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COLOR IMAGE FORMING APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a color image 
forming apparatus. This color image forming apparatus may 
be a copying machine, a printer, and a facsimile. The color 
image forming apparatus may utiliZe the technology of 
electro-photography, electro-statics, or may utiliZe some 
other technology for forming the image on a paper. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, a tandem type of color image 
forming apparatus is knoWn. In this conventional color 
image forming apparatus, a separate image forming unit for 
forming an image of a separate color, for example, yelloW 
(hereafter Y), magenta (hereafter M), cyan (hereafter C), and 
black (hereafter K), respectively, are lined up along a 
conveyer belt. The conveyer belt conveys the paper, on 
Which the image is to be formed, under each image forming 
unit. The conventional color image forming apparatus is 
shoWn in detail in FIG. 2. 

[0003] As shoWn in FIG. 2, in the conventional color 
image forming apparatus, a plurality of image forming units 
1Y, 1M, 1C, and 1K are sequentially disposed along a 
conveyer belt 3. The conveyer belt 3 is installed over 
conveyer rollers 4 and 5 so as to move in a direction shoWn 
by an arroW in FIG. 2. One roller of the conveyer rollers 4 
and 5 also drives the conveyer belt 3 in addition to just 
moving the conveyer belt 3, and the other roller just moves 
the conveyer belt 3. A paper feeder comprises a paper feed 
tray 6. Apile of papers is placed in the paper feed tray 6. A 
paper 2 on the top of this pile of paper is fed to the conveyer 
belt 3 by not shoWn a paper feed roller. The paper 2 sticks 
to the conveyer belt 3 due to electrostatic adsorption. 

[0004] The conveyer belt 3 conveys the paper 2 under the 
Y image forming unit 1Y. At this position, a transfer unit 7Y 
of the Y image forming unit 1Y forms a Y image (i.e. a 
yelloW color image) on the paper 2. The Y image forming 
unit 1Y has a drum like photosensitive body 8Y that supports 
an image, a charging unit 9Y disposed in the periphery of the 
photosensitive body 8Y for uniformly charging the photo 
sensitive body 8Y, an exposure unit 10Y as an exposure 
means performing exposure for the photosensitive body 8Y, 
a development unit 11Y as a development means developing 
an electrostatic latent image on the photosensitive body 8Y 
to form a Y toner image, and a photosensitive body cleaner 
12Y as a cleaning means cleaning the photosensitive body 
SY 

[0005] The photosensitive body 8Y is rotated and driven 
by a not shoWn rotation mechanism so as to be charged 
uniformly by the charging unit 9Y. Then, the photosensitive 
body 8Y is exposed to a laser light 13Y from the exposure 
unit 10Y so as to form an electrostatic latent image. This 
electrostatic latent image on the photosensitive body 8Y is 
developed by the development unit 11Y so that the Y toner 
image is formed on the photosensitive body 8Y. This Y toner 
image on the photosensitive body 8Y is transferred onto the 
transfer paper 2 on the conveyer belt 3 at a position (a 
transfer position) Where the photosensitive body 8Y and the 
transfer paper 2 on the conveyer belt 3 come in contact With 
each other by means of the transfer unit 7Y so that the Y 
toner image of only the yelloW color is formed on the paper 
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2. After the transfer of the Y toner image is completed, the 
photosensitive body 8Y is prepared for the next image 
formation While unnecessary toner remaining on the surface 
is cleaned by the photosensitive body cleaner 12Y. 

[0006] The paper 2 having the Y image formed thereon is 
then brought under the M image forming unit 1M by moving 
the conveyer belt 3. At this position, a transfer unit 7M of the 
M image forming unit 1M forms an M image (i.e. a magenta 
color image) over the already formed Y image. Then, the 
paper 2 having the Y image and M image formed thereon is 
brought under the C image forming unit 1C by moving the 
conveyer belt 3. At this position, a transfer unit 7C of the C 
image forming unit 1C forms an C image (i.e. a cyan color 
image) over the already formed Y image and M image. 
Then, the paper 2 having the Y image, M image, and C 
image formed thereon is brought under the K image forming 
unit 1K by moving the conveyer belt 3. At this position, a 
transfer unit 7K of the K image forming unit 1K forms an K 
image (i.e. a black color image) over the already formed Y 
image, M image, and C image. Thus, a full color image is 
formed on the paper 2. Then, the paper 2 having an image 
printed thereon is conveyed under a ?xing unit 14. The 
?xing unit 14 ?xes the image. Finally, the paper 2 is 
discharged outside the machine. 

[0007] The M image forming unit 1M, the C image 
forming unit 1C, and the K image forming unit 1K have 
drum like photosensitive bodies 8M, 8C, and 8K as image 
support bodies, charging units 9M, 9C, and 9K disposed in 
the peripheries of the photosensitive bodies 8M, 8C, and 8K 
as charging means for uniformly charging the photosensitive 
bodies 8M, 8C, and 8K, exposure units 10M, 10C, and 10K 
as exposure means performing exposure for the photosen 
sitive bodies 8M, 8C, and 8K, development units 11M, 11C, 
and 11K as development means developing electrostatic 
latent images on the photosensitive bodies 8M, 8C, and 8K 
to make an M toner image, a C toner image, and a K toner 
image, and photosensitive body cleaners 121M, 12C, and 
12K as cleaning means cleaning the photosensitive bodies 
8M, 8C, and 8K, respectively, similarly to the Y image 
forming unit 1Y. 

[0008] In the M image forming unit 1M, the C image 
forming unit 1C, and the K image forming unit 1K, after the 
photosensitive bodies 8M, 8C, and 8K are rotated and driven 
by means of rotation mechanisms Which are not shoWn so as 
to be uniformly charged With electricity by the charging 
units 9M, 9C, and 9K, respectively, they are exposed to laser 
lights 13M, 13C, and 13K corresponding to an M image 
signal, a C image signal, and a K image signal by the 
exposure units 10M, 10C, and 10K to form electrostatic 
latent images, respectively. These electrostatic latent images 
on the photosensitive bodies 8M, 8C, and 8K are developed 
by the development units 11M, 11C, and 11K so that the M 
toner image, the C toner image, and the K toner image are 
formed on the photosensitive bodies 8M, 8C, and 8K. The M 
toner image, the C toner image, and the K toner image on the 
photosensitive bodies 8M, 8C, and 8K are transferred onto 
the transfer paper 2 on the conveyer belt 3 at the positions 
(transfer positions) Where the photosensitive bodies 8M, 8C, 
and 8K and the transfer paper 2 on the conveyer belt 3 come 
in contact With each other by means of the transfer units 7M, 
7C, and 7K. After the transfer of the M toner image, the C 
toner image, and the K toner image are completed, the 
photosensitive bodies 8M, 8C, and 8K are prepared for the 
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next image formations While unnecessary toner remaining 
on the surfaces is cleaned by the photosensitive body 
cleaners 12M, 12C, and 12K. 

[0009] In the conventional color image forming apparatus 
it is necessary that the different color images are formed at 
exact positions. For example, if the positions of the image 
forming units is not aligned, then the image Will get dis 
torted. Therefore, a technique for an alignment betWeen 
respective colors is a signi?cant issue from the constitutional 
standpoint. The factors that cause static positional deviation 
of respective colors mainly include skeW, positional devia 
tion of the resist in the sub-scanning direction and main 
scanning direction, and error in magni?cation in the main 
scanning direction. 

[0010] A skeW correction is performed by, for example, 
regulating the inclination of an optical unit or the inclination 
of a beam re?ection mirror existing therein or the like. 

[0011] In the color image forming method described in 
Japanese Patent Application Laid-Open No. HEI 10-198110, 
detection unit for detecting a positional deviation detection 
mark formed by a line in a main scanning direction and a line 
inclined against that line is provided. This detection unit is 
composed of a slit having an aperture Which is parallel to 
and has the same Width as the respective lines of the mark, 
a light source, and a light receiver. 

[0012] An image forming apparatus is disclosed in Japa 
nese Patent No. 2642351 in Which a standard part composed 
of a straight line extending on a non-end like conveying 
means in a main scanning direction and a slanting line 
extending in a slant manner against the straight line are 
formed, and a deviation amount of the slanting line in the 
main scanning direction is calculated through the compari 
son betWeen an ideal value of the space betWeen the standard 
part and the slanting line and an actually detected space, so 
that based on its result at least either of a main scanning 
Write timing clock or Write clock is corrected. 

[0013] An image forming apparatus is disclosed in Japa 
nese Patent No. 2765626 in Which a pattern image for 
measurement is formed on a non-end like conveying means, 
this pattern image is detected With a detection unit, a 
deviation betWeen a standard pattern image for one color is 
and the pattern image of other colors is measured, and the 
timing of forming the image is adjusted based on the 
measured deviation in Which a pattern image for measuring 
positional deviations for respective colors is formed on a 
non-end like conveying means so that this pattern image for 
measuring is detected by a detection unit, and a deviation 
amount betWeen a pattern image for measuring one color to 
be a standard and a pattern image for measuring another 
color is calculated so that based on the deviation amount, 
image Write timing is regulated. 

[0014] Amultiple image forming apparatus is disclosed in 
Japanese Patent No. 2573855 in Which reading of an align 
ment pattern for correcting a positional deviation for respec 
tive colors and reading of a density pattern for controlling 
the density of an image are performed by employing the 
same reading unit commonly. 

[0015] FIG. 3 shoWs the detection unit and its peripheral 
section described in the Japanese Patent Application Laid 
Open No. HEI 10-198110. FIG. 4 shoWs side and enlarged 
vieW of the detection unit. The detection unit is composed of 
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a light emitter 15, a slit 16, and a light receiver 17 so as to 
detect the positional deviation detection mark 25 formed by 
image forming units 21 to 24 of respective colors on a 
conveyer belt 20 installed over conveyer rollers 18 and 19. 
This detection unit is disposed in both ends, respectively, in 
the main scanning direction, and corresponding to each 
detection unit, the positional deviation detection mark 25 is 
formed in both ends of the conveyer belt 20, respectively. 

[0016] FIG. 5 shoWs the slit 16 in an enlarged manner. 
The slit 16 has an aperture 16a With a Width “a” Which is 
parallel to a line parallel to the main scanning direction of 
the positional deviation detection mark 25 (hereafter, 
referred to as a horiZontal line) and a line slanting against 
that horiZontal line (hereafter, referred to as a vertical line) 
and a length “b” in order to detect the respective horiZontal 
and vertical lines. A detection time difference of each line 
and a detection result of right/left are compared While taking 
black horiZontal line as a standard in using the horiZontal 
and vertical lines so that depending on the result, corrections 
of skeW, a sub-scanning resist deviation, a main scanning 
resist deviation, and a main scanning magni?cation error are 
performed. 
[0017] In the image forming apparatuses described in the 
Japanese Patent Nos. 2642351 and 2765626, a correction 
based on various kinds of deviation amounts calculated 
through detection results of the detection unit is performed 
as folloWs, similarly to the color image forming method 
described in the Japanese Patent Application Laid-Open No. 
HEI 10-198110. 

[0018] FIG. 6 shows a timing chart of the time When the 
Write timing of the sub-scanning direction is corrected. In 
this case, the correction resolution is supposes to be one dot. 
With respect to an image region signal (Write enable signal) 
of the sub-scanning direction, the Write position is regulated 
by the timing of a synchroniZed detection signal. NoW, When 
it is Wanted that the Write position is advanced one dot 
depending on the result of the calculation using a detection 
result of the detection unit, the Write enable signal may be 
made active one part fast of the synchroniZed detection 
signal as shoWn in FIG. 6. 

[0019] FIG. 7 shoWs a timing chart of the time When the 
Write timing of the main scanning direction is corrected. In 
this case, the correction resolution is supposes to be one dot. 
With respect to the image Write clock, clocks having exactly 
matched phases can be obtained for respective lines by a 
rising edge of the synchroniZed detection signal. Writing of 
an image is performed, synchroniZing that clock signal, and 
Write enable signal of the main scanning direction is made, 
synchroniZing that clock signal. NoW, When it is Wanted that 
the Write position is advanced one dot depending on the 
result of the calculation using a detection result of the 
detection unit, the Write enable signal may be made active 
one clock part fast as shoWn in FIG. 7. 

[0020] Further, When the magni?cation in the main scan 
ning direction is deviated from the standard color as a result 
of the calculation using a detection result of the detection 
unit by a color other than the standard color, the magni? 
cation of the main scanning direction can be altered by 
employing a device by Which the frequency of the clock can 
be changed by a very small step, for example, a clock 
generator or the like. 

[0021] In the multiple image forming apparatus described 
in the Japanese Patent No. 2573855, same detection unit 
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detects the alignment mark and the density pattern (image 
density regulation pattern). In this case, the alignment mark 
(positional deviation detection mark) 25 shoWn in FIG. 3 
and the image density regulation pattern 26 shoWn in FIG. 
8 are formed individually on the conveyer belt 20 by the 
image forming units 21 to 24 of respective colors indifferent 
sequences. 

[0022] A predetermined arithmetic processing is per 
formed using the detection result of the alignment mark 25, 
and according to the result, the alignment control as 
described above is performed. Similarly, a predetermined 
arithmetic processing is performed using the detection result 
of the density pattern 26 for regulating an image density, and 
according to the result, a process condition or the like, such 
as a laser poWer, a charge bias, a development bias, or the 
like, is altered into an optimal value. 

[0023] In the multiple image forming apparatus described 
in the Japanese Patent No. 2573855, since the alignment 
operation in Which the detection result of the alignment 
mark 25 is calculated and in accordance With the result the 
alignment control is performed and the image density regu 
lation operation in Which the detection result of the density 
pattern 26 is calculated and in accordance With the result a 
process condition or the like is altered are eXecuted in 
different sequences, useless time is taken so that a Waiting 
time of a user becomes long. 

SUMMARY OF THE INVENTION 

[0024] It is the ?rst object of the present invention to 
provide a color image forming apparatus by Which a Waiting 
time of a user can be shortened. 

[0025] It is the second object of the present invention to 
provide a color image forming apparatus in Which a running 
cost can be reduced. 

[0026] It is the third object of the present invention to 
provide a color image forming apparatus by Which a Waiting 
time of a user can be shortened. 

[0027] It is the fourth object of the present invention to 
provide a color image forming apparatus by Which an 
alignment can be securely performed. 

[0028] It is the ?fth object of the present invention to 
provide a color image forming apparatus by Which an 
alignment can be securely performed. 

[0029] The color image forming apparatus according to 
one aspect of the invention comprises a means forming and 
detecting the positional deviation detection mark and the 
image density regulation mark. When requests for image 
density control and alignment are almost simultaneously 
received, this means forms and detects the positional devia 
tion detection mark and the image density regulation mark 
in the sequence the requests Were received. Therefore, the 
time for Which the user is required to Wait is shortened. 

[0030] Further, it is preferable that if only a request for 
image density control is received only the image density 
regulation mark is detected and if only a request for align 
ment is received only the positional deviation detection 
mark is detected. Accordingly, the running cost can be 
reduced. 

[0031] Further, it is preferable that the frequency for 
sampling a detection signal of the image density regulation 
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mark and the frequency for sampling a detection signal of 
the positional deviation detection mark are different. Fur 
thermore, it is preferable that the frequency for sampling the 
detection signal of the image density regulation mark is 
smaller than the frequency for sampling the detection signal 
of the positional deviation detection mark. Accordingly, the 
time for Which the user is required to Wait is shortened. 

[0032] Further, it is preferable that a detection result of the 
positional deviation detection mark is discriminated. When 
the discrimination is impossible, only the image density 
regulation for each color is performed so that the alignment 
for each color is not performed. One the other hand, When 
the discrimination is possible, the image density regulation 
for each color and the alignment for each color are per 
formed. Accordingly, alignment can be securely performed. 

[0033] Further, it is preferable that, When the discrimina 
tion is impossible, the alignment for each color is performed 
after the image density regulation for each color is per 
formed. Accordingly, alignment can be securely performed. 

[0034] Other objects and features of this invention Will 
become apparent from the folloWing description With refer 
ence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a block diagram shoWing the con?gura 
tion of one embodiment of the present invention. 

[0036] FIG. 2 is an outlined vieW shoWing one eXample of 
a color image forming apparatus. 

[0037] FIG. 3 is a perspective vieW shoWing the detection 
unit and its peripheral section described in the Japanese 
Patent Application Laid-Open No. HEI 10-198110. 

[0038] FIG. 4 is an outlined vieW shoWing the detection 
unit in an enlarged manner. 

[0039] FIG. 5 is a plan vieW shoWing the slit of the 
detection unit in an enlarged manner. 

[0040] FIG. 6 is a timing chart shoWing operation timing 
of the time of correcting the Write timing of the sub-scanning 
direction in the image forming apparatus described in the 
Japanese Patent Nos. 2642351 and 2765626. 

[0041] FIG. 7 is a timing chart shoWing operation timing 
of the time of correcting the Write timing of the main 
scanning direction in the image forming apparatus. 

[0042] FIG. 8 is a perspective vieW shoWing the detection 
unit and its peripheral section of the multiple image forming 
apparatus described in the Japanese Patent No. 2573855. 

[0043] FIG. 9 is a plan vieW shoWing a state Wherein the 
image density regulation mark and the alignment mark are 
formed on the conveyer belt in the embodiment according to 
the present invention. 

[0044] FIG. 10 is a plan vieW shoWing another eXample in 
Which the image density regulation mark and the alignment 
mark are formed on the conveyer belt in the embodiment 
according to the present invention. 

[0045] FIG. 11 is a timing chart shoWing timing of data 
sampling in the case of forming and detecting the image 
density regulation mark and the alignment detection mark in 
the embodiment according to the present invention. 
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[0046] FIG. 12 is a vieW for explaining the embodiment 
according to the present invention. 

[0047] FIG. 13 is a ?owchart shoWing a processing How 
of the time of an alignment and an image density regulation 
in the embodiment according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] One preferred embodiment of the present invention 
is explained beloW With reference to the attached draWings. 
It is assumed that the present invention is applied to the 
conventional color image forming apparatus shoWn in FIG. 
2. Further, it is assumed that a main CPU performs the 
requests for alignment and a request for image density 
regulation. The main CPU monitors the number of printed 
papers, temperature of the surrounding, temperatures of the 
respective units of the color image forming apparatus, and 
the like, and performs the request for alignment and the 
request for image density regulation based on result of this 
monitoring. There is a possibility that the main CPU does 
not output the requests for alignment and the request for 
image density regulation at one time or at substantially one 
time. When the main CPU performs only the request for 
alignment at one time, then an alignment operation of 
calculation of a detection result of an alignment mark 
(positional deviation detection mark) and performing align 
ment control according to the result is performed. On the 
other hand, When the main CPU performs only the request 
for image density regulation at one time, then an image 
density regulation operation of calculation of a detection 
result of an image density regulation mark and altering a 
process condition and the like according to the result is 
performed. 
[0049] If the main CPU outputs the requests for alignment 
and the request for image density regulation at one time or 
at substantially one time, then the alignment mark and the 
image density regulation mark are formed in the same 
sequence. As shoWn in FIG. 9, on both ends of the conveyer 
belt 3 (inside an image region or a region Where the paper 
2 does not lie) the image density regulation mark 26 and the 
alignment mark 25 are sequentially arranged in the convey 
ing direction. The image density regulation mark 26 is 
formed upstream from the alignment mark 25 on the con 
veyer belt 3, and the alignment mark 25 is formed doWn 
stream from the image density regulation mark 26 on the 
conveyer belt 3. 

[0050] The order of the image density regulation mark 26 
and the alignment mark 25 is not limited to this. For 
example, it is alloWable that the alignment mark 25 is 
formed upstream from the image density regulation mark 26 
on the conveyer belt 3. Further, it is alloWable that the image 
density regulation mark 26 is formed doWnstream from the 
image density regulation mark 26 on the conveyer belt 3 as 
shoWn in FIG. 10. Further, it is possible that the image 
density regulation mark 26 and the alignment mark 25 are 
formed alternately on the conveyer belt 3. 

[0051] FIG. 11 shoWs timing of data sampling in the case 
of forming and detecting the positional deviation detection 
mark 25 and image density regulation mark 26 as shoWn in 
FIG. 9. Since the image density regulation mark 26 is 
formed upstream from the positional deviation detection 
mark 25 on the conveyer belt 3, ?rst, a sampling enable 
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signal/PROSMP_EN making sampling of a detection signal 
from the image density regulation mark 26 effective 
becomes active, and then a sampling enable signal 
REGSMP_EN making sampling of a detection signal from 
the positional deviation detection mark 25 formed doWn 
stream from the image density regulation mark 26 on the 
conveyer belt 3 effective becomes active. 

[0052] The frequency of a data sampling clock signal 
SMP_CLK is set to 30 kHZ during the period in Which 
PROSMP_EN becomes active and to 90 kHZ during the 
period in Which REGSMP_EN becomes active. This is 
because high resolution is required in the detection from the 
image density regulation mark 25. The frequency of SMP 
_CLK is altered for each sampling enable signal as 
described above to minimiZe data number to be handled as 
much as possible so that the time taken for calculation 
process is shortened, Whereby a Waiting time of a user can 
be shortened. 

[0053] There may be a case in Which discrimination of the 
line of the positional deviation detection mark 25 becomes 
impossible during the formation and detection of the posi 
tional deviation detection mark 25 and image density regu 
lation mark 26 in the same sequence. This case can occur 
When the image density is considerably loW. For example, as 
shoWn in FIG. 12, When the centers of the lines of the 
respective the positional deviation detection mark 25 and 
image density regulation mark 26 are sought from intersec 
tions P1, P2, P3, P4, . . . betWeen the detection signals of the 
positional deviation detection mark 25 and a predetermined 
threshold level VSh the line of cyan C cannot be recogniZed. 

[0054] That is, although the line center Pc1 of the mark of 
black K is sought from the intersections P1 and P2, since the 
line center of the next mark becomes the line center Pc2 of 
the mark of magenta, P02 is sought from the intersections P3 
and P4. For this type of line recognition error, after all line 
centers are sought, discrimination is possible depending on 
Whether or not its number is desired number and the like. 

[0055] If this type of line recognition error occurs, only the 
detection result of the image density regulation mark 26 is 
utiliZed and is given a predetermined arithmetic process, and 
according to the arithmetic process result, a process condi 
tion or the like, such as a laser poWer, a charge bias, a 
development bias, or the like, is altered into an optimal 
value. Then, the formation and detection of the image 
density regulation mark 25 are performed again so that the 
formation and detection of a clean image density regulation 
mark 25 is performed, thereby eliminating a situation in 
Which a detection level of the image density regulation mark 
26 becomes VSh or less, Whereby the alignment can be 
performed securely. 

[0056] FIG. 1 shoWs the con?guration of the present 
embodiment. As mentioned above, this con?guration is 
employed in the color image forming apparatus shoWn in 
FIG. 2. The detection unit according to the present invention 
comprises the light emitter 15, the slit 16, and the light 
receiver 17. This detection unit detects the positional devia 
tion detection mark 25 and image density regulation mark 26 
formed on the conveyer belt 20 by the image forming units 
1Y, 1M, 1C, and 1K for the respective colors. The detection 
unit is disposed betWeen the image forming unit 1K and the 
?xing unit 14. The light emitter 15 is disposed in an outer 
side of the conveyer belt 3, and the slit 16 and the light 
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receiver 17 are disposed in an inner side of the conveyer belt 
3. The light from the light emitter 15 is received at the light 
receiver 17 through the transparent conveyer belt 3 and the 
aperture 16a of the slit 16. 

[0057] The signal obtained from the light receiver 17 is 
ampli?ed by an ampli?er 27 and supplied to a ?lter 28. The 
?lter alloWs only a signal component that corresponds to the 
detected mark to passed through to an A/D converter 29. The 
A/D converter 29 samples the analog signal and obtains a 
digital data. FIFO memory 31 stores the digital data. A 
sampling control section 30 controls sampling of the data by 
the A/D converter 29. TWo sets of such a detection unit are 
provided on each side of the conveyer belt. Both the sets of 
the detection unit have the same con?guration. 

[0058] Thus, When the positional deviation detection mark 
25 and image density regulation mark 26 is detected, a 
digital data is stored in the FIFO memory 31. This digital 
data is loaded into a main CPU 34 and a RAM 35 via an I/O 
port 32 through a data bus 33. Thereafter, the main CPU 34 
performs arithmetic processing for calculating various kinds 
of positional deviation amounts and optimal process condi 
tions. Therefore, the main CPU 34 Works as an arithmetic 
means for calculating data from the positional deviation 
detection mark 25 and image density regulation mark 26 as 
Well. 

[0059] A ROM 36 stores various kinds of programs and 
data tables and the like, such as a program for calculating 
various kinds of positional deviation amounts and optimal 
process conditions doWn. The main CPU 34 appoints the 
address of the ROM 36, the address of the RAM 35, and 
various types of input-output devices through an address bus 
37. The main CPU 34 monitors the detection signal from the 
light receiver 17 by appropriate timing and controls a light 
emission amount of the light emitter 15 via an emission 
amount control section 38 so as to securely detect degrada 
tions or the like of the conveyer belt 3 and the light emitter 
15 even When the degradation occurs so that the level of the 
light receiving signal from the light receiver 17 is constant 
at all times. 

[0060] The main CPU34 alters a main scanning direction 
resist, a sub-scanning direction resist, and a magni?cation 
error by setting for a Write control substrate 39 as a Write 
control means controlling Writing by the eXposure units 10Y, 
10M, 10C, and 10K based on various correction amounts 
sought in the arithmetic processing of the data from the 
positional deviation detection mark 25 on the occasion of an 
alignment so as to correct a positional deviation of another 
color against the standard color. The Write control substrate 
39 is provided With a device Which can set an output 
frequency very ?nely, for eXample, a clock generator utiliZ 
ing a VCO (Voltage Controlled Oscillator) or the like, for 
each color including the standard color and employs its 
output as an image clock. 

[0061] The main CPU 34 sets process conditions of the 
laser poWers of the eXposure units 10Y, 10M, 10C, and 10K, 
charge biases of the charging units 9Y, 9M, 9C, and 9K, 
development biases of the development units 11Y, 11M, 
11C, and 11K, and the like for the Write control substrate 39, 
a charge bias poWer supply 40 applying charge biases to the 
charging units 9Y, 9M, 9C, and 9K, a development bias 
poWer supply 41 applying development biases to the devel 
opment units 11Y, 11M, 11C, and 11K, and the like, respec 
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tively, based on various correction amounts sought in the 
arithmetic processing of the data from the image density 
regulation mark 26 on the occasion of an image density 
regulation so as to control the process conditions. Thus, the 
main CPU 34 constitutes a control means for controlling the 
main scanning direction resist, the sub-scanning direction 
resist, the magni?cation, and the process condition. 

[0062] FIG. 13 shoWs a processing How of the time of the 
alignment and the image density regulation in the present 
embodiment. The main CPU 34 initialiZes (Zero substitutes) 
a ?ag REG_FLG shoWing that the alignment is required and 
a ?ag PRO_FLG shoWing that the image density regulation 
is required (step S1). Then, the main CPU 34 determines 
Whether or not the alignment is required (step S2) and sets 
a ?ag REG_FLG to 1 (one) (step S3) When the alignment is 
required to proceed to a step S4. The main CPU 34 proceeds 
to the step S4 When the alignment is not required. 

[0063] The main CPU 34 then determines Whether or not 
the image density regulation is required (step S4) and sets a 
?ag PRO_FLG to 1 (one) (step S5) When the image density 
regulation is required to proceed to a step S6. The main CPU 
34 proceeds to the step S6 When the image density regulation 
is not required. The main CPU 34 then determines Whether 
or not the ?ag REG_FLG is 1 and the ?ag PRO_FLG is 1 
(step S6) and controls each section of the present embodi 
ment When REG_FLG is 1 and PRO_FLG is 1 to form both 
marks 25, 26 in the same sequence (step S7). Both the 
positional deviation detection mark 25 and image density 
regulation mark 26 are detected by the detection unit, and 
the detection signal from this detection unit is stored in the 
FIFO memory 31 via the ampli?er 27, the ?lter 28, and the 
A/D converter 29. After the Whole detection for the marks is 
completed, the data stored in the FIFO memory 31 are 
loaded into the main CPU 34 and the RAM 35 via the I/O 
port 32 by the data bus 33 (step S8). 

[0064] Next, the main CPU 34 determines Whether or not 
all alignment marks 25 can be discriminated through the 
data from the alignment marks 25 (step S9). When all the 
alignment marks 25 can be discriminated, the main CPU 34 
performs arithmetic processing of the data from the align 
ment marks 25 and setting for the Write control substrate 39 
described above (step S10) and performs arithmetic process 
ing of the data from the image density regulation mark 26 
and setting for the Write control substrate 39, the charge bias 
poWer supply 40, the development bias poWer supply 41, 
and the like described above (step S11) to return. The main 
CPU 34 proceeds to step S11 When all the alignment marks 
25 cannot be discriminated. 

[0065] When the ?ags REG_FLG and PRO_FLG are both 
not equal to 1, the main CPU 34 determines Whether the ?ag 
REG_FLG is equal to 1 and Whether the ?ag PRO_FLG is 
equal to 0 (Zero) (step S12). When the ?ag REG_FLG is 
equal to 1 and the ?ag PRO_FLG is equal to 0, the main 
CPU 34 controls each section of the present embodiment to 
form only the alignment mark 25 (step S13). The alignment 
mark 25 is detected by the detection unit, and the detection 
signal from this detection unit is stored in the FIFO memory 
31 via the ampli?er 27, the ?lter 28, and the A/D converter 
29. The digital data stored in the FIFO memory 31 are 
loaded into the main CPU 34 and the RAM 35 through the 
I/O port 32 by the data bus 33 (step S14) after the Whole 
detection of the alignment mark 25 is completed. The main 
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CPU 34 then performs the arithmetic processing of the data 
from the alignment mark 25 and the setting for the Write 
control substrate 39 as described above (step S15) to return. 

[0066] When the ?ag REG_FLG is not equal to 1 and the 
?ag PRO_FLG is not equal to 0, the main CPU 34 deter 
mines Whether the ?ag REG_FLG is equal to 0 and Whether 
the ?ag PRO_FLG is equal to 1. When the ?ag REG_FLG 
is equal to 0 and the ?ag PRO_FLG is equal to 1, the main 
CPU 34 controls each section of the present embodiment to 
form only the image density regulation mark 26 (step S17) 
The image density regulation mark 26 is detected by the 
detection unit, and the detection signal from this detection 
unit is stored in the FIFO memory 31 via the ampli?er 27, 
the ?lter 28, and the A/D converter 29. The digital data 
stored in the FIFO memory 31 are loaded into the main CPU 
34 and the RAM 35 through the I/O port 32 by the data bus 
33 (step S18) after the Whole detection of the image density 
regulation mark 26 is completed. The main CPU34 then 
performs the arithmetic processing of the data from the 
image density regulation mark 26 and the setting for the 
Write control substrate 39, the charge bias poWer supply 40, 
the development bias poWer supply 41, and the like as 
described above (step S19) to return. When the ?ag REG 
_FLG is not equal to 0 and the ?ag PRO_FLG is not equal 
to 1, the main CPU 34 returns. 

[0067] With this embodiment, in the color image forming 
apparatus transferring in superimposing one after another 
images of the plurality of colors formed in the plurality of 
image forming units 1Y, 1M, 1C, and 1K forming the plural 
colors of images, respectively, on the transfer paper 2 as a 
recording medium on the conveyer belt 3 as a conveyer body 
to obtain a color image on the recording medium, forming 
a positional deviation detection mark 25 on the conveyer 
body 3 according to the alignment requirement to detect the 
positional deviation detection mark 25, performing an align 
ment for each color by calculating a positional deviation 
amount of a color against a standard color according to its 
detection result and correcting a positional deviation of the 
color against the standard color, forming the image density 
regulation mark 26 on the conveyer body 2 according to the 
image density control requirement to detect the image 
density regulation mark 26, and regulating image density for 
each color according to its detection result, since the color 
image forming apparatus comprises the image forming units 
1Y, 1M, 1C, and 1K, the detection unit, and the main CPU 
34 as means forming and detecting the positional deviation 
detection mark 25 and the image density regulation mark 26 
in the same sequence When the image density control and the 
alignment are simultaneously required, a Waiting time of a 
user can be shortened. 

[0068] Further, When one of either the image density 
control or the alignment are required, since formation and 
detection of one of either the positional deviation detection 
mark 25 or the image density regulation mark 26 is per 
formed according to the one requirement, it is not necessary 
to form and detect both of the positional deviation detection 
mark and the image density regulation mark When one of 
either the image density control or the alignment is required, 
Whereby a toner consumption can be restrained as much as 
possible, reducing the running cost. 

[0069] Moreover, the frequency for sampling the detection 
signal of the image density regulation mark 26 and the 
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frequency for sampling the detection signal of the positional 
deviation detection mark 25 are made different. The fre 
quency for sampling the detection signal of the image 
density regulation mark 26 is less than the frequency for 
sampling the detection signal of the positional deviation 
detection mark 25. As a result, the time taken for calculation 
can be shortened by minimiZing the data number handled as 
much as possible, Whereby the Waiting time of a user can be 
shortened. 

[0070] Furthermore, When the discrimination of the posi 
tional deviation detection mark 25 is impossible, only the 
image density regulation for each color is performed, i.e. the 
alignment for each color is not performed. When the dis 
crimination is possible, the image density regulation for 
each color and the alignment for each color are performed. 
As a result, the alignment can be securely performed. 
Further, When the discrimination of the positional deviation 
detection mark 25 is impossible, the alignment for each 
color is performed after the image density regulation for 
each color is performed. As a result, a clean positional 
deviation detection mark can be formed after the image 
density is regulated, Whereby the alignment can be securely 
performed. 
[0071] The present invention is not limited to the embodi 
ment described above and. For eXample, this invention can 
be applied to a color image forming apparatus transferring in 
superimposing one after another images of a plurality of 
colors formed in a plurality of image forming units on an 
intermediate transfer body to transfer the images on a 
recording medium by a transfer means to ?X them by a ?xing 
unit, forming a positional deviation detection mark on the 
intermediate transfer body to detect the positional deviation 
detection mark, performing an alignment for each color by 
calculating a positional deviation amount of a color against 
a standard color according to its detection result and cor 
recting a positional deviation of the color against the stan 
dard color, forming an image density regulation mark on the 
intermediate transfer body according to an image density 
control requirement to detect the image density regulation 
mark, and regulating image density for each color according 
to its detection result. 

[0072] The present document incorporates by reference 
the entire contents of Japanese priority document, 
11-352745 ?led in Japan on Dec. 13, 1999. 

[0073] Although the invention has been described With 
respect to a speci?c embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modi?cations and 
alternative constructions that may occur to one skilled in the 
art Which fairly fail Within the basic teaching herein set 
forth. 

What is claimed is: 
1. A color image forming apparatus superimposing one 

after another and transferring images of a plurality of colors 
formed in a plurality of image forming units forming the 
plural colors of images, respectively, on a recording medium 
or an intermediate transfer body on a conveyer body to 
obtain a color image on the recording medium, forming a 
positional deviation detection mark on the recording 
medium or the intermediate transfer body according to an 
alignment requirement to detect the positional deviation 
detection mark, performing an alignment for each color by 
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calculating a positional deviation amount of a color against 
a standard color according to its detection result and cor 
recting a positional deviation of the color against the stan 
dard color, forming an image density regulation mark on the 
conveyer body or the intermediate transfer body according 
to an image density control requirement to detect the image 
density regulation mark, and regulating image density for 
each color according to its detection result, 

Wherein the color image forming apparatus comprises a 
unit Which forms and detects the positional deviation 
detection mark and the image density regulation mark 
in the same sequence When the image density control 
and the alignment are simultaneously required. 

2. The color image forming apparatus according to claim 
1, Wherein When a request for only one out of the image 
density control and alignment is received, then only the 
mark corresponding to the requested image density control 
or the alignment is formed and detected. 

3. The color image forming apparatus according to claim 
1, Wherein a frequency for sampling a detection signal of the 
image density regulation mark and a frequency for sampling 
a detection signal of the positional deviation detection mark 
are different, and the frequency for sampling the detection 
signal of the image density regulation mark is smaller than 
the frequency for sampling the detection signal of the 
positional deviation detection mark. 

4. The color image forming apparatus according to claim 
1, Wherein the detection result of the positional deviation 
detection mark is discriminated, and When the discrimina 
tion is impossible, only the image density regulation for each 
color is performed so that the alignment for each color is not 
performed, and When the discrimination is possible, the 
image density regulation for each color and the alignment 
for each color are performed. 

5. The color image forming apparatus according to claim 
4, Wherein When the discrimination is impossible, the align 
ment for each color is performed after the image density 
regulation for each color is performed. 

6. A color image forming apparatus comprising: 

a plurality of image forming units, each one of said image 
forming unit corresponding to a different color, Which 
form superimposing image of different colors on a 
recording medium or on an intermediate transfer body; 

a conveyer unit having a conveyer belt Which supports the 
recording medium, conveys the recording medium to 
the vicinity of each of the image forming units, and 
dispatches the recording medium to the outside When 
the image formation by said image forming units is 
completed; 

a positional deviation detection mark formation control 
unit Which, When receiving a request, orchestrates said 
conveyer unit and said image forming units to form a 
positional deviation detection mark of respective color 
on either said conveyer belt or said intermediate trans 
fer body; 

an image density regulation mark formation control unit 
Which, When receiving a request, orchestrates said 
conveyer unit and said image forming units to form an 
image density regulation mark of respective color on 
either said conveyer belt or said intermediate transfer 
body; 
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a mark detection unit Which detects positions of the 
positional deviation detection marks or densities of the 
image density regulation marks When the positional 
deviation detection marks or densities of the image 
density regulation marks are formed on said conveyer 
belt or said intermediate transfer body; 

an alignment unit Which receives the positions of each of 
the positional deviation detection marks detected by 
said mark detection unit, based on the position of a 
predetermined color calculates a deviation in the posi 
tions of the positional deviation detection marks of the 
other colors, and provides a control so that the posi 
tional deviation detection marks of respective colors 
are formed at speci?c positions With respect to the 
positional deviation detection mark of the predeter 
mined color; and 

a density regulating unit Which receives the densities of 
the image density regulation marks of different colors 
detected by said mark detection unit, based on a pre 
determined density of each color the calculates a devia 
tion in the density of each color, and provides a control 
so that the image density regulation marks of all the 
colors having the predetermined densities are formed, 

Wherein When the request for formation of the positional 
deviation detection marks and the request for the for 
mation of the image density regulation marks is 
received at the same time or at substantially the same 
time, said positional deviation detection mark forma 
tion control unit and said image density regulation 
mark formation control unit orchestrate said conveyer 
unit and said image forming units to form the positional 
deviation detection marks and the image density regu 
lation marks in continuation. 

7. The color image forming apparatus according to claim 
6, said mark detection unit uses signals having different 
frequencies When detecting the positional deviation detec 
tion marks and When detecting the image density regulation 
marks. 

8. The color image forming apparatus according to claim 
6, said mark detection unit uses a signal having a ?rst 
frequency When detecting the positional deviation detection 
marks, and uses a signal having a second frequency Which 
is smaller that the ?rst frequency When detecting the image 
density regulation marks. 

9. The color image forming apparatus according to claim 
6, Wherein When said mark detection unit can not detect the 
positions of the positional deviation detection marks but can 
detect the densities of the image density regulation marks, 
said alignment unit does not perform any control, and said 
density regulating unit provides the control to correct the 
deviation in the densities of each color. 

10. The color image forming apparatus according to claim 
9, Wherein once the control to correct the deviation in the 
densities of each color by said density regulating unit has 
completed, said alignment unit provides the control so that 
the positional deviation detection marks of respective colors 
are formed at speci?c positions With respect to the positional 
deviation detection mark of the predetermined color. 

11. The color image forming apparatus according to claim 
6, Wherein said alignment unit provides the control so that 
the positional deviation detection marks of respective colors 
are formed at speci?c positions With respect to the positional 
deviation detection mark of the predetermined color by 
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controlling the speed of movement of said conveyer belt or 
said intermediate transfer body. 

12. The color image forming apparatus according to claim 
6, Wherein each one of said image forming unit having, 

a photosensitive body having a shape of a drum; 

a charging unit, disposed in the vicinity of said photo 
sensitive body, Which electrically charges said photo 
sensitive body; 

an exposure unit Which illuminates a light on said pho 
tosensitive body; 

a development unit Which develops an electrostatic latent 
image on said photosensitive body to form a toner 
image of corresponding color; and 

a cleaner unit Which cleans said photosensitive body after 
the image is formed on the recording medium. 

13. The color image forming apparatus according to claim 
11, Wherein said alignment unit provides the control so that 
the positional deviation detection marks of respective colors 
are formed at speci?c positions With respect to the positional 
deviation detection mark of the predetermined color by 
controlling said eXposure unit and adjusting the position 
Where the light is illuminated on said photosensitive body. 

14. The color image forming apparatus according to claim 
6, Wherein said mark detection unit having, 

a light emitter; 

a slit having a shape in correspondence to the shape of the 
positional deviation detection marks and the image 
density regulation marks; 

a light receiver; and 

a calculation unit Which performs different types of cal 
culations. 

15. A color image forming method comprising the steps 
of: 

forming superimposing image of different colors on a 
recording medium or on an intermediate transfer body 
using a plurality of image forming units, each one of 
said image forming unit corresponding to a different 
color; 
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conveying the recording medium to the vicinity of each of 
the image forming units using a conveyer belt When 
forming the image of a respective color; 

forming a positional deviation detection mark of respec 
tive color, When receiving a request, using said image 
forming units, on either said conveyer belt or said 
intermediate transfer body; 

forming an image density regulation mark of respective 
color, When receiving a request, using said image 
forming units, on either said conveyer belt or said 
intermediate transfer body; 

detecting the positions of the positional deviation detec 
tion marks or densities of the image density regulation 
marks When the positional deviation detection marks or 
the image density regulation marks are formed on said 
conveyer belt or said intermediate transfer body; 

calculating, based on the position of a predetermined 
color, a deviation in the positions of the positional 
deviation detection marks of the other colors; 

providing a control so that the positional deviation detec 
tion marks of respective colors are formed at speci?c 
positions With respect to the positional deviation detec 
tion mark of the predetermined color; 

calculating, based on a predetermined density of each 
color, a deviation in the density of each color; and 

providing a control so that the image density regulation 
marks of all the colors having the predetermined den 
sities are formed, 

Wherein When the request for formation of the positional 
deviation detection marks and the request for the for 
mation of the image density regulation marks is 
received at the same time or at substantially the same 
time, the steps of formation of the positional deviation 
detection marks and the image density regulation marks 
are preformed in continuation. 


