 11_11. The eleventh test pattern image
11_11 becomes a lowest-density image having a portion 11_11a having a width of 10 dots to which the toner is not
attached and, as shown in Fig. 8B, an output value of the density sensor 10 at this time becomes a maximum value
Vmax. Output values when the fourth to eleventh test pattern images 11 to 11_11 are detected by the density sensor
10 are stored in the RAM 303, etc.

[0030] As described above, the outputs of the density sensor when the test pattern data written onto the second print
head 3 are sequentially changed are shown in Table 1 below. In this table, "Vmin < Va <Vb <Vc <Vd <Ve <Vf<\Vg
< Vh < Vi< Vmax" is satisfied.

Table 1

Pattern number | Output value of density sensor
1 Vmin
Va
Vb
Ve
vd
Ve
VFf
Vg
Vh
Vi

Ol oo N[O | | W|DN

-
o

N
N

Vmax

[0031] It can be seen from this table that, in the case where the number N of overlap pixels is 100, the outputs of the
density sensor constantly increases from Vmin to Vmax as the test pattern data written onto the second print head 3
are sequentially right shifted by 1 to 10 pixels, as shown in Fig. 9.

[0032] Next, different test pattern images formed on the photosensitive drum 9 and outputs obtained by detecting the
test pattern images using the density sensor 10 in a case where the number N of overlap pixels is 99 will be described.
[0033] InFig. 10A, 99 pixels (overlap pixels) of the overlap portion 21 of the first print head 2 are sequentially denoted
by reference numerals "n" to "n-98" from the right end and 99 pixels (overlap pixels) of the overlap portion 31 of the
second print head 3 are sequentially denoted by reference numerals "1" to "99" from the left end. Test pattern data
changing at intervals of 10 dots is written in the overlap portion 21 of the first print head 2 from an n-th pixel. That is, 10
turned on dots and 10 turned off dots are alternately repeated from the right end. Test pattern data changing at intervals
of 10 dots is written in the overlap portion 31 of the second print head 3 from a first pixel. That is, 10 turned on dots and
10 turned off dots are alternately repeated from the left end. In the figure, a black dot denotes the turned on dot and a
white dot denotes the turned off dot. These define the first test pattern data.

[0034] Atthistime, a test pattern image (first test pattern image) 12_1 formed by developing a latent image of the test
pattern formed on the photosensitive drum 9 by both the first print head 2 and the second print head 3 becomes an
image having a portion 12_1a having a width of one dot to which the toner is not attached. As shown in Fig. 10B, an
output value of the density sensor 10 at this time becomes a value Va. The output value Va of the density sensor at this
time is stored in the RAM 303, etc.

[0035] Next, as showninFig. 11A, a second test pattern image 12_2 is formed on the photosensitive drum 9 by writing
second test pattern data onto the first print head 2 and the second print head 3. The second test pattern data includes
data written onto the first print head 2 that is the same as the first test pattern data, and data written onto the second
print head 3 that is obtained by right shifting corresponding data in the first test pattern data by one pixel. The second
test pattern image 12_2 becomes an image having a portion 12_2a having a width of two dots to which the toner is not
attached and, as shown in Fig. 11B, an output value of the density sensor at this time becomes Vb (Vb > Va). This output
value Vb of the density sensor at this time is stored in the RAM 303, etc.

[0036] Thereafter, third to eleventh test pattern data are sequentially written onto the first print head 2 and the second
print head 3 so as to form third to eleventh test pattern images on the photosensitive drum 9. The third to eleventh test
pattern data includes data written onto the first print head 2 that is the same as the first test pattern data, and data written
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onto the second print head 3 that is obtained by right shifting corresponding data in the first test pattern data by 2 to 10
pixels, respectively. Fig. 12A shows an eleventh test pattern image 12_11. In the eleventh test pattern image 12_11,
the images formed by the first print head 2 and the second print head 3 overlap each other so that the eleventh test
pattern image 12_11 has a portion 12_11a having a width of 9 dots to which the toner is not attached. An output value
of the density sensor at this time becomes a value Vi (Vi > Vb). The output values when the third to eleventh test pattern
images 12_3 to 12_11 are detected by the density sensor 10 are stored in the RAM 303, etc.

[0037] As described above, the outputs of the density sensor when the test pattern data written onto the second print
head 3 are sequentially changed are shown in Table 2. In this table, "(Vmin) <Va <Vb <Vc <Vd <Ve <Vf<Vg<Vh

< Vi< Vmax" is satisfied.

Table 2

Pattern number

Output value of density sensor

1

Va

Vb

Ve

vd

Ve

VFf

Vg

Vh

Ol oo N[O | W|DN

Vi

-
o

Vmax

=N
N

Vi

[0038] It can be seen from this table that, in the case where the number N of overlap pixels is 99, the outputs of the
density sensor constantly increase from Va to Vmax and then decrease to Vi as the test pattern data written onto the
second print head 3 are sequentially right shifted by 1 to 10 pixels, as shown in Fig. 13.

[0039] With respect to the number of overlap pixels of 90 to 98 and 101 to 110, data shown in Table 3 can be obtained
by forming first to eleventh test pattern images and detecting the density thereof by the density sensor 10.
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[0040] It can be seen from Table 3 that, since change of the outputs of the density sensor 10 is different depending
on the number of overlap pixels, it is possible to determine the number of overlap pixels by checking how the outputs
of the density sensor 10 are changed. That is, for example, when the outputs of the density sensor 10 change form Vmin
to Vmay, it is determined that the number of overlap pixels is 100.

[0041] In a case of the test pattern data changing at intervals of a pattern width of 10 dots, since change of the outputs
of the density sensor 10 in a case where the number of overlap pixels is a value equal to or less than 90 or equal to or
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greater than 110 is identical to that in a case where the number of overlap pixels is different from that value, it is possible
to detect change of the number of overlap pixels up to =9 dots. If a variation of the number of overlap pixels is larger
or smaller, it is possible to change a detectable change of the number of overlap pixels by changing the pattern width.
[0042] Some of patterns of the change of the outputs of the density sensor 10 of Table 3 are shown in Fig. 14. The
patterns of the change of the outputs when the number of overlap pixels is 95 to 105 are sequentially shown from the
left side of the figure. Fig. 15 is a graph showing a relation between the first to eleventh test pattern images when the
number of overlap pixels is 95 to 105 and the outputs detected by the density sensor in Table 3.

[0043] The process of determining the number of overlap pixels by the above-described procedure and performing
adjustment of the joint position using a result of the determining will be described using the flowchart shown in Fig. 16.
[0044] In step S1, the photosensitive drum 9 is rotated, the density of the photosensitive drum 9 is read by the density
sensor 10, and Vsg adjustment (calibration) is executed.

[0045] Instep S2, a pattern number n of the test pattern data to be output to the first print head 2 and the second print
head 3 is initialized (n = 1).

[0046] In step S3, n-th test pattern data is written onto the first print head 2 and the second print head 3. Here, since
n = 1, the first test pattern data is written, that is, data in which 10 turned on dots are repeated at intervals of 10 dots
from the right end of the overlap portion 21 is written onto the first print head 2 and data in which 10 turned on dots are
repeated at intervals of 10 dots from the left end of the overlap portion 31 is written onto the second print head 3. Thus,
a latent image of the first test pattern is formed on the photosensitive drum 9. This latent image is developed by the
developing device 4 so that the first test pattern image is formed on the photosensitive drum 9.

[0047] In step S4, image density of the n-th test pattern is measured by the density sensor 10 and is stored in the
RAM 303.

[0048] Instep S5, itis determined whether or not all predetermined test pattern data (here, first to eleventh test pattern
data) are written onto the first print head 2 and the second print head 3.

[0049] When it is determined that all data are not written (No in step S5), the pattern number n is incremented by 1
(step S8) and process returns to step S3. In contrast, if the writing up to the eleventh test pattern data is finished (Yes
in step S5), the process proceeds to step S6.

[0050] In step S6, the density data of each test pattern image stored in the RAM 303 is read, this data is compared
by the CPU 301, and the number of overlap pixels is determined from a result of checking transition of change in the data.
[0051] In last step S7, the joint position is determined depending on the number of overlap pixels determined in step
S6. That is, for example, if the number of overlap pixels is 100, a joint pixel of the first print head 2 is set to an "n-50"th
pixel and a joint pixel of the second print head 3 is set to a 51st pixel.

[0052] Asdescribedin detail above, according to the image forming apparatus of the present embodiment, it is possible
to easily adjust the joint position even in market after shipment by mounting simple and cheap unit (density sensor 10,
a program for executing the procedure shown in Fig. 16, etc.) in a main body of the apparatus.

[0053] Although a detection range of the density sensor 10 in the main scanning direction is set to the overlap portion
in the above-described embodiment, the overlap portion may be configured to be wider than the detection range of the
density sensor 10 (the detection range of the density sensor 10 may be narrower than the overlap portion). Thereby, it
is possible to read the density of the test pattern image in the overlap portion without influence of an attachment error
of the density sensor 10.

[0054] Since the test pattern image formed on the photosensitive drum 9 is made thicker by development with the
toner, it is preferable to adjust a line width of the test pattern image by adjusting (suppressing) an amount of light of the
first print head 2 and the second print head 3, thereby improving output characteristics of the density sensor 10.
[0055] Although the above-described embodiment relates to an image forming apparatus for performing the divisional
exposure in the main scanning direction by two print heads, even in an image forming apparatus that performs the
divisional exposure in the main scanning direction by three or more print heads, the joint position of each overlap portion
in each two adjacent print heads among the three or more print heads can be adjusted by sequentially or simultaneously
executing the procedure shown in Fig. 16 for the each two adjacent print heads.

[0056] Although data written onto the second print head 3 is sequentially right shifted one pixel by one pixel in the
above-described embodiment, the joint position may be roughly determined by shifting data in units of plural pixels and
data may be then shifted one pixel by one pixel. Thereby, it is possible to reduce a wasteful toner amount, for example,
in a case where a wasteful toner amount becomes large when shifting data one pixel by one pixel since the variation is
large.

[0057] According to the present invention, in an image forming apparatus including an optical writer in which the
positions of a plurality of light emitting element array units are different in the sub scanning direction, ends of the light
emitting element array units overlap each other in the main scanning direction and the light emitting elements in the
ends are used as joints, it is possible to easily adjust the joint position even in the market after shipment by mounting a
simple and cheap unit in a main body of the image forming apparatus.

[0058] Although the invention has been described with respect to specific embodiments for a complete and clear
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disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the art that fairly fall within the basic teaching herein set forth.

Claims

1. An image forming apparatus (G) including an optical writer (500) in which positions of a plurality of light emitting
element array units (2, 3) are different in a sub scanning direction, ends of the light emitting element array units
overlap each other in a main scanning direction and the light emitting elements in the ends are used as joints, the
image forming apparatus comprising:

a print head control unit (501) configured to sequentially form latent images of a plurality of test patterns on a
photosensitive element (9) by sequentially writing a plurality of test pattern data onto at least the light emitting
elements in the ends of the two light emitting element array units adjacent to each other in the main scanning
direction;

a test pattern image forming unit (300) configured to sequentially form a plurality of test pattern images on the
photosensitive element by operating a developing device (4) to develop the latent images of the plurality of test
patterns;

a density detection unit (300) configured to operate a density sensor (10) so as to detect density of the plurality
of test pattern images;

a number-of-overlap-pixels determination unit (300) configured to determine number of the light emitting ele-
ments overlapping at the ends based on transition of the density in the plurality of test pattern images; and

a joint pixel determination unit (300) configured to determine joint pixels of the two light emitting element array
units depending on a result of determination of the number-of-overlap-pixels determination unit,

wherein the plurality of test pattern data are configured to cause the light emitting elements of one of the two
light emitting element array units to operate such that a predetermined number of the turned on light emitting
elements and the predetermined number of the turned off light emitting elements are alternately and repeatedly
arranged, and cause the light emitting elements of another of the two light emitting element array units to operate
such that the predetermined number of the turned on light emitting elements and the predetermined number of
the turned off light emitting elements are alternately and repeatedly arranged, and positions of the turned on
light emitting elements and the turned off light emitting elements of the another of the two light emitting element
array units are sequentially shifted for each of the plurality of test patterns.

2. The image forming apparatus (G) according to claim 1, further comprising a unit (300) configured to change the
predetermined number.

3. The image forming apparatus (G) according to claim 1 or 2, further comprising a unit (300) configured to adjust an
amount of light of the light emitting elements.

4. The image forming apparatus (G) according to any one of claims 1 to 3, wherein length of overlap portions of the
ends in the main scanning direction is greater than length of a detection range of the density sensor (10) in the main
scanning direction.

5. The image forming apparatus (G) according to any one of claims 1 to 4, wherein the print head control unit (501)
writes the plurality of test pattern data only onto the light emitting elements in the ends of the two light emitting
element array units (2, 3).

6. The image forming apparatus (G) according to any one of claims 1 to 5, wherein the positions of the turned on light
emitting elements and the turned off light emitting elements of the another of the two light emitting element array
units are sequentially shifted by one pixel for each of the plurality of test patterns.

7. A computer program product comprising a non-transitory computer-usable medium having computer-readable pro-

gram codes embodied in the medium, wherein the program codes when executed causing a computer (300, 500)
to function as the units of the image forming apparatus according to any one of claims 1 to 6.

11



FIG.1




EP 2 444 850 A2

G
________________________________ £900 9
5100 £200 | 501 52 2
READING |_,|  IMAGE ! T 13
UNIT "| PROCESSING > o, | 510
5 UNIT : . :
2 i | PRINT a3l |w
<300 g HEAD o = >
{ | CONTROL il I A = B =3
CONTROL iy CIRCUIT dl 1z |22
DEVICE ; Jol W] ol
vy 5400 g 9 1 © e
OPERATION § | i |0
UNIT ; ZINNE:
<300
5301
CPU
5302 $303
ROM RAM

13



D

SUB SCANNING
DIRECTION

EP 2 444 850 A2

FIG.4

N
PIXELS

<>
21

,\/
A

V//ﬁ///

31

11

DENSITY
SENSOR

/
™~

10
<

> MAIN SCANNING DIRECTION

14




EP 2 444 850 A2

FIG.5A

100 PIXELS

LA

D
Sf n-1 >
n—2 n

2 99
momcm}r‘.;:m
1 3 31 :

gg 100

5 DRUM SURFACE

& i DENSITY

-

o) | !

[ { J

o i i

w \ i

prad / . LOW

i S | DENSITY: LO
Vimin \ BLACK SOLID

TIME

15



EP 2 444 850 A2

FIG.GA

100 PIXELS

4#“

<58

.

& 21
9 n—97 &1

Wmocmrg K
i 981 00

SENSOR OUTPUT

Va

11_2a
DRUM SURFACE
) ' DENSITY

i
E ;
| s
{ i

N s DENSITY: LOW
N )
7

BLACK SOLID
TIME

16



EP 2 444 850 A2

FIG.7A

[y
-
o
-
2
O
x
O
0
Z
L
w

w
. 100 PIXELS o
n-98 SS 7
n\—;g n-2 N
2 SS 69
1 3 31 981 00
M

Y ;’——

i ;
s s
x i

mmmmmm //
N /
N

TIME

17

DRUM SURFACE

DENSITY
DENSITY: LOW
BLACK SOLID



EP 2 444 850 A2

FIG.8A

100 PIXELS

SENSOR QUTPUT

Vmax

11

11

11_11

o]

FI1G.8B

A '
! §
| H
t |
N %/
N
TIME

18

DENSITY

n—2 "

a9

! 100

98

DRUM SURFACE

DENSITY: LOW

BLACK SOLID



EP 2 444 850 A2

FIG.9

Vmax

SENSOR OUTPUT

Vmin

1234567 89101
PATTERN NUMBER

19



EP 2 444 850 A2

FIG.10A

99 PIXELS

12_1

12_1a
b
=2
= DRUM SURFACE
> Y ' DENSITY
o ; %
o
O ! |
@ i r
— \ I
1Ll
» S 7 DENSITY: LOW
val— A\ .
S
BLACK SOLID

TIME

20



EP 2 444 850 A2

FIG.11A

W

} 99 PIXELS
‘97 5 =1
g 20 5 gy
2i | | 55 98
i3 31 j 99'

12_2a
l.......
o3
0.
5
) DRUM.SURFACE
& i ' DENSITY
3 | |
=z i |
u i |
@ i
|
N e e e e DENSITY: LOW
Vb \. /
\——J BLACK SOLID

TIME

21



EP 2 444 850 A2

FIG.12A

h——
99 PIXELS

97 a1
n—96 21 , '

g n
n-98 n-2

2 SS 98
mem‘ .....
M

<>
H H B

12_11

12_11a

FIG.12B

-
|
A
o DRUM SURFACE
] \ = DENSITY
o 3 {
O ; H
o i |
=
I ] H
N / DENSITY: LOW
[ — -

\——-/ BLACK SOLID

TIME

22



EP 2 444 850 A2

FIG.13
5
2 N
-
g Vi
O
w
=z
[B11]
42}

1234567 8 81011
PATTERN NUMBER

FIG.14

PR N NN A NN

23



EP 2 444 850 A2

S1aXId S04 —O—
S1AXId 701 -~
STAXId €0} ---X--
S73XId 20} --F—
$73XId LOL ~FF~
ST7AXId 00} ~—ma—
S13XId 66 —H—
STAXId 86 —36~—
ST13XId 26 —¥—
STIXId 96 ——
ST13XId 56 —

AR

0l

HIHINNN NH311vd

GLold

w0
we

&e

(A) IOVLI0A

24



EP 2 444 850 A2

FIG.16

( START ’

READ DRUM SURFACE DENSITY BY SENSOR
AND EXECUTE Vsg ADJUSTMENT

INITIALIZE TEST PATTERN NUMBER n
n=1

o
-

82

) A

WRITE n-TH TEST PATTERN
DATA ONTO PRINT HEAD

READ DENSITY OF
TEST PATTERN IMAGE BY DENSITY SENSOR
AND STORE DENSITY DATA

ARE ALL
PREDETERMINED TEST PATTERN
. DATAWRITTEN? ;

556

DETERMINE NUMBER OF OVERLAP PIXELS
BASED ON TRANSITION IN DENSITY DATA CF
TEST PATTERN IMAGES

sS7

PERFORM ADJUSTMENT OF JOINT POSITION
DEPENDING ON NUMBER OF OVERLAP PIXELS

END

25




EP 2 444 850 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2010207230 A [0001] » JP 2005088371 A [0007]

26



	bibliography
	description
	claims
	drawings

