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IMAGE FORMING APPARATUS BRIEF DESCRIPTION OF THE DRAWINGS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

9 

[ 0001 ] This patent application is based on and claims 
priority pursuant to 35 U.S.C. $ 119 ( a ) to Japanese Patent 
Application Nos . 2020-154573 , filed on Sep. 15 , 2020 , and 
2021-101989 , filed on Jun . 18 , 2021 , in the Japan Patent 
Office , the entire disclosure of each of which is hereby 
incorporated by reference herein . 

BACKGROUND 

Technical Field 

[ 0002 ] Embodiments of the present disclosure relate to an 
image forming apparatus for forming an image on a record 
ing medium . a 

[ 0006 ] Amore complete appreciation of the disclosure and 
many of the attendant advantages and features thereof can be 
readily obtained and understood from the following detailed 
description with reference to the accompanying drawings , 
wherein : 
[ 0007 ] FIG . 1 is a block diagram illustrating a hardware 
configuration of an image forming apparatus according to an 
embodiment of the present disclosure ; 
[ 0008 ] FIG . 2 is a diagram illustrating a hardware con 
figuration of a printer engine of the image forming apparatus 
of FIG . 1 ; 
[ 0009 ] FIG . 3 is a perspective view of an image density 
sensor of the image forming apparatus of FIG . 1 ; 
[ 0010 ] FIG . 4 is a schematic diagram illustrating an inter 
nal structure of the image density sensor of FIG . 3 as viewed 
in a direction perpendicular to a main scanning direction ; 
[ 0011 ] FIG . 5 is a functional block diagram of the image 
forming apparatus of FIG . 1 ; 
[ 0012 ] FIG . 6A is a diagram illustrating a pattern image 
that is used in a correction value calculating process ; FIG . 
6B is a diagram illustrating another pattern image that is 
used in a correction value calculating process ; 
[ 0013 ] FIG . 7 is a flowchart of a correction value calcu 
lating process according to an embodiment of the present 
disclosure ; and 
[ 0014 ] FIG . 8 is a flowchart of a correction value correct 
ing process according to an embodiment of the present 
disclosure . 
[ 0015 ] The accompanying drawings are intended to depict 
embodiments of the present disclosure and should not be 
interpreted to limit the scope thereof . The accompanying 
drawings are not to be considered as drawn to scale unless 
explicitly noted . Also , identical or similar reference numer 
als designate identical or similar components throughout the 
several views . 

Related Art 

[ 0003 ] Various types of image forming apparatuses are 
known , including copiers , printers , facsimile machines , and 
multifunction machines having two or more of copying , 
printing , scanning , facsimile , plotter , and other capabilities . 
Such image forming apparatuses usually form an image on 
a recording medium according to image data . Specifically , in 
such image forming apparatuses , for example , a charger 
uniformly charges a surface of a photoconductor as an image 
bearer . An optical writer irradiates the surface of the pho 
toconductor thus charged with a light beam to form an 
electrostatic latent image on the surface of the photocon 
ductor according to the image data . A developing device 
supplies toner to the electrostatic latent image thus formed 
to render the electrostatic latent image visible as a toner 
image . The toner image is then transferred onto a recording 
medium either directly or indirectly via an intermediate 
transfer belt . Finally , a fixing device applies heat and pres 
sure to the recording medium bearing the toner image to fix 
the ner image onto the recording medium . Thus , an image 
is formed on the recording medium . 
[ 0004 ] Such image forming apparatuses may detect , with 
a line sensor , a position detection mark formed on a record 
ing medium to correct an image position on a recording 
medium . 

DETAILED DESCRIPTION 

SUMMARY 

[ 0005 ] In one embodiment of the present disclosure , a 
novel image forming apparatus includes a rotatable image 
bearer , a transfer rotator , a detector , and circuitry . The image 
bearer bears an image . The transfer rotator transfers the 
image from the image bearer onto a recording medium 
sandwiched and conveyed between the image bearer and the 
transfer rotator . The detector detects length information 
indicating a length , in a direction of conveyance of the 
recording medium , of the image on the recording medium . 
The circuitry corrects a correction value , based on the length 
information detected by the detector and a target value of the 
length information , to correct an image magnification , in the 
direction of conveyance of the recording medium , of the 
image to be formed on the recording medium . The circuitry 
controls an image forming operation of forming the image 
on the recording medium with the correction value . 

[ 0016 ] In describing embodiments illustrated in the draw ings , specific terminology is employed for the sake of clarity . 
However , the disclosure of this specification is not intended 
to be limited to the specific terminology so selected and it is 
to be understood that each specific element includes all 
technical equivalents that have a similar function , operate in 
a similar manner , and achieve a similar result . As used 
herein , the singular forms “ a , ” “ an , ” and “ the ” are intended 
to include the plural forms as well , unless the context clearly 
indicates otherwise . 
[ 0017 ] In a later - described comparative example , embodi 
ment , and exemplary variation , for the sake of simplicity , 
like reference numerals are given to identical or correspond 
ing constituent elements such as parts and materials having 
the same functions , and redundant descriptions thereof are 
omitted unless otherwise required . 
[ 0018 ] It is to be noted that , in the following description , 
suffixes Y , M , C , and K denote colors of yellow , magenta , 
cyan , and black , respectively . To simplify the description , 
these suffixes are omitted unless necessary . 
[ 0019 ] Referring to the drawings , wherein like reference 
numerals designate identical or corresponding parts 
throughout the several views , embodiments of the present 
disclosure are described below . 
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[ 0020 ] Initially with reference to FIG . 1 , a description is 
given of a configuration of an image forming apparatus 1 
according to an embodiment of the present disclosure . 
[ 0021 ] FIG . 1 is a block diagram illustrating a hardware 
configuration of the image forming apparatus 1 according to 
the present embodiment . 
[ 0022 ] As illustrated in FIG . 1 , the image forming appa 
ratus 1 of the present embodiment includes a central pro 
cessing unit ( CPU ) 10 serving as a control unit or a correc 
tion unit , a read only memory ( ROM ) 20 , a random access 
memory ( RAM ) 30 , a hard disk drive ( HDD ) 40 , an external 
communication interface ( I / F ) 50 , a control panel 60 , an 
image density sensor 70 , and a printer engine 100. The 
image forming apparatus 1 further includes a system bus 80 
that connects the CPU 10 , the ROM 20 , the RAM 30 , the 
HDD 40 , the external communication I / F 50 , the control 
panel 60 , the image density sensor 70 , and the printer engine 
100 to each other . 
[ 0023 ] The CPU 10 controls the operation of the image 
forming apparatus 1. Specifically , the CPU 10 loads pro 
grams stored in the ROM 20 or the HDD 40 onto the RAM 
30 as a work area , to execute the programs to control the 
operation of the image forming apparatus 1 as a whole such 
that the image forming apparatus 1 implements various 
functions such as copying , scanning , facsimile , and printing 
functions . 
[ 0024 ] The ROM 20 is a nonvolatile semiconductor 
memory that is capable of retaining data even after the 
power is turned off . The RAM 30 is a volatile semiconductor 
memory that temporarily stores programs and data . The 
HDD 40 is a nonvolatile memory storing programs and data . 
Examples of the programs stored in the HDD 40 include , but 
are not limited to , an operating system ( OS ) , as basic 
software for controlling the operation of the image forming 
apparatus 1 as a whole , various application programs that 
function on the OS , data for setting , e.g. , operating condi 
tions for the copying , scanning , facsimile , and printing 
functions . 
[ 0025 ] The external communication I / F 50 is an interface 
that connects the image forming apparatus 1 to a network 
such as the Internet or a local area network ( LAN ) . The 
image forming apparatus 1 receives , e.g. , a print instruction 
and image data from an external device via the external 
communication I / F 50 . 
[ 0026 ] The control panel 60 receives various inputs 
according to operations by , e.g. , a user on one hand . On the 
other hand , the control panel 60 displays various types of 
information such as information indicating an operation 
received , information indicating an operating status of the 
image forming apparatus 1 , and information indicating a 
current configuration of the image forming apparatus 1. In 
the present example , the control panel 60 is a liquid crystal 
display ( LCD ) having a touch panel function . However , the 
control panel 60 is not limited to such an LCD . Alternatively , 
for example , the control panel 60 may be an organic 
electroluminescence ( EL ) display having a touch panel 
function . In alternative to or in addition to the LCD or the 
EL display , the control panel 60 may include an operation 
device such as hardware keys and / or a display such as an 
indicator lamp . The control panel 60 is controlled by the 
CPU 10 . 
[ 0027 ] The printer engine 100 is a hardware component 
that implements an image forming operation . In the present 

example , the printer engine 100 forms an image by electro 
photography . The printer engine 100 is controlled by the 
CPU 10 . 
[ 0028 ] The image forming apparatus 1 may include spe 
cific optional devices such as a finisher that sorts printed 
sheets ( i.e. , printed recording media ) and an automatic 
document feeder ( ADF ) that automatically feeds a docu 
ment . 
[ 0029 ] The image forming apparatus 1 may further include 
an external interface to read or write data from or to an 
external storage medium such as a compact disk ( CD ) , a 
digital versatile disk ( DVD ) , a secure digital ( SD ) memory 
card , or a universal serial bus ( USB ) memory via the 
external interface . 
[ 0030 ] Note that the programs stored in the ROM 20 or the 
HDD 40 are processable by a computer . The programs may 
be installed in the ROM 20 or the HDD 40 at the time of 
manufacturing or shipping of the image forming apparatus 
1. Alternatively , the programs may be installed in the ROM 
20 or the HDD 40 after the sale of the image forming 
apparatus 1. In this case , the programs may be installed in 
the ROM 20 or the HDD 40 via an external storage medium 
drive from an external storage medium storing the programs 
or program code . Alternatively , the programs may be 
installed in the ROM 20 or the HDD 40 via the network , 
with the external communication I / F 50 . 
[ 0031 ] FIG . 2 is a diagram illustrating a hardware con 
figuration of the printer engine 100. FIG . 2 illustrates the 
control panel 60 and the image density sensor 70 for the sake 
of description . 
[ 0032 ] The printer engine 100 is disposed in a housing 90 
of the image forming apparatus 1. The printer engine 100 
includes an exposure device 101 , an image forming device 
102 , a transfer device 103 , and a fixing device 104. The 
control panel 60 is disposed atop the housing 90 . 
[ 0033 ] The image forming device 102 includes photocon 
ductors 120y , 120k , 120m , and 120c serving as latent image 
bearers for yellow ( Y ) , black ( K ) , magenta ( M ) , and cyan 
( C ) , respectively . The image forming device 102 further 
includes developing devices 121y , 121k , 121m , and 121c for 
yellow ( Y ) , black ( K ) , magenta ( M ) , and cyan ( C ) , respec 
tively . The image forming device 102 further includes 
chargers 122y , 122k , 122m , and 122c for yellow ( Y ) , black 
( K ) , magenta ( M ) , and cyan ( C ) , respectively . 
[ 0034 ] The transfer device 103 includes , e.g. , an interme 
diate transfer belt 130 serving as an image bearer and an 
intermediate transferor and a secondary transfer belt 133 
serving as a transfer rotator . The fixing device 104 includes , 
e.g. , a fixing rotator 141 and an output roller 142 . 
[ 0035 ] With continued reference to FIG . 2 , a description is 
given of the operation of the printer engine 100 . 
[ 0036 ] The exposure device 101 exposes the photocon 
ductors 120y , 120k , 120m , and 120c of the image forming 
device 102. In other words , the exposure device 101 emits 
writing light to write a latent image onto each of the 
photoconductors 120y , 120k , 120m , and 120c according to image data . Specifically , the exposure device 101 selectively 
emits a light beam , by a writing light amount corresponding 
to the image density , to a write position according to an 
image pattern of the image data . The writing light is , e.g. , 
light from a laser light source or a light emitting diode 
( LED ) light source . In the present example , a laser light 
source including laser diodes ( LDs ) emits the writing light . 
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[ 0037 ] Now , a detailed description is given of the opera 
tion of the exposure device 101 that emits a light beam BM 
from the laser light source . The light beam BM emitted from 
the laser light source is deflected by a polygon mirror 110 
and strikes scanning lenses 111a or 111b each including an 
fo lens . Specifically , the light beam BM corresponding to 
yellow ( Y ) , black ( K ) , magenta ( M ) , and cyan ( C ) color 
images in number is generated as light beams YKMC , 
namely , a yellow light beam Y , a black light beam K , a 
magenta light beam M , and a cyan light beam C. After 
passing through the scanning lenses 111a or 111b , the light 
beams YKMC are reflected by the corresponding reflection 
mirrors 112y , 112k , 112m , and 112c . For example , the yellow 
light beam Y passes through the scanning lens 111a and is 
reflected by the reflection mirror 112y to strike a WTL lens 
113y . Similarly , the black light beam K passes through the 
scanning lens 111a and is reflected by the reflection mirror 
112k to strike a WTL lens 113k . On the other hand , the 
magenta light beam M and the cyan light beam C pass 
through the scanning lens 111b and are reflected by the 
reflection mirrors 112m and 112c to strike WTL lenses 113m 
and 113c , respectively . 
[ 0038 ] The WTL lenses 113y , 113k , 113m , and 113c shape 
the incident light beams YKMC , respectively . Thereafter , 
the WTL lenses 113y , 113k , 113m , and 113c deflect the light 
beams YKMC to reflection mirrors 114y , 114k , 114m , and 
114c , respectively . The light beams YKMC reflected by the 
reflection mirrors 114y , 114k , 114m , and 114c are further 
reflected by reflection mirrors 115y , 115k , 115m , and 115c to 
finally reach the photoconductors 120y , 120k , 120m , and 
120c , respectively . Thus , the exposure device 101 exposes or 
irradiates the photoconductors 120y , 120k , 120m , and 120C 
with the light beams YKMC , respectively . Specifically , the 
exposure device 101 irradiates the photoconductors 120y , 
120k , 120m , and 120c with the light beams YKMC in a main 
scanning direction and a sub - scanning direction with respect 
to the photoconductors 120y , 120k , 120m , and 120c in 
synchronized timing . The main scanning direction with 
respect to the photoconductors 120y , 120k , 120m , and 120c 
is herein defined as a scanning direction of the light beams 
YKMC ; whereas the sub - scanning direction is herein 
defined as a direction perpendicular to the main scanning 
direction , in other words , as a direction in which the pho 
toconductors 120y , 120k , 120m , and 120c rotate . 
[ 0039 ] The photoconductors 120y , 120k , 120m , and 120c 
are , e.g. , drum - shaped photoconductors elongated in the 
main scanning direction and may be referred to as photo 
conductor drums . Each of the photoconductors 120y , 120k , 
120m , and 120c of the present embodiment includes , on a 
conductive drum made of , e.g. , aluminum , a photoconduc 
tive layer including at least a charge generation layer and a 
charge transport layer . The chargers 122y , 122k , 122m , and 
122c each including a corotron or scorotron charger or a 
charging roller apply a charging bias to charge the surface of 
the photoconductive layer of the photoconductors 120y , 
120k , 120m , and 120c , respectively . 
[ 0040 ] According to the yellow , black , magenta , and cyan 
image patterns , the exposure device 101 irradiates , with the 
light beams YKMC as writing light , the surface of the 
photoconductors 120y , 120k , 120m , and 120c respectively 
charged by the 122y , 122k , 122m , and 122c to a given 
electric potential . As the electric potential changes at the 
exposed portion , an electrostatic latent image is formed on 
each of the photoconductors 120y , 120k , 120m , and 120c . 

The developing devices 121y , 121k , 121m , and 121c includ 
ing , e.g. , a regulation blade , a toner supply roller , and a 
developing sleeve supplied with a developing bias develop 
the electrostatic latent images thus formed on the photocon 
ductors 120y , 120k , 120m , and 120c , respectively . Thus , the 
developing devices 121y , 121k , 121m , and 121c from toners 
images on the surface of the photoconductors 120y , 120k , 
120m , and 120c , respectively . 
[ 0041 ] The toner images borne on the respective surfaces 
of the photoconductors 120y , 120k , 120m , and 120c are 
superimposed one atop another on the intermediate transfer 
belt 130 serving as an image bearer and rotated in a direction 
D ( i.e. , direction indicated by arrow D in FIG . 2 ) by 
conveyance rollers 131a , 131b , and 131c around which the 
intermediate transfer belt 130 is entrained . Thus , the toner 
images are transferred from the photoconductors 120y , 120k , 
120m , and 120c onto the intermediate transfer belt 130 . 
Primary transfer rollers 132y , 132k , 132m , and 132c are 
disposed facing the photoconductors 120y , 120k , 120m , and 
120c , respectively , and stretching the intermediate transfer 
belt 130. The intermediate transfer belt 130 bearing the toner 
images of Y , K , M , and C transferred from the surface of the 
photoconductors 120y , 120k , 120m , and 120c , respectively , 
is conveyed to a secondary transfer area F , which may be 
referred to as a secondary transfer nip . 
[ 0042 ] The secondary transfer belt 133 is entrained around 
a drive roller 134a and a conveyance roller 134b . As the 
drive roller 134a and the conveyance roller 134b rotate , the 
secondary transfer belt 133 is rotated in a direction E ( i.e. , 
direction indicated by arrow E in FIG . 2 ) . A registration 
roller pair 135 supplies , from a sheet container T such as an 
input tray , a sheet P serving as a recording medium to the 
secondary transfer area F. Examples of the sheet P include , 
but are not limited to , fine paper and a plastic sheet . A 
secondary transfer bias is applied at the secondary transfer 
area F to transfer the toner images borne on the intermediate 
transfer belt 130 as a composite toner image onto the sheet 
P attracted and held on the secondary transfer belt 133. The 
sheet P is conveyed in a direction perpendicular to the main 
scanning direction . In other words , the sheet P is conveyed 
in the sub - scanning direction . The direction in which the 
sheet Pis conveyed may be referred to as a sheet conveying 
direction or a direction of conveyance of a recording 
medium . 

[ 0043 ] The secondary transfer belt 133 conveys the sheet 
P to the fixing device 104. The fixing device 104 includes a 
fixing rotator 141 such as a fixing roller including , e.g. , 
silicone rubber or fluorine rubber . The fixing device 104 
fixes the composite toner image onto the sheet P under heat 
and pressure . The output roller 142 ejects , as a sheet P ' , the 
sheet P bearing the fixing toner image to the outside of the 
fixing device 104 . 
[ 0044 ] The image density sensor 70 detects the image 
density of the image on the sheet P ' ejected from the fixing 
device 104. A detailed description of the image density 
sensor 70 is deferred . The image density detected by the 
image density sensor 70 is used for correction of image 
density deviation in the main scanning direction and the 
sub - scanning direction . In the present embodiment , as 
described later , the image density is used for detection of 
length information indicating a length , in the sub - scanning 
direction ( i.e. , the sheet conveying direction ) of the image 
formed on the sheet P ' 
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[ 0045 ] After the composite toner image is transferred , a 
cleaning device 139 including a cleaning blade removes , 
from the intermediate transfer belt 130 , residual toner that 
has failed to be transferred onto the sheet P and therefore 
remains on the intermediate transfer belt 130. Thus , the 
intermediate transfer belt 130 is ready for the next image 
forming process . 
[ 0046 ] In the operation of the printer engine 100 described 
above , the direction of rotation of the photoconductors 120y , 
120k , 120m , and 120c , the direction of rotation of the 
intermediate transfer belt 130 , and the direction of convey 
ance of the sheets P and P ' are all perpendicular to the main 
scanning direction and parallel to the sub - scanning direc 
tion . 

[ 0047 ] In FIG . 2 , the image density sensor 70 is disposed 
downstream from the fixing device 104 in the sheet con 
veying direction . Alternatively , the image density sensor 70 
may be disposed near the conveyance roller 131a to detect 
the image of an image formed on the intermediate transfer 
belt 130 . 

[ 0048 ] Referring now to FIG . 3 , a description is given of 
a configuration of the image density sensor 70 . 
[ 0049 ] FIG . 3 is a perspective view of the image density 
sensor 70 . 

[ 0050 ] The image density sensor 70 has a long shape in the 
main scanning direction . Since the image density sensor 70 
includes an image element elongated in the main scanning 
direction , the image density sensor 70 may be referred to as 
a line sensor . FIG . 3 illustrates a width indicated by a dotted 
line in the main scanning direction as a detection width of 
the image density sensor 70 in the main scanning direction . 
The detection width is greater than the width of the sheet P ' 
in the main scanning direction . When the sheet P ' is con 
veyed so as to pass through the width indicated by the dotted 
line in the main scanning direction in FIG . 3 , the image 
density sensor 70 detects the image density over the entire 
area in the main scanning direction of the sheet P ' . 
[ 0051 ] In the present embodiment , the image density 
sensor 70 continuously detects the image density to detect 
the density in the sub - scanning direction of an image on the 
sheet P ' . In the present embodiment , the detection result is 
used for detection of the length in the sub - scanning direction 
of the image on the sheet P ' . The length in the sub - scanning 
direction of the image on the sheet P ' is defined as a distance 
in the sub - scanning direction between two given points in 
the image on the sheet P ' . The two points may be specified 
as appropriate . For example , the two points may be the first 
dot and the last dot in the sub - scanning direction of the 
image formed on the sheet P ' . Alternatively , the two points 
may be two pattern images ( e.g. , detection marks for image 
positioning ) formed at given positions in the image formed 
on the sheet P ' . 
[ 0052 ] In the present embodiment , the image density 
sensor 70 detects the fixed image on the sheet P ' . However , 
the image detected by the image density sensor 70 is not 
limited to such a fixed image . For example , the image 
density sensor 70 may detect an unfixed image formed on a 
recording medium , in other words , an image to be fixed onto 
the recording medium , provided that the image density 
sensor 70 detects the length in the sub - scanning direction of 
an image formed on a recoding medium ( i.e. , a secondarily 
transferred image ) . 

[ 0053 ] FIG . 4 is a schematic diagram illustrating an inter 
nal structure of the image density sensor 70 as viewed in a 
direction perpendicular to the main scanning direction . 
[ 0054 ] As illustrated in FIG . 4 , the image density sensor 
70 includes an image element 71. The image density sensor 
70 further includes a light source , a lens array , and an output 
circuit . 
[ 0055 ] The light source may include a light guide having 
an end provided with a light emitting device . Alternatively , 
the light source may be an LED array . The light emitted from 
the light source is reflected on the sheet P ' and imaged on the 
image element 71 by a lens array . The image element 71 
receives the light imaged by the lens array with light 
receiving elements 72 ( illustrated as light receiving elements 
72-0 to 72 - n in FIG . 4 ) . The image element 71 then outputs 
a signal corresponding to the amount of the light received . 
The image element 71 may be , e.g. , a complementary metal 
oxide semiconductor ( CMOS ) sensor or a charge - coupled 
device ( CCD ) sensor . 
[ 0056 ] The output circuit converts the signal from the light 
receiving elements 72 disposed on the image element 71 into 
data indicating the image density for each position in the 
main scanning direction of the image formed on the sheet P ' . 
The output circuit then outputs the data . The output signal is , 
e.g. , image density data in 0 to 255 tones represented by 8 
bits . The output circuit may be , e.g. , an application - specific 
integrated circuit ( ASIC ) . 
[ 0057 ] FIG . 5 is a functional block diagram of the image 
forming apparatus 1 , illustrating functional units of the 
image forming apparatus 1 . 
[ 0058 ] Specifically , an input receiving unit 150 is imple 
mented by the control panel 60. The input receiving unit 150 
displays information that is used for operation to , e.g. , a user 
and receives various inputs from the user . The input receiv 
ing unit 150 is also implemented by the processing of the 
external communication I / F 50. The input receiving unit 150 
receives a request from a user , such as a print instruction or 
a configuration change , input from an external device via a 
local area network ( LAN ) or the Internet . 
[ 0059 ] A display control unit 160 is implemented by the 
CPU 10 executing a program loaded from the ROM 20 or 
the HDD 40 onto the RAM 30 as a work area . The display 
control unit 160 controls a display on a screen of the input 
receiving unit 150 . 
[ 0060 ] A communication control unit 170 is implemented 
by the processing of the external communication I / F 50. The 
communication control unit 170 transmits image informa 
tion to an external device via an e - mail , for example . When 
setting is available by an external device , the communica 
tion control unit 170 communicates with the external device 
via the network to receive setting information . 
[ 0061 ] The control unit 180 is implemented by the CPU 10 
executing a program loaded from the ROM 20 or the HDD 
40 onto the RAM 30 as a work area . The control unit 180 
executes functions of the entire image forming apparatus 1 
such as the copying , scanning , printing , and facsimile func 
tions . The control unit 180 includes a correction value 
correcting unit 181 , a correction value calculating unit 182 , 
and a printer control unit 183. The correction value correct 
ing unit 181 corrects a correction value stored in the storing 
unit 210. The correction value calculating unit 182 calcu 
lates correction values of image forming conditions for 
correcting various types of image quality degradation 
including an error in image magnification in the sub - scan 
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ning direction . The printer control unit 183 controls the 
printer engine 100 in particular . 
[ 0062 ] A length detecting unit 190 is implemented by the 
image density sensor 70. The length detecting unit 190 
detects and outputs the length in the sub - scanning direction 
of an image formed on a recording medium by the printer 
engine 100 . 
[ 0063 ] A reading / writing unit 200 is implemented by the 
CPU 10 executing a program loaded from the ROM 20 or 
the HDD 40 onto the RAM 30 as a work area . The 
reading / writing unit 200 stores various types of data in the 
storing unit 210 and retrieves the various types of data from 
the storing unit 210 . 
[ 0064 ] The storing unit 210 is implemented by the ROM 
20 or the HDD 40. The storing unit 210 stores , e.g. , 
programs , data , various types of setting information on the 
image forming conditions for the operation of the image 
forming apparatus 1 ( e.g. , correction value information ) , and 
operation logs of the image forming apparatus 1. Examples 
of the image forming conditions include , but are not limited 
to , a charging bias , a developing bias , an amount of optical 
writing light , and a transfer bias . The storing unit 210 
includes a correction value storing unit 211 and a pattern 
storing unit 212 . 
[ 0065 ] The correction value storing unit 211 stores cor 
rection values of various image forming conditions . In 
particular , in the present embodiment , the correction value 
storing unit 211 stores a correction value for correcting a 
linear velocity of the secondary transfer belt 133 , in other 
words , the number of rotations of the drive roller 134a that 
rotates the secondary transfer belt 133. In the present 
embodiment , the correction value is stored in the form of a 
correction table indicating the correlation between the cor 
rection value of the linear velocity of the secondary transfer 
belt 133 and toner adhesion amount information relating to 
an amount of toner adhering per unit area of an image that 
is formed on a recording medium . In the present embodi 
ment , the toner adhesion amount information is referred to 
as information of the image area rate . Alternatively , for 
example , the correction value may be calculated according 
to calculation information ( e.g. , calculation formula ) stored 
for calculating the correction value from the toner adhesion 
amount information ( i.e. , the information of the image area 
rate in the present embodiment ) of an image that is formed 
on a recording medium . 
[ 0066 ] Various types of information stored in the storing 
unit 210 may be set before or updated after the shipment of 
the image forming apparatus 1. Depending on the informa 
tion that is stored , the storing unit 210 may be implemented 
by a temporary storage function of the RAM 30 . 
[ 0067 ] In the present embodiment , the printer engine 100 
includes the intermediate transfer belt 130 as a rotatable 
image bearer and the secondary transfer belt 133 as a 
transfer rotator . While a sheet P serving as a recording 
medium is sandwiched and conveyed between the interme 
diate transfer belt 130 and the secondary transfer belt 133 , 
a toner image is transferred from the intermediate transfer 
belt 130 onto the sheet P. Thus , the printer engine 100 forms 
an image on the sheet P. 
[ 0068 ] The printer engine 100 of the present embodiment 
includes an adjuster that adjusts a relative difference in linear 
velocity ( i.e. , difference in rotational speed ) between the 
intermediate transfer belt 130 and the secondary transfer belt 
133 at the secondary transfer nip ( as a transfer nip ) . In 

alternative to or in addition to the adjuster , the printer engine 
100 of the present embodiment may include another adjuster 
that adjusts the contact pressure between the intermediate 
transfer belt 130 and the secondary transfer belt 133 at the 
secondary transfer nip . Such an adjuster or adjusters allow 
the printer engine 100 to adjust the conveyance speed of a 
recording medium passing through the secondary transfer 
nip without changing the process speed ( i.e. , the linear 
velocity or rotational speed of the intermediate transfer belt 
130 ) . 
[ 0069 ] As the adjuster that adjusts the relative difference 
in linear velocity between the intermediate transfer belt 130 
and the secondary transfer belt 133 at the secondary transfer 
nip , the printer engine 100 of the present embodiment 
includes a motor 134c ( illustrated in FIG . 2 ) that adjusts the 
number of rotations of the drive roller 134a that drives and 
rotates the secondary transfer belt 133. The motor 134c is a 
motor that can vary the number of rotations . The printer 
control unit 183 of the control unit 180 controls the motor 
134c . As the number of rotations of the drive roller 134a is 
adjusted , the rotational speed of the secondary transfer belt 
133 is adjusted , resulting in adjustment of the difference in 
linear velocity between the intermediate transfer belt 130 
and the secondary transfer belt 133 at the secondary transfer 
nip . In other words , the linear velocity of the secondary 
transfer belt 133 relative to the intermediate transfer belt 130 
at the secondary transfer nip is adjusted . 
[ 0070 ] As the adjuster that adjusts the contact pressure 
between the intermediate transfer belt 130 and the secondary 
transfer belt 133 at the secondary transfer nip , the printer 
engine 100 of the present embodiment may include , e.g. , a 
moving assembly such as a cam assembly that moves the 
drive roller 134a to or away from the intermediate transfer 
belt 130. As the printer control unit 183 of the control unit 
180 controls the moving assembly to adjust the position of 
the drive roller 134a relative to the intermediate transfer belt 
130 , thus adjusting the contact pressure of the secondary 
transfer belt 133 against the intermediate transfer belt 130 at 
the secondary transfer nip . 
[ 0071 ] According to the present embodiment , the printer 
engine 100 executes control to correct an error in image 
magnification in the sub - scanning direction ( i.e. , image 
magnification in the sheet conveying direction ) caused by a 
difference in the toner adhesion amount information relating 
to the amount of toner adhering per unit area of an image that 
is formed on a recording medium . Specifically , the error in 
the magnification in the sub - scanning direction is caused by 
an error in conveyance speed of the sheet P at the secondary 
transfer nip due to the difference in the toner adhesion 
amount information . To address such a situation , the printer 
engine 100 of the present embodiment acquires the toner 
adhesion amount information on an image that is formed on 
a recording medium and uses a correction value correspond 
ing to the acquired toner adhesion amount information to 
adjust , with the adjuster described above ( i.e. , the motor 
134c ) , the conveyance speed of the recording medium when 
the image is secondarily transferred . Accordingly , the image 
having a magnification in the sub - scanning direction cor 
rected is secondarily transferred onto the sheet P. 
[ 0072 ] In the following description , the toner adhesion 
amount information relating to the amount of toner adhering 
per unit area of an image that is formed on a recording 
medium is information relating to the image area rate of the 
image that is formed on the recording medium . The " image 
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area rate ” is a sum of rates of an image portion ( i.e. , a portion 
to which a toner image adheres ) per unit area on the sheet P 
calculated for each color of toner . Specifically , in a case in 
which the sheet Pis blank and no image is formed , the image 
area rate is 0 % . In a case in which a single solid image is 
formed on the entire surface of the sheet P , the image area 
rate is 100 % . In a case in which each of four solid images 
in different colors is formed on the entire surface of the sheet 
P , the image area rate is 400 % . 
[ 0073 ] Now , a description is given of a correction value 
calculating process performed by the correction value cal 
culating unit 182 of the control unit 180 to calculate a 
correction value that is used to correct the number of 
rotations of the drive roller 134a that rotates the secondary 
transfer belt 133 , to correct the magnification in the sub 
scanning direction . 
[ 0074 ] FIG . 6A is a diagram illustrating a pattern image 
that is used in the correction value calculating process . FIG . 
6B is a diagram illustrating another pattern image that is 
used in the correction value calculating process . 
[ 0075 ] As illustrated in FIGS . 6A and 6B , each of the 
pattern images that are used in the correction value calcu 
lating process of the present embodiment includes detection 
marks R1 , R2 , R1 ' , and R2 ' that are formed at different 
positions ( near the four corners of the sheet P ) . Specifically , 
the detection marks R1 and R2 are formed at different 
positions in the sheet conveying direction ( i.e. , sub - scanning 
direction ) . Similarly , the detection marks Rl ' and R2 ' are 
formed at different positions in the sheet conveying direction 
( i.e. , sub - scanning direction ) . In addition to the detection 
marks R1 , R2 , R1 ' , and R2 ' , as illustrated in FIG . 6B , the 
pattern image includes an image portion G , which is formed 
on substantially the entire surface of the sheet P except for 
the detection marks R1 , R2 , R1 ' , and R2 . The image portion 
G is used to change the image area rate . The pattern image 
including the detection marks R1 , R2 , R1 ' , and R2 ' and the 
image portion G is secondarily transferred onto the sheet P 
at the secondary transfer nip . 
[ 0076 ] FIG . 7 is a flowchart of the correction value cal 
culating process according to the present embodiment . 
[ 0077 ] In step S1 , the correction value calculating unit 182 
of the control unit 180 retrieves , from the pattern storing unit 
212 of the storing unit 210 , an image pattern that is used in 
the correction value calculating process . 
[ 0078 ] In step S2 , the correction value calculating unit 182 
sets the image area rate of the image portion G to 0 % . 
[ 0079 ] In step S3 , the correction value calculating unit 182 
sets the linear velocity of the secondary transfer belt 133 to 
an initial value ( i.e. , correction value = 0 % ) . 
[ 0080 ] Thereafter , in step S4 , the printer control unit 183 
controls the image forming operation according to the 
setting described above to secondarily transfer the pattern 
image onto a sheet P , thus forming the image pattern on the 
sheet P. Specifically , as illustrated in FIG . 6A , the image 
pattern including the detection marks R1 , R2 , R1 ' , and R2 ' 
near the four corners of the sheet P and the image portion G 
having an image area rate of 0 % is formed on the sheet P. 
[ 0081 ] Thereafter , the image density sensor 70 detects the 
pattern image formed on the sheet P ' . In other words , the 
image density sensor 70 detects the pattern image after the 
pattern image is fixed onto the sheet P. In step S5 , the 
correction value calculating unit 182 detects or calculates , as 
a reference length , the length in the sub - scanning direction 
of the pattern image detected by the image density sensor 70 . 

[ 0082 ] Note that the length in the sub - scanning direction 
of a pattern image detected in the present embodiment is a 
mean value of a distance H1 ( or H2 ) in the sub - scanning 
direction between the detection marks R1 and R2 in the 
pattern image and a distance H1 ' ( or H2 ' ) in the sub - scanning 
direction between the detection marks R1 ' and R2 ' in the 
pattern image . However , the length in the sub - scanning 
direction of a pattern image detected in the present embodi 
ment is not limited to such a mean value . 
[ 0083 ] In step S6 , the correction value calculating unit 182 
increases the image area rate of the image portion G by 10 % . 
In short , the correction value calculating unit 182 sets the 
image area rate of the image portion G to 10 % . 
[ 0084 ] In step S7 , the printer control unit 183 controls the 
image forming operation with the currently set correction 
value of the linear velocity of the secondary transfer belt 
133 , to form a pattern image having an image area rate of 
10 % on a sheet P. 
[ 0085 ] Thereafter , the image density sensor 70 detects the 
pattern image formed on the sheet P ' . In other words , the 
image density sensor 70 detects the pattern image after the 
pattern image is fixed onto the sheet P. In step S8 , the 
correction value calculating unit 182 detects or calculates , as 
a comparative length , the length in the sub - scanning direc 
tion of the pattern image detected by the image density 
sensor 70 . 
[ 0086 ] In step S9 , the correction value calculating unit 182 
compares the reference length ( i.e. , the length in the sub 
scanning direction of the pattern image having an image area 
rate of 0 % ) with the comparative length ( i.e. , the length in 
the sub - scanning direction of the pattern image having an 
image area rate of 10 % ) , to calculate a comparison value 
( referred to as a difference value in the present example ) of 
the reference length and the comparative length . 
[ 0087 ] In step S10 , the correction value calculating unit 
182 determines whether the difference value is equal to or 
less than a given threshold . 
[ 0088 ] The threshold corresponds to an allowable upper 
limit value of a difference in length in the sub - scanning 
direction between a reference image ( i.e. , a pattern image 
having an image area rate of 0 % ) and a comparison target 
image ( i.e. , a pattern image having an image area rate of 
10 % in the present example ) . The threshold is set according 
to an allowance of error in magnification in the sub - scanning 
direction of an image formed on a recording medium . For 
example , in the case of an image formed on a recording 
medium of A3 size , the threshold is set to about 0.2 mm . In 
a case in which the threshold is a fixed value and the length 
in the sub - scanning direction of an image formed on a 
recording medium having a size other than A3 is detected , 
in steps S5 and S8 , the correction value calculating unit 182 
converts the length in the sub - scanning direction of the 
image formed on the recording medium having a size other 
than A3 into the length in the sub - scanning direction of the 
image formed on the recording medium of A3 size , thus 
calculating or detecting the length in the sub - scanning 
direction of the image . By contrast , in a case in which the 
threshold is a variable value , the threshold may be changed 
depending on the size of the recording medium bearing the 
pattern image . 
[ 0089 ] When the correction value calculating unit 182 
determines that the difference value is equal to or less than 
the threshold ( Yes in step S10 ) , in step S11 , the correction 
value calculating unit 182 writes the correlation between the 
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currently set image area rate ( i.e. , 10 % in the present 
example ) and the currently set correction value ( i.e. , 0 % in 
the present example ) on the correction table stored in the 
correction value storing unit 211 . 
[ 0090 ] By contrast , when the correction value calculating 
unit 182 determines that the difference value is greater than 
the threshold ( No in step S10 ) , in step S12 , the correction 
value calculating unit 182 determines whether the currently 
set correction value has reached a limit value . The limit 
value is determined based on , e.g. , a set limit value of the 
number of rotations of the motor 134c that drives and rotates 
the secondary transfer belt 133 or a limit value according to 
the image forming conditions . 
[ 0091 ] When the currently set correction value has 
reached the limit value ( Yes in step S12 ) , in step Sil , the 
correction value calculating unit 182 writes the correlation 
between the currently set image area rate and the currently 
set correction value ( i.e. , the limit value ) on the correction 
table stored in the correction value storing unit 211 . 
[ 0092 ] By contrast , when the currently set correction value 
has not reached the limit value ( No in step S12 ) , in step S13 , 
the correction value calculating unit 182 increases the cor 
rection value by 0.1 % . In short , the correction value calcu 
lating unit 182 sets the correction value to 0.1 % in the 
present example . 
[ 0093 ] Thereafter , the process returns to step S7 , in which 
the printer control unit 183 controls the image forming 
operation with the currently set correction value of the linear 
velocity of the secondary transfer belt 133 , to form the 
pattern image having an image area rate of 10 % again . 
Thereafter , the image density sensor 70 detects the pattern 
image . In step S8 , the correction value calculating unit 182 
detects or calculates , as a reference length , the length in the 
sub - scanning direction of the pattern image detected by the 
image density sensor 70. In step S9 , the correction value 
calculating unit 182 compares the reference length with the 
comparative length to calculate the difference value . In step 
S10 , the correction value calculating unit 182 determines 
whether the difference value is equal to or less than the given 
threshold . 
( 0094 ] When the correction value calculating unit 182 
determines that the difference value is equal to or less than 
the threshold ( Yes in step S10 ) , in step S11 , the correction 
value calculating unit 182 writes the correlation between the 
currently set image area rate ( i.e. , 10 % in the present 
example ) and the currently set correction value ( i.e. , 0.1 % in 
the present example ) on the correction table stored in the 
correction value storing unit 211 . 
[ 0095 ] After writing the correlation on the correction table 
stored in the correction value storing unit 211 in step S11 , in 
step S14 , the correction value calculating unit 182 deter 
mines whether the image area rate has reached 200 % . When 
the image area rate has not reached 200 % yet ( No in step 
S14 ) , the process returns to step S6 , in which the correction 
value calculating unit 182 increases the image area rate of 
the image portion G by 10 % . In short , the correction value 
calculating unit 182 sets the image area rate of the image 
portion G to 20 % . With the image area rate of 20 % , the 
subsequent operations ( in steps S7 to S13 ) are executed as 
described above . Such operations are repeated until the 
image area rate is set to 200 % ( Yes in step S14 ) . Thus , in the 
present process , the correction values corresponding to 
image area rates per 10 % from 0 % to 200 % are acquired . 
Accordingly , a correction table indicating such a correlation 

between the image area rate and the correction value is 
generated in the correction value storing unit 211 of the 
storing unit 210 . 
[ 0096 ] The correction value calculating process 
described above is performed when the image forming 
apparatus 1 is powered or immediately before continuous 
image forming operations are performed , for example . 
Accordingly , in an image forming operation after the cor 
rection value calculating process is executed , the printer 
control unit 183 acquires the image area rate of an image 
from input image data and retrieves a correction value 
corresponding to the acquired image area rate from the 
correction table stored in the correction value storing unit 
211. With the retrieved correction value , the printer control 
unit 183 controls the number of rotations of the motor 1340 
to control the number of rotations of the drive roller 134a . 
As a result , the rotational speed ( i.e. , linear velocity ) of the 
secondary transfer belt 133 is controlled . Accordingly , the 
difference in linear velocity between the secondary transfer 
belt 133 and the intermediate transfer belt 130 ( i.e. , the 
linear velocity of the secondary transfer belt 133 relative to 
the intermediate transfer belt 130 ) at the secondary transfer 
nip is adjusted as appropriate to correct the deviation in the 
conveyance speed of the sheet Pat the secondary transfer nip 
and the error in magnification in the sub - scanning direction 
of an image that is formed on the sheet P. 
[ 0097 ] During the period from the execution of the cor 
rection value calculating process described above to the 
execution of the next correction value calculating process , 
some changes may occur , such as the environmental changes 
such as temperature and humidity changes and over - time 
changes of the surface conditions of the image bearer and the 
transfer rotator or the conditions of the recording media . 
Such changes may vary the optimum correction value cor 
responding to the image area rate of an image that is formed 
on a recording medium . As a result , the error in magnifica 
tion in the sub - scanning direction may not be reduced as 
appropriate and may deviate from an allowance . 
[ 0098 ] To address such a situation , in the present embodi 
ment , the image density sensor 70 detects the length in the 
sub - scanning direction of an image ( e.g. , user image ) formed 
on a recording medium during the period from the execution 
of the correction value calculating process to the execution 
of the next correction value calculating process . The cor 
rection value correcting unit 181 corrects a correction value 
based on the detected length in the sub - scanning direction 
and a target length . 
[ 0099 ] Referring now to FIG . 8 , a description is given of 
a correction value correcting process for correcting the 
correction values in the correction table stored in the cor 
rection value storing unit 211 of the storing unit 210 accord 
ing to the present embodiment . 
[ 0100 ] In the present embodiment , the correction value 
correcting process is executed for each input image data 
( i.e. , for each recording medium ) . However , the correction 
value correcting process may be executed at an appropriate 
time . For example , the correction value correcting process 
may be executed per specified multiple numbers of record 
ing media or when a temperature sensor detects a tempera 
ture changing from the temperature detected at the time of 
the previous correction value calculating process and 
exceeding a specified temperature . 
[ 0101 ] FIG . 8 is a flowchart of the correction value cor 
recting process according to the present embodiment . 
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[ 0102 ] In step S21 , the correction value correcting unit 
181 of the control unit 180 acquires image data that is input 
to the image forming apparatus 1 in response to a print 
instruction from a user . In step S22 , the correction value 
correcting unit 181 calculates , from the acquired image data , 
an image area rate ( i.e. , toner adhesion amount information ) 
at which an image of the image data is formed on the sheet 
P. In step S23 , the correction value correcting unit 181 
calculates a target length from the acquired image data . The 
target length is the length in the sub - scanning direction of 
the image of the image data when the image is formed on the 
sheet P according to the acquired image data . 
[ 0103 ] In step S24 , the printer control unit 183 of the 
control unit 180 acquires the correction value corresponding 
to the image area rate calculated in step S22 from the 
correction table stored in the correction value storing unit 
211 of the storing unit 210 . 
[ 0104 ] In step S25 , with the acquired correction value , the 
printer control unit 183 controls the number of rotations of 
the motor 134c to control the rotational speed ( i.e. , linear 
velocity ) of the secondary transfer belt 133 , thus forming an 
image according to the image data . As a result , with the 
correction value stored in the correction value storing unit 
211 , the deviation of the conveyance speed of the sheet P at 
the secondary transfer nip is corrected while the error in 
magnification in the sub - scanning direction of the image that 
is formed on the sheet P is corrected . 
[ 0105 ] In the present embodiment , the correction table 
presents correction values corresponding to image area rates 
per 10 % from 0 % to 200 % . When the image area rate 
calculated in step S22 does not completely match one of the 
image area rates per 10 % presented in the correction table , 
the correction value corresponding to the image area rate 
matching the calculated image area rate does not exist in the 
correction table in a precise sense . 
[ 0106 ] In such a case , for example , the correction value 
correcting unit 181 may round off the image area rate 
calculated in step S22 to one of the image area rates per 10 % 
and retrieve the correction value corresponding to the cal 
culated image area rate from the correction table . In a 
specific example , when the calculated image area rate is 
18 % , the correction value correcting unit 181 rounds off the 
image area rate to 20 % and retrieves the correction value 
corresponding to the image area rate of 20 % from the 
correction table . 
( 0107 ] Alternatively , for example , the correction value 
correcting unit 181 may use the correction values ( i.e. , 
correction values corresponding to the image area rates per 
10 % ) presented in the correction table to calculate a correc 
tion value corresponding to the calculated image area rate . 
In a specific example , when the calculated image area rate 
is 18 % , the correction value correcting unit 181 may per 
form linear interpolation between two correction values 
corresponding to two image area rates above and below the 
image area rate of 18 % ( i.e. , a correction value correspond 
ing to the image area rate of 10 % and a correction value 
corresponding to the image area rate of 20 % ) presented in 
the correction table , to calculate a correction value corre 
sponding to the image area rate of 18 % . 
[ 0108 ] Thereafter , the image density sensor 70 detects the 
image formed on the sheet P ' . In other words , the image 
density sensor 70 detects the image formed on the sheet P 
according to the image data after the image is fixed onto the 
sheet P. In step S26 , the correction value correcting unit 181 

detects or calculates , as a detected length , the length in the 
sub - scanning direction of the image detected by the image 
density sensor 70. The detected length may be a distance in 
the sub - scanning direction between two points like the two 
points on the image data from which the target length is 
calculated as described above . Specifically , the two points 
may be the first dot and the last dot in the sub - scanning 
direction of the image . Alternatively , the two points may be 
two pattern images formed at given positions in the image . 
[ 0109 ] In step S27 , the correction value correcting unit 
181 compares the target length calculated in step S23 with 
the detected length detected in step S26 , to calculate a 
comparison value . In the present example , the comparison 
value is a difference value ( i.e. , error in magnification in the 
sub - scanning direction ) obtained by subtracting the detected 
length from the target length . 
[ 0110 ] In steps S28 and S30 , the correction value correct 
ing unit 181 determines whether the difference value is 
within a given allowance . When the difference value is 
within the allowance ( No in steps S28 and S30 ) , the cor 
rection value correcting process ends without correcting a 
correction value in the current correction table . By contrast , 
when the correction value correcting unit 181 determines 
that the difference value is outside the given allowance , the 
correction value correcting unit 181 corrects a correction 
value in the current correction table . 
[ 0111 ] Specifically , in step S28 , the correction value cor 
recting unit 181 determines whether the difference value is 
less than a first threshold ( e.g. , -0.2 mm ) . Note that the first 
threshold is a lower limit of the given allowance . When the 
correction value correcting unit 181 determines that the 
difference value is less than the first threshold ( Yes in step 
S28 ) , in step S29 , the correction value correcting unit 181 
decreases the correction value retrieved in step S24 by 0.1 % , 
thus correcting the correction value . Since the difference 
value obtained by subtracting the detected length from the 
target length is a negative value , the detected length is 
greater than the target length . In other words , the image is 
enlarged in the sub - scanning direction . To address such a 
situation , the linear velocity of the secondary transfer belt 
133 is to be decreased to decrease the conveyance speed of 
the sheet P at the secondary transfer nip and reduce the 
image size in the sub - scanning direction . In other words , the 
correction value is to be decreased in step S29 . In the present 
example , the correction value correcting unit 181 decreases 
the correction value by 0.1 % , thus correcting the correction 
value . 
[ 0112 ] By contrast , when the correction value correcting 
unit 181 determines that the difference value is not less than 
the first threshold ( No in step S28 ) , in step S30 , the correc 
tion value correcting unit 181 determines whether the dif 
ference value is equal to or greater than a second threshold 
( e.g. , +0.2 mm ) . Note that the second threshold is an upper 
limit of the given allowance . When the correction value 
correcting unit 181 determines that the difference value is 
equal to or greater than the second threshold ( Yes in step 
S30 ) , in step S31 , the correction value correcting unit 181 
increases the correction value retrieved in step S24 by 0.1 % , 
thus correcting the correction value . Since the difference 
value obtained by subtracting the detected length from the 
target length is a positive value , the detected length is 
smaller than the target length . In other words , the image size 
is reduced in the sub - scanning direction . To address such a 
situation , the linear velocity of the secondary transfer belt 
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133 is to be increased to increase the conveyance speed of 
the sheet P at the secondary transfer nip and enlarge the 
image in the sub - scanning direction . In other words , the 
correction value is to be increased in step S31 . In the present 
example , the correction value correcting unit 181 increases 
the correction value by 0.1 % , thus correcting the correction 
value . 
[ 0113 ] As described above , in step S32 , the correction 
value correcting unit 181 corrects the correction value 
corresponding to the image area rate of the current image 
data in the correction table . Use of the correction value thus 
corrected keeps the error in magnification in the sub - scan 
ning direction within the allowance in the subsequent image 
forming operations . Although the correction value correct 
ing unit 181 corrects only the correction value correspond 
ing to the image area rate of the current image data in the 
correction table in the present example , the correction value 
correcting unit 181 may also correct other correction values 
in conjunction with the corrected correction value . 
[ 0114 ] In a case in which the printer control unit 183 uses 
calculation information , instead of the correction table , to 
acquire the correction value corresponding to the toner 
adhesion amount information ( i.e. , image area rate ) of an 
image that is formed on a recording medium , the correction 
value correcting unit 181 may correct the calculation infor 
mation ( e.g. , coefficients of calculation formula ) in the 
correction value correcting process . 
[ 0115 ] In the present embodiment , the correction value 
calculating process for generating the correction table is 
performed when the image forming apparatus 1 is powered 
or immediately before continuous image forming operations 
are performed , for example . Alternatively , the correction 
value calculation process may be performed at a given time 
during the continuous image forming operations . In the 
present embodiment , even during the continuous image 
forming operations , the correction value correcting process 
is executable , without interrupting the image forming opera 
tions , to correct the correction value in the correction table 
as appropriate . However , when a large number of images are 
continuously formed , the image forming operations may be 
interrupted . In such a case , the correction value calculating 
process including image forming operations of pattern 
images may be executed to regenerate the correction table . 
In this case , the error in magnification in the sub - scanning 
direction may be more appropriately corrected in the 
remaining image forming operations . 
[ 0116 ] Although specific embodiments are described , the 
embodiments according to the present disclosure are not 
limited to those specifically described herein . Several 
aspects of the image forming apparatus are exemplified as 
follows . 
[ 0117 ] Initially , a description is given of a first aspect . 
[ 0118 ] According to the first aspect , an image forming 
apparatus ( e.g. , image forming apparatus 1 ) includes a 
rotatable image bearer ( e.g. , intermediate transfer belt 130 ) , 
a transfer rotator ( e.g. , secondary transfer belt 133 ) . While a 
recording medium ( e.g. , sheet P or P ' ) is sandwiched and 
conveyed between the image bearer and the transfer rotator , 
a toner image is transferred from the image bearer onto the 
recording medium . Thus , the image forming apparatus 
forms an image on the recording medium . The image 
forming apparatus further includes a detector ( e.g. , the 
image density sensor 70 or the length detecting unit 190 ) that 
detects length information indicating a length in the direc 

tion of conveyance of the recording medium ( i.e. , length in 
the sub - scanning direction ) of the image on the recording 
medium . The image forming apparatus further includes 
circuitry . The circuitry ( e.g. , correction value correcting unit 
181 ) corrects a correction value , based on the length infor 
mation detected by the detector and a target value of the 
length information , to correct an image magnification in a 
direction of conveyance of the recording medium ( e.g. , 
magnification in the sub - scanning direction ) of the image to 
be formed on the recording medium . The circuitry ( e.g. , 
printer control unit 183 ) controls an image forming opera 
tion of forming the image on the recording medium with the 
correction value . 
[ 0119 ] At the transfer nip between the image bearer and 
the transfer rotator , the toner image is transferred onto the 
recording medium conveyed . Since an unfixed toner image 
exists between the image bearer and the recording medium , 
a frictional force between the image bearer and the recording 
medium changes depending on the amount of toner per unit 
area of the toner image ( i.e. , the amount of toner adhering 
per unit area of the image that is formed on the recording 
medium ) . Such a change of the frictional force further 
changes the conveyance speed of the recording medium at 
the transfer nip . As a result , the image expands or shrinks in 
the direction of conveyance of the recording medium and 
thus formed on the recording medium . In other words , the 
image is formed with an error in magnification in the 
direction of conveyance of the recording medium . 
[ 0120 ] In the embodiments of the present disclosure , an 
operation of forming an image on a recording medium is 
controlled with the correction value that is used to correct 
the image magnification in the direction of conveyance of 
the recording medium of the image to be formed on the 
recording medium . The correction value is , e.g. , a correction 
value corresponding to the toner adhesion amount informa 
tion relating to the amount of toner adhering per unit area of 
the image that is formed on the recording medium . With the 
correction value , the image forming apparatus of the 
embodiments of the present disclosure reduces the error in 
image magnification in the direction of conveyance of the 
recording medium attributed to the amount of toner adhering 
per unit area of the image that is formed on the recording 
medium . 
[ 0121 ] However , an optimum correction value corre 
sponding to the toner adhesion amount information may 
change due to the environmental changes such as tempera 
ture and humidity changes or over - time changes of the 
surface conditions of the image bearer and the transfer 
rotator or the conditions of the recording media . As a result , 
the error in image magnification in the direction of convey 
ance of the recording medium may not be reduced as 
appropriate . 
[ 0122 ] To address such a situation , the detector of the 
image forming apparatus detects the length information of 
the length in the direction of conveyance of the recording 
medium of the image on the recording medium . The cir 
cuitry ( e.g. , correction value correcting unit 181 ) corrects the 
correction value , based on the detected length information 
and the target value of the length information . Accordingly , 
even in a situation in which the environmental changes or 
over - time changes as described above hamper correction of 
the error in image magnification in the direction of convey 
ance of the recording medium within an allowance with an 
initial correction value ( i.e. , correction value before correc 
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tion ) , the correction value is corrected to correct the error 
within the allowance . As a result , in the subsequent image 
formation , the image forming operation is controlled with 
the corrected correction value . Accordingly , the error in the 
image magnification in the direction of conveyance of the 
recording medium is corrected within the allowance . 
[ 0123 ] Now , a description is given of a second aspect . 
[ 0124 ] According to the second aspect , in the image 
forming apparatus of the first aspect , the circuitry ( e.g. , the 
correction value correcting unit 181 ) calculates the target 
value of the length information from image data of the image 
corresponding to the length information detected by the 
detector . 
[ 0125 ] The target value of the length information is acquir 
able when another detector detects length information of the 
image before being transferred onto the recording medium , 
in other words , length information of the image on the image 
bearer corresponding to the length information detected by 
the detector . 
[ 0126 ] According to the present aspect , since the circuitry 
calculates the target value of the length information from the 
image data , providing the other detector is omittable . 
[ 0127 ] Now , a description is given of a third aspect . 
[ 0128 ] According to the third aspect , in the image forming 
apparatus of the first or second aspect , the circuitry ( e.g. , 
printer control unit 183 ) controls , with the correction value , 
at least one of a difference in rotational speed ( e.g. , a 
difference in linear velocity ) between the image bearer and 
the transfer rotator and a contact pressure between the image 
bearer and the transfer rotator . 
[ 0129 ] The circuitry ( e.g. , printer control unit 183 ) con 
trols at least one of the difference in rotational speed and the 
contact pressure and adjusts the conveyance speed of the 
recording medium at the transfer nip , to correct the magni 
fication in the direction of conveyance of the recording 
medium of the image on the recording medium . 
[ 0130 ] Now , a description is given of a fourth aspect . 
[ 0131 ] According to the fourth aspect , in the image form 
ing apparatus of any one of the first to third aspects , the 
correction value corresponds to the toner adhesion amount 
information relating to the amount of toner adhering per unit 
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control unit 183 ) specifies , from the table information , the 
correction value corresponding to the calculated toner adhe 
sion amount information . The circuitry ( e.g. , printer control 
unit 183 ) controls , with the specified correction value , the 
image forming operation of forming the image on the 
recording medium . The circuitry ( e.g. , correction value 
correcting unit 181 ) corrects the table information . 
[ 0138 ] Accordingly , a simple process with the table infor 
mation attains correction of the magnification in the direc 
tion of conveyance of the recording medium of the image on 
the recording medium . 
[ 0139 ] Now , a description is given of a seventh aspect . 
[ 0140 ] According to the seventh aspect , in the image 
forming apparatus of the sixth aspect , in a case in which the 
table information includes no correction value correspond 
ing to the calculated toner adhesion amount information , the 
circuitry ( e.g. , printer control unit 183 ) calculates , with the 
correction value presented in the table information , the 
correction value corresponding to the calculated toner adhe 
sion amount information . 
[ 0141 ] Accordingly , even when the table information 
includes no correction value corresponding to the calculated 
toner adhesion amount information , the error in the image 
magnification in the direction of conveyance of the record 
ing medium is reduced with the correction value calculated 
from the correction value included in the table information . 
[ 0142 ] Now , a description is given of an eighth aspect . 
[ 0143 ] According to the eighth aspect , the image forming 
apparatus of the fourth or fifth aspect further includes a 
storage device ( e.g. , the ROM 20 , the HDD 40 , or the storing 
unit 210 ) that stores calculation information ( e.g. , informa 
tion of a calculation formula ) to calculate the correction 
value from the toner adhesion amount information . The 
circuitry ( e.g. , the correction value correcting unit 181 ) 
calculates , from image data of the image , the toner adhesion 
amount information . The circuitry ( e.g. , printer control unit 
183 ) calculates , with the calculation information , the cor 
rection value corresponding to the calculated toner adhesion 
amount information . The circuitry ( e.g. , printer control unit 
183 ) controls , with the calculated correction value , the 
image forming operation of forming the image on the 
recording medium . The circuitry ( e.g. , correction value 
correcting unit 181 ) corrects the calculation information . 
[ 0144 ] Accordingly , without a correction table , the cir 
cuitry acquires the correction value corresponding to the 
calculated toner adhesion amount information , with the 
calculation information ( e.g. , a calculation formula such as 
a relational expression between the toner adhesion amount 
information and the correction value ) that is used to calcu 
late the correction value from the toner adhesion amount 
information . In short , with a less data amount , the circuitry 
acquires an appropriate correction value corresponding to 
the calculated toner adhesion amount information . 
[ 0145 ] Now , a description is given of a ninth aspect . 
[ 0146 ] According to the ninth aspect , in the image forming 
apparatus of any one of the first to eighth aspects , the 
detector ( e.g. , the image density sensor 70 or the length 
detecting unit 190 ) detects the length information indicating 
a length in the direction of conveyance of the recording 
medium of a pattern image formed on a recording medium 
during continuous image forming operations . The circuitry 
( e.g. , the correction value calculating unit 182 ) calculates the 
correction value before being corrected , based on the toner 

a 

area . 

a 

[ 0132 ] Accordingly , the image forming apparatus reduces 
the error in image magnification in the direction of convey 
ance of the recording medium attributed to the amount of 
toner adhering per unit area of the image that is formed on 
the recording medium . 
[ 0133 ] Now , a description is given of a fifth aspect . 
[ 0134 ] According to the fifth aspect , in the image forming 
apparatus of the fourth aspect , the toner adhesion amount 
information includes image area rate information acquirable 
from image data of the image . 
[ 0135 ] Accordingly , the toner adhesion amount informa 
tion is easily and quickly acquired . 
[ 0136 ] Now , a description is given of a sixth aspect . 
[ 0137 ] According to the fifth aspect , the image forming 
apparatus of the fourth or fifth aspect further includes a 
storage device ( e.g. , the ROM 20 , the HDD 40 , or the 
correction value storing unit 211 ) that stores table informa 
tion ( e.g. , correction value table ) including the toner adhe 
sion amount information in association with the correction 
value . The circuitry ( e.g. , the correction value correcting 
unit 181 ) calculates , from image data of the image , the toner 
adhesion amount information . The circuitry ( e.g. , printer 
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adhesion amount information of the pattern image and the 
length information of the pattern image detected by the 
detector . 
[ 0147 ] The present aspect allows , during continuous 
image forming operations , regeneration of the correction 
value before being corrected . Since the correction value is 
regenerated with the pattern image during continuous image 
forming operations , an appropriate correction value is 
acquirable even during continuous image forming opera 
tions . 
[ 0148 ] Now , a description is given of a tenth aspect . 
[ 0149 ) According to the tenth aspect , in the image forming 
apparatus of any one of the first to ninth aspects , the circuitry 
( e.g. , correction value correcting unit 181 ) determines 
whether a comparative length of the length information 
detected by the detector and the target value of the length 
information is outside a given allowance . When the circuitry 
determines that the comparative length is outside the given 
allowance , the circuitry corrects the correction value . The 
circuitry ( e.g. , correction value correcting unit 181 ) changes 
the given allowance depending on the target value of the 
length information ( e.g. , target value for each recording 
medium size ) , to determine whether the comparative length 
is outside the changed allowance ( e.g. , the given allowance 
converted into an allowance according to the size of the 
recording medium ) . Alternatively , the circuitry ( e.g. , correc 
tion value correcting unit 181 ) changes the length informa 
tion detected by the detector depending on the target value 
of the length information , to determine whether a compara 
tive length of the changed length information ( e.g. , length 
information indicating the detected length converted into a 
length on a given recording medium size such as A3 ) and the 
target value of the length information is outside the given 
allowance . 
[ 0150 ] In a case in which the size of the recording medium 
on which the image is formed changes , the length in the 
sub - scanning direction of the image that is formed on the 
recording medium changes . In other words , the target value 
of the length information of the image changes . According 
to the present aspect , the circuitry changes the allowance for 
each target value of the different length information . In other 
words , the circuitry uses the allowance converted for each 
target value of the different length information to determine 
whether to correct the correction value . According to the 
present aspect , the circuitry changes the length information 
detected by the detector for each target value of the different 
length information . In other words , the circuitry uses the 
length information detected by the detector and converted 
for each target value of the different length information to 
determine whether to correct the correction value . Accord 
ingly , even when the length in the sub - scanning direction of 
the image that is formed on the recording medium changes , 
in other words , even when the target value of the length 
information of the image changes , the circuitry determines 
whether to correct the correction value as appropriate . 
[ 0151 ] Accordingly , the embodiments of the present dis 
closure attain correction of an error in image size ( or image 
magnification ) in the direction of conveyance of a recording 
medium of an image formed on the recording medium . 
[ 0152 ] The above - described embodiments are illustrative 
and do not limit the present invention . Thus , numerous 
additional modifications and variations are possible in light 
of the above teachings . For example , elements and / or fea 
tures of different illustrative embodiments may be combined 

with each other and / or substituted for each other within the 
scope of the present invention . 
[ 0153 ] Any one of the above - described operations may be 
performed in various other ways , for example , in an order 
different from the one described above . 
[ 0154 ] Each of the functions of the described embodi 
ments may be implemented by one or more processing 
circuits or circuitry . Processing circuitry includes a pro 
grammed processor , as a processor includes circuitry . A 
processing circuit also includes devices such as an applica 
tion specific integrated circuit ( ASIC ) , a digital signal pro 
cessor ( DSP ) , a field programmable gate array ( FPGA ) , and 
conventional circuit components arranged to perform the 
recited functions . 
What is claimed is : 
1. An image forming apparatus comprising : 
a rotatable image bearer configured to bear an image ; 
a transfer rotator configured to transfer the image from the 

image bearer onto a recording medium sandwiched and 
conveyed between the image bearer and the transfer 
rotator ; 

a detector configured to detect length information indi 
cating a length , in a direction of conveyance of the 
recording medium , of the image on the recording 
medium ; and 

circuitry configured to : 
correct a correction value , based on the length infor 

mation detected by the detector and a target value of 
the length information , to correct an image magni 
fication , in the direction of conveyance of the record 
ing medium , of the image to be formed on the 
recording medium ; and 

control an image forming operation of forming the 
image on the recording medium with the correction 
value . 

2. The image forming apparatus according to claim 1 , 
wherein the circuitry is configured to calculate the target 

value of the length information from image data of the 
image corresponding to the length information detected 
by the detector . 

3. The image forming apparatus according to claim 1 , 
wherein the circuitry is configured to control , with the 

correction value , at least one of a difference in rota 
tional speed between the image bearer and the transfer 
rotator and a contact pressure between the image bearer 
and the transfer rotator . 

4. The image forming apparatus according to claim 1 , 
wherein the correction value corresponds to toner adhe 

sion amount information relating to an amount of toner 
adhering per unit area . 

5. The image forming apparatus according to claim 4 , 
wherein the toner adhesion amount information includes 

image area rate information acquirable from image data 
of the image . 

6. The image forming apparatus according to claim 4 , 
further comprising a storage device configured to store table 
information including the toner adhesion amount informa 
tion in association with the correction value , 

wherein the circuitry is configured to : 
calculate , from image data of the image , the toner 

adhesion amount information ; specify , from the table 
information , the correction value corresponding to 
the calculated toner adhesion amount information ; 
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10. The image forming apparatus according to claim 1 , 
wherein the circuitry is configured to : 

determine whether a comparative length of the length 
information detected by the detector and the target 
value of the length information is outside a given 
allowance ; and 

correct the correction value in response to the com 
parative length being outside the given allowance , 
and 

wherein the circuitry is configured to change : 
the given allowance depending on the target value of 

the length information , to determine whether the 
comparative length is outside the changed allow 
ance ; or 

the length information detected by the detector depend 
ing on the target value of the length information , to 
determine whether a comparative length of the 
changed length information and the target value of 
the length information is outside the given allow 
ance . 

control , with the specified correction value , the 
image forming operation of forming the image on 
the recording medium ; and 

correct the table information . 
7. The image forming apparatus according to claim 6 , 
wherein the circuitry is configured to calculate , with the 

correction value presented in the table information , the 
correction value corresponding to the calculated toner 
adhesion amount information , in response to the table 
information including no correction value correspond 
ing to the calculated toner adhesion amount informa 
tion . 

8. The image forming apparatus according to claim 4 , 
further comprising a storage device configured to store 
calculation information to calculate the correction value 
from the toner adhesion amount information , 

wherein the circuitry is configured to : 
calculate , from image data of the image , the toner 

adhesion amount information ; 
calculate , with the calculation information , the correc 

tion value corresponding to the calculated toner 
adhesion amount information ; 

control , with the calculated correction value , the image 
forming operation of forming the image on the 
recording medium ; and 

correct the calculation information . 
9. The image forming apparatus according to claim 1 , 
wherein the detector is configured to detect the length 

information indicating a length in the direction of 
conveyance of the recording medium of a pattern image 
formed on a recording medium during continuous 
image forming operations , 

wherein the circuitry is configured to calculate the cor 
rection value before being corrected , based on toner 
adhesion amount information of the pattern image and 
the length information of the pattern image detected by 
the detector , and 

wherein the toner adhesion amount information relates to 
an amount of toner adhering per unit area . 

11. An image forming apparatus comprising : 
a rotatable image bearer configured to bear an image ; 
a transfer rotator configured to transfer the image from the 

image bearer onto a recording medium sandwiched and 
conveyed between the image bearer and the transfer 
rotator ; 

means for detecting length information indicating a 
length , in a direction of conveyance of the recording 
medium , of the image on the recording medium ; 

means for correcting a correction value , based on the 
length information detected by the means for detecting 
and a target value of the length information , to correct 
an image magnification , in the direction of conveyance 
of the recording medium , of the image to be formed on 
the recording medium ; and 

means for controlling an image forming operation of 
forming the image on the recording medium with the 
correction value . 


