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(57) ABSTRACT 

An image forming apparatus Which includes the input func 
tion of taking in image data on a document by scanning and 
the output function of forming an image on the basis of the 
image data, includes the generating function of generating a 
?rst gradation pattern With a plurality of density areas, a ?rst 
formation function of correcting the ?rst gradation pattern 
on the basis of a ?rst correction data item previously stored 
to produce a second gradation pattern and forming the 
second gradation pattern on a ?rst image medium by use of 
the output function, the taking-in function of taking in the 
second gradation pattern on the ?rst image medium by use 
of the input function and outputting a third gradation pattern, 
the function of creating a second correction data item used 
to make a correction so that the density in each of a plurality 
of density areas of the third gradation pattern may be 
essentially equal to the density in each of a plurality of 
density areas of the ?rst gradation pattern, the combining 
function of combining the ?rst correction data item and the 
second correction data item to generate a third correction 
data item, and a second formation function of correcting the 
image data entered by the input function on the basis of the 
third correction data item and forming the corrected image 
data on a second image medium. 
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IMAGE FORMING APPARATUS AND METHOD OF 
CORRECTING THE CHARACTERISTIC OF EACH 
BODY BY PRINTING REFERENCE PATTERN IN 
THE MACHINE AND READING THE PRINTED 

PATTERN AGAIN 

BACKGROUND OF THE INVENTION 

[0001] This invention relates an image processing method 
of taking in image data by, for example, reading the image 
on a document With a scanner, performing a speci?c process 
on the input image data, and then outputting the image data 
on paper With an electronic photographic laser printer and an 
image processing apparatus, such as a digital copying 
machine, using the image processing method. 
[0002] With an image processing apparatus, such as a 
digital copying machine’s body dealing With image data, the 
image data read from a document by a reading device, such 
as a scanner, is generally digitiZed, made multivalued, and 
processed according to the purpose, and outputted on an 
output device, such as a laser printer. In this case, because 
of the characteristics of the scanner acting as the input 
device and the photosensitive member and laser optical 
system in the output device, the desired result cannot be 
obtained Without correction. 

[0003] In general, to correct the characteristic of the entire 
system, including the characteristics of the scanner of the 
input device and the photosensitive member and laser opti 
cal system in the output device, a gradation correction table 
used to correct the characteristic of the entire system before 
hand is stored in a memory such as a ROM. The character 
istic is corrected by referring to the table. In another 
approach, each image processing device’s body is forced to 
output a thing from Which the gradation characteristic can be 
knoWn, such as a test print. The test print is then supplied to 
the input device. From the inputted data, a characteristic 
correction table for correcting the gradation characteristic is 
formed. The gradation characteristic is corrected to by 
reference to the table. 

[0004] Even if the characteristics of the input device, the 
output device, and the like are obtained beforehand and 
stored in such a memory as a ROM and a correction is made 
by reference to the correction data, it is dif?cult to make a 
correction appropriate for each image processing apparatus 
because the characteristics of the scanner, photosensitive 
member, and laser optical system differ from one image 
processing apparatus to another. 

[0005] To make a correction for each image processing 
apparatus, the gradation data internally generated in the 
image processing apparatus is printed at the printer section 
to provide a hard copy. The hard copy is read by the same 
image processing apparatus that has generated the gradation 
data. From the read data, the characteristic correction data 
for correcting the characteristics of the input device and 
output device is obtained. This approach is very effective 
theoretically. 
[0006] Actually, hoWever, When data on each gradation is 
obtained by generating gradation data, outputting it on the 
printer section acting as the output device, and supplying the 
outputted gradation data to the input device, the relationship 
betWeen the gradation data sent to the output device and that 
supplied to the input device plotted on the ordinate and 
abscissa axes is not ideal. Examples of the data are shoWn 
in FIGS. 9 and 10. 
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[0007] As shoWn in the examples, When the data rises 
sharply or the data contains a part lying as if it Were almost 
parallel With the abscissa, small noise (the portion indicated 
by “a” in FIG. 9 or the portion indicated by “b” in FIG. 10) 
may make the characteristic correction data discontinuous or 
cause the reversal of numerical values in the parts close to 
the abscissa and ordinate axes. 

[0008] It is very easy for a person to correct the discon 
tinuity or reversal of the data due to noise, While seeing it 
With his or her eyes. It is very dif?cult, hoWever, to do the 
same thing using calculating expressions. Actually, because 
of such noises, the characteristic correction data cannot be 
created exactly. 

[0009] This causes the problem of being unable to get the 
linearity as expected theoretically, even if the gradation data 
is corrected for each digital copying machine. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The object of the present invention is to provide an 
image processing apparatus for and method of creating ideal 
characteristic correction data and achieving high shading 
reproducibility Without being affected by the discontinuity 
of the data and the reversal of numerical values caused by 
noise in creating characteristic correction data used to cor 
rect the input and output characteristics of the entire image 
processing system. 

[0011] The foregoing object is accomplished by providing 
an image forming apparatus Which includes the input func 
tion of taking in image data on a document by scanning and 
the output function of forming an image on the basis of the 
image data, the image forming apparatus comprising: means 
for generating a ?rst gradation pattern With a plurality of 
density areas; ?rst formation means for correcting the ?rst 
gradation pattern on the basis of a ?rst correction data item 
previously stored to produce a second gradation pattern and 
forming the second gradation pattern on a ?rst image 
medium by use of the output function; means for taking in 
the second gradation pattern on the ?rst image medium by 
use of the input function and generating a third gradation 
pattern; means for creating a second correction data item 
used to make a correction so that the density in each of a 
plurality of density areas of the third gradation pattern may 
be essentially equal to the density in each of a plurality of 
density areas of the ?rst gradation pattern; combining means 
for combining the ?rst correction data item and the second 
correction data item to generate a third correction data item; 
and second formation means for correcting the image data 
entered by the input function on the basis of the third 
correction data item and forming the corrected image data 
on a second image medium. 

[0012] With the above con?guration, the present invention 
produces the folloWing effect. To create correction data used 
to correct the gradation characteristic for each model of 
copying machine, a gradation pattern P1 serving as an ideal 
reference in a digital copying machine is generated (see 
FIG. 16). The gradation pattern P1 is corrected using a ?rst 
correction data item f1 and then printed so that it may be 
used to correct the deviation in the output system including 
the printer section to provide an ideal relationship betWeen 
the input and the output. The printed gradation pattern P2 is 
read by the scanner, Which produces a third gradation pattern 
P3 including the de?ection in the input system including the 
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scanner section. Next, a second correction data item f2 used 
to make a correction so that the third gradation pattern P3 
may be equivalent to the ?rst gradation pattern P1 acting as 
the original reference. Speci?cally, a combination data is 
obtained on the basis of the prepared ?rst correction data f1 
and the made second correction data f2. The combination of 
correction data items f1 and fl is determined to be a third 
correction data item f3 used to correct the de?ection in the 
entire machine of the model. In an ordinary process, a 
document image is inputted and corrected using the third 
correction data item. This removes the de?ection in both of 
the input system including the scanner section and the output 
section including the printer section, or the de?ection in the 
entire machine. Therefore, it is possible to provide a digital 
copying machine that makes a correction, taking into 
account the de?ection in the machine itself, and reproduces 
the gradation density of the image of the document With 
?delity. 

[0013] The foregoing object is also accomplished by pro 
viding a method of correcting the gradation characteristic of 
an image forming apparatus Which includes the input func 
tion of taking in image data on a document by scanning and 
the output function of forming an image on the basis of the 
image data, the method includes the step of generating a ?rst 
gradation pattern With a plurality of density areas; a ?rst 
formation step of correcting the ?rst gradation pattern on the 
basis of a ?rst correction data item previously stored to 
produce a second gradation pattern and forming the second 
gradation pattern on a ?rst image medium by use of the 
output function; the step of taking in the second gradation 
pattern on the ?rst image medium by use of the input 
function and generating a third gradation pattern; a step of 
creating a second correction data item used to make a 
correction so that the density in each of a plurality of density 
areas of the third gradation pattern may be essentially equal 
to the density in each of a plurality of density areas of the 
?rst gradation pattern; and a combining step of combining 
the ?rst correction data item and the second correction data 
item to generate a third correction data item. 

[0014] Like the image forming apparatus, the method of 
correcting the gradation characteristic of the present inven 
tion makes it possible to provide an image forming appa 
ratus capable of reproducing a gradation image With ?delity 
by making the second correction data f2 and composing the 
?rst and second correction data f1, f2. 

[0015] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0016] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments give 
beloW, serve to eXplain the principles of the invention. 
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[0017] FIG. 1 is a side vieW of the internal con?guration 
of a digital copying machine according to a ?rst embodiment 
of the present invention; 

[0018] FIG. 2 is a schematic block diagram of the digital 
copying machine of FIG. 1; 

[0019] FIG. 3 is a block diagram of the image processing 
section; 
[0020] FIG. 4 is a ?oWchart to help eXplain a character 
istic correction method in the image processing section; 

[0021] FIG. 5 shoWs an eXample of a gradation pattern 
outputted on paper to provide a hard copy; 

[0022] FIG. 6 shoWs a ?rst correction data item used to 
correct the gradation characteristic of the gradation pattern; 

[0023] FIG. 7 is a draWing to help eXplain an area Where 
the value of each gradation in the inputted gradation pattern 
is sampled; 

[0024] FIG. 8 shoWs the relationship betWeen the value of 
each gradation in the resulting gradation pattern When the 
hard copy obtained by correcting the characteristic of the 
gradation pattern internally generated in the image process 
ing section is supplied to the scanner section and the value 
of each gradation in the gradation pattern generated in the 
image processing section; 
[0025] FIG. 9 shoWs a problematic data item in the 
relationship betWeen the internally generated gradation pat 
tern and the resulting gradation pattern obtained When the 
outputted gradation pattern is supplied to the input device; 

[0026] FIG. 10 shoWs another problematic data item 
differing from that of FIG. 9 in the relationship betWeen the 
internally generated gradation pattern and the resulting 
gradation pattern obtained When the outputted gradation 
pattern is supplied to the input device; 

[0027] FIG. 11 is a side vieW of the internal con?guration 
of a digital color copying machine according to a second 
embodiment of the present invention; 

[0028] FIG. 12 is a block diagram of the digital color 
copying machine; 
[0029] FIG. 13 is a block diagram of the color image 
processing section of the digital color copying machine; 

[0030] FIG. 14 is a ?oWchart to help eXplain a method of 
correcting the characteristic in the second embodiment; 

[0031] FIG. 15 shoWs an eXample of a color gradation 
pattern outputted on paper to provide a hard copy; 

[0032] FIG. 16 is a conceptual diagram to help eXplain the 
principle of the present invention; and 

[0033] FIG. 17 shoWs an eXample of the display of the 
operation panel on Which the desired correction data item is 
to be selected. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] Hereinafter, referring to the accompanying draW 
ings, embodiments of the present invention Will be 
explained. 

[0035] 1. Con?guration 



US 2001/0012110 A1 

[0036] FIG. 1 shows the internal con?guration of a digital 
copying machine as an example of an image processing 
apparatus according to a ?rst embodiment of the present 
invention. The digital copying machine is, for example, a 
composite copying machine having three functions: the 
function of a copying machine, that of a facsimile, and that 
of a printer. 

[0037] In FIG. 1, a scanner section 4 acting as an input 
device and a reading device and a printer section 6 acting as 
an output device and an image forming device are provided 
in the apparatus body 10. 

[0038] On the top of the apparatus body 10, there is 
provided a document table 12 composed of a transparent 
glass on Which a document D to be read is placed. On the top 
of the apparatus body 10, too, there is provided an automatic 
document feed 7 (hereinafter, abbreviated as ADF) that 
automatically feeds the document D onto the document table 
12. The ADF 7 is provided on the document table 12 so that 
it can open and close and also functions as a document 
Weight that forces the document D to come in close contact 
With the document table 12. 

[0039] The ADF 7 is composed of a document tray 8 in 
Which the document D is set, an empty sensor 9 for sensing 
the presence or absence of a document, a pickup roller 14 for 
picking up the document D sheet by sheet from the docu 
ment tray 8, a paper feed roller 15 for transporting the 
picked-up document D, an aligning roller pair 16 for align 
ing the leading edge of the document D, and a transport belt 
18 provided in a manner that covers almost all the top of the 
document table 12. A plurality of documents D set in the 
document tray 8 face up is picked out, starting With the 
bottommost page, or the last page. The picked-out page is 
positioned in place by the aligning roller pair 16 and then 
transported by the transport belt 18 to a speci?c position on 
the document table 12. 

[0040] In the ADF 7, at the end of the opposite side of the 
aligning roller pair 16 across the transport belt 18, a revers 
ing roller 20, a non-reversing roller 21, a ?apper 22, and a 
discharge roller 23 are provided. The document D from 
Which the image data has been read by the scanner section 
4 is transported by the transport belt 18 from the top of the 
document table 12 and discharged onto a document dis 
charge section 24 on the top of the ADF 7 via the reversing 
roller 20, ?apper 22, and discharge roller 23. To read the 
reverse side of the document D, sWitching the ?apper 22 
causes the reversing roller 20 to reverse the document D 
transported by the transport belt 18. Thereafter, the transport 
belt 18 carries it to a speci?c position on the document table 
12. 

[0041] The scanner section 4 provided in the apparatus 
body 10 includes an exposure lamp 25 serving as a light 
source that illuminates the document D on the document 
table 12 and a ?rst mirror 26 for re?ecting the re?ected light 
from the document D in a speci?c direction. The exposure 
lamp 25 and ?rst mirror 26 are provided on a ?rst carriage 
27 provided beloW the document table 12. The ?rst carriage 
27 is provided so as to move in parallel With the document 
table 12. The ?rst carriage is moved back and forth beloW 
the document table 12 by a driving motor via a toothed belt 

(not shoWn). 
[0042] BeloW the document table 12, a second carriage 28 
is provided so as to move in parallel With the document table 
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12. On the second carriage 28, a second and third mirrors 30 
and 31 that re?ect, in that order, the light from the document 
D re?ected by the ?rst mirror 26 are provided at right angles 
to each other. The second carriage 28 is moved by the 
toothed belt driving the ?rst carriage so that it may folloW 
the movement of the ?rst carriage 27 in such a manner that 
it moves in parallel With the document table 12 at a speed 
half that of the ?rst carriage. 

[0043] BeloW the document table 12, there are provided an 
image forming lens 32 for concentrating the re?ected light 
from the third mirror 31 on the second carriage 28 and a 
CCD line sensor 34 acting as a photoelectric conversion 
device for receiving the re?ected light converged by the 
image forming lens 32 and converting it photoelectrically. 
The image forming lens 32 is provided in a plane including 
the optical axis of the light re?ected from the third mirror 31 
in such a manner that it can move via a driving mechanism. 
The movement of the image forming lens enables the 
re?ected light to form an image at the desired magni?cation. 
Then, the line sensor 34 converts the incident re?ected light 
photoelectrically and outputs the electric signal correspond 
ing to the read document D. 

[0044] The printer section 6 includes a laser exposure 
device 40 acting as a latent image forming device. The laser 
exposure device 40 comprises a semiconductor laser oscil 
lator 41 acting as a light source, a polygon mirror 36 serving 
as a scanning member for continuously de?ecting the laser 
light emitted from the semiconductor laser oscillator 41, a 
polygon motor 37 acting as a scanning motor for rotating the 
polygon mirror 36 at the speci?ed number of revolutions 
explained later, and an optical system 42 for de?ecting the 
laser light from the polygon mirror 36 and directing it to the 
photosensitive drum 44. The laser exposure device 40 hav 
ing such a construction is ?xed to a support frame (not 
shoWn) of the apparatus body 10. 

[0045] The semiconductor laser oscillator 41 is turned on 
and off according to image data on the document D read by 
the scanner section 4 or data on the document transmitted or 
received by facsimile. The laser light is directed to the 
photosensitive drum 44 via the polygon mirror 36 and 
optical system 42. Exposing and scanning the peripheral 
surface of the photosensitive drum 44, the laser light forms 
an electrostatic latent image on the peripheral surface of the 
photosensitive drum 44. 

[0046] The printer section 6 also has the fully rotary 
photosensitive drum 44 acting as an image-retaining mem 
ber provided almost in the center of the apparatus body 10. 
The peripheral surface of the photosensitive drum 44 is 
exposed and scanned by the laser light from the laser 
exposure device 40, thereby forming the desire latent image. 
Around the photosensitive drum 44, there are provided, in 
this order, an electri?cation charger 45 for electrifying the 
peripheral surface of the photosensitive drum 44 With a 
speci?c charge, a developing unit 46 acting as a developing 
device for supplying toner acting as a developer to the 
electrostatic latent image formed on the photosensitive drum 
44 to develop the image With the desired image density, a 
peeling charger 47 for peeling from the photosensitive drum 
44 a paper sheet P serving as an image forming medium 
supplied from a paper feed cassette explained later, a transfer 
charger 48 for transferring the toner image formed on the 
photosensitive drum 44 to the paper sheet P, a peeling claW 
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49 for peeling the paper sheet P from the peripheral surface 
of the photosensitive drum 44, a cleaning device 50 for 
removing the remaining toner from the peripheral surface of 
the photosensitive drum 44, and a discharger 51 for dis 
charging the peripheral surface of the photosensitive drum 

[0047] In the loWer part of the apparatus body 10, an 
upper-stage paper feed cassette 52, a middle-stage paper 
feed cassette 53, a loWer-stage paper feed cassette 54 are 
stacked one on top of another in a removable manner. In 
each of the paper feed cassettes 52 to 54, sheets of paper P 
of different siZes are loaded. On the side of these paper feed 
cassettes 52 to 54, a large-capacity feeder 55 is provided. 
The large-capacity feeder 55 houses sheets of paper P of a 
frequently used siZe, for example, about 3000 sheets of 
paper of siZe A4. Above the large-capacity feeder 55, a paper 
feed cassette 57 also serving as a manual feed tray 56 is 
provided in a detachable manner. 

[0048] In the apparatus body 10, a transport path 58 
extends from each of the paper feed cassettes 52 to 54 and 
the large-capacity feeder 55 and passes through the transfer 
section betWeen the photosensitive drum 44 and the transfer 
charger 48. At the end of the transport path 58, a ?xing 
device 60 With a ?xing lamp 60a is provided. In the sideWall 
of the apparatus body 10 facing the ?xing device 60, an 
outlet 61 is formed. In the outlet 61, the single-tray ?nisher 
150 is installed. 

[0049] In the vicinity of not only the upper-stage paper 
feed cassette 52, middle-stage paper feed cassette 53, and 
loWer-stage paper feed cassette 54 but also the large-capac 
ity feeder 55, there is provided a pickup roller 63 for picking 
up paper sheets P one by one from the paper feed cassettes 
52, 54, 57 or large-capacity feeder 57. In the transport path 
58, there are provided a large number of paper feed roller 
pairs 64 for transporting the paper sheet P picked up by the 
pickup roller 63 over the transport path 58. 

[0050] In the transport path 58, a resist roller pair 65 is 
provided on the upstream side of photosensitive drum 44. 
The resist roller pair 65 corrects the inclination of the 
picked-up paper sheet P aligns the leading edge of the toner 
image on the photosensitive drum 44 With the leading edge 
of the paper sheet P. The resist roller pair then supplies the 
paper sheet P to the transfer section at the same speed as the 
moving speed of the peripheral surface of the photosensitive 
drum 44. In front of the resist roller pair 65, or on the side 
of the paper feed roller 64, a pre-aligning sensor 66 for 
sensing the arrival of the paper sheet P is provided. 

[0051] The paper sheet P picked up one by one by the 
pickup roller 63 from one of the paper feed cassettes 52 to 
54, 57 or the large-capacity feeder 55 is sent to the resist 
roller pair 65 by the paper feed roller pair 64. Then, the 
leading edge of the paper sheet P is positioned in place by 
the resist roller pair 65 and thereafter the sheet is sent to the 
transfer section. 

[0052] In the transfer section, the developer image, or the 
toner image, formed on the photosensitive drum 44 is 
transferred onto the paper sheet P by the transfer charger 48. 
The paper sheet P on Which the toner image has been 
transferred is peeled from the peripheral surface of the 
photosensitive drum 44 by the action of the peeling charger 
47 and peeling claW 49. The peeled sheet is transferred to the 
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?xing device 60 via a transport belt 67 forming part of the 
transport path 52. After the ?xing device 60 melt-?xes the 
developer image onto the paper sheet P, the sheet P is passed 
through the outlet 61 by a paper feed roller pair 68 and a 
discharge roller pair 69 and is delivered onto a ?nisher 150. 

[0053] BeloW the transport path 58, an automatic revers 
ing device 70 for reversing the paper sheet P passed through 
the ?xing device 60 and sending back the sheet to the resist 
roller pair 65. The automatic reversing device 70 includes a 
temporal accumulation section 71 for temporarily accumu 
lating the paper sheets P, a reversing path 72 that branches 
off the transport path 58 and that reverses the paper sheet P 
passed through the ?xing device 60 and directs it to the 
temporal accumulation section 71, a pickup roller 73 for 
picking up the paper sheets P one by one from the temporal 
accumulation section 71, and a paper feed roller 75 for 
supplying the picked-up paper sheet P to the resist roller pair 
65 via the transport path 74. At the branching section 
betWeen the transport path 58 and the reversing section 72, 
an apportioning gate 76 for apportioning the paper sheet P 
to the outlet 61 or to the reversing path 72. 

[0054] To copy the document on both sides of paper, the 
paper sheet P passed through the ?xing device 60 is directed 
by the apportioning gate 76 to the reversing path 72. Then, 
the sheet is temporarily accumulated in the temporal accu 
mulation section 71 With the back of the sheet upWard. 
Thereafter, the sheet is sent by the pickup roller 73 and paper 
feed roller pair 57 to the resist roller pair 65 via the transport 
path 74. After the paper sheet P is positioned in place by the 
resist roller pair 65, it is sent back to the transfer section, 
Which transfers the toner image onto the back of the paper 
sheet P. Then, the paper sheet P is delivered to the ?nisher 
150 via the transport path 58, ?xing device 60, and discharge 
roller 69. 

[0055] The ?nisher 150 staples the delivered documents in 
units of a copy and accumulates them. Each time a sheet of 
paper P to be stapled is delivered from the outlet 61, a guide 
bar 151 moves the sheet to the side on Which it is to be 
stapled and aligns it. After all the sheets have been delivered, 
a paper clamp arm 152 holds doWn a copy of paper sheets 
P delivered and a stapler unit (not shoWn) staples it. 

[0056] Thereafter, the guide bar 151 goes doWn and the 
stapled paper sheets P are delivered in units of a copy by a 
?nisher discharge roller 155 to a ?nisher delivery tray 154. 
HoW much the ?nisher delivery tray 154 goes doWn is 
determined to some extent by the number of paper sheets P 
discharged. Each time a copy of document is delivered, the 
tray goes doWn stepWise. The guide bar 151 for aligning the 
discharged paper sheet P is located at such a height as 
prevents the bar from coming into contact With the stapled 
paper sheets P on the ?nisher delivery tray 154. 

[0057] The ?nisher delivery tray 154 is connected to a 
shift mechanism (not shoWn) that shifts the documents copy 
by copy (for example, in four directions: the front, the rear, 
the right, and the left) in the sort mode. 

[0058] In the upper part of the front of the apparatus body 
10, there is provided an operation panel (not shoWn) is 
provided Which not only is used to enter various copy 
conditions and instructions including a copy start instruction 
to start a copy operation but also displays operation statuses. 

[0059] FIG. 2 is a schematic block diagram of the digital 
copying machine of FIG. 1. In FIG. 2, the control system is 






















