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(57) ABSTRACT 

An image forming apparatus includes a feeding roller and a 
recording unit. The feeding roller is rotatably disposed to 
convey the recording medium in a conveying direction, and 
includes a rotational axle that is eccentric and a peripheral 
Surface having an actual external dimension that is different 
from a theoretical external dimension. The recording unit 
has a head length in the conveying direction. A method of 
compensating for an error of a conveyance distance of a 
recording medium in the image forming apparatus includes 
(1) printing a first image on the recording medium; (2) 
rotating the feeding roller N turns, N being a positive 
integer; (3) printing a second image on the recording 
medium after the feeding roller has been rotated Nturns; and 
(4) determining difference of the actual external dimension 
from the theoretical external dimension, based on both the 
first image and the second image. 
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IMAGE FORMING APPARATUS, METHOD 
OF COMPENSATING FOR ERROR OF 

CONVEYANCE DISTANCE OF RECORDING 
MEDIUM IN THE SAME AND COMPUTER 
READABLE MEDIUMPROVIDED IN THE 

SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a method of acquir 
ing conveyance error in an image forming apparatus, an 
image forming apparatus acquirable conveyance error and 
an image forming apparatus control program for acquiring 
conveyance error in an image forming apparatus. 
0003 2. Description of Related Art 
0004 Conventional inkjet printers repeatedly cause an 
ink ejecting head to eject ink onto a recording medium while 
reciprocating the head in a main scanning direction, and 
conveys the recording medium in a Sub Scanning direction, 
in order to form an image on the recording medium. 
0005. The head has a plurality of inkjet ejection ports 
arranged in an array in the direction in which the recording 
medium is conveyed. The image forming apparatus is 
adapted to convey the recording medium at a rate that 
corresponds to the head length, which is the length of the 
array of the inkjet ejection ports in the direction of con 
veying the recording medium. 
0006. However, the head and a feeding roller for con 
veying the recording medium are often accompanied by a 
manufacturing error. The manufacturing error consequently 
causes a discrepancy from the theoretical value of the 
conveyance distance that is supposed to be observed when 
the head and the feeding roller are manufactured correctly. 
Therefore, as conventional practice, the discrepancy is 
detected before shipping the product and the theoretical 
value of the conveyance distance is corrected by taking the 
discrepancy into consideration at the time of actually con 
veying the recording medium so that the recording medium 
may be conveyed at the corrected conveyance distance. 
Additionally, the correction is made each time when a 
recording medium is conveyed. Then, as a result, the record 
ing medium is conveyed to the theoretically right position to 
form an image with an excellent quality. 
0007 Japanese Patent Application Publication No. 2004 
50498 discloses a method of preventing stripes from being 
produced on the printed image due to the manufacturing 
error in terms of the head and the feeding roller. The method 
disclosed in Japanese Patent Application Publication No. 
2004-50498 detects the error of the conveyance distance 
based on the manufacturing error of the head and the feeding 
roller, and corrects the detected error. 

SUMMARY OF THE INVENTION 

0008. However, it is difficult to detect the error if the 
feeding roller is eccentrically manufactured. 
0009 FIG. 1 is a graph illustrating how the conveyance 
error apparatus is detected in the conventional image form 
ing. In FIG. 8, the horizontal axis A indicates the theoretical 
conveyance distance as expressed by using a unit of mm 
(millimeter), and the vertical axis indicates the error from 
the theoretical distance as expressed by using a unit of um 
(micrometer). The term of theoretical distance as used 
therein refers to the distance by which the recording medium 
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is conveyed when the feeding roller 60 is accurately manu 
factured to show the design dimension and has no eccen 
tricity. 
0010. The solid line B shows the difference between the 
distance by which the recording medium is actually con 
veyed and the theoretical distance, while the dotted chain 
line C shows the difference between the distance by which 
the recording medium is conveyed when the feeding roller 
60 has errors of the external dimensions but does not have 
any eccentricity and the theoretical distance. The solid line 
B is a sinusoidal curve with the centerline thereof agreeing 
with the dotted chain line C and the Zero-crossing point al is 
selected as the starting point for detecting the conveyance 
eO. 

0011 Thus, if a predetermined image is printed for the 
first time at the starting point a1 and the predetermined 
image is printed for the second time at point a2 that is 
separated from the starting point a1 by predetermined dis 
tance L2, the distance error d1 between the two images 
relative to the corresponding theoretical distance is obtained 
by actually measuring the distance between the two images. 
However, the distance error d1 may include the error attrib 
utable to the eccentricity of the feeding roller 60. In other 
words, the accurate distance error is e. Note that the Zero 
crossing point is selected as the starting point a1 for detect 
ing the conveyance error in FIG. 8, the same error occurs 
when some other point is arbitrarily selected as the starting 
point a1. 
0012. In view of the above-identified problem, therefore, 
the object of the present invention is to provide a method for 
acquiring conveyance error in an image forming apparatus, 
an image forming apparatus acquirable conveyance error 
and an image forming apparatus control program for acquir 
ing conveyance error in the image forming apparatus, even 
when the feeding roller is eccentric. 
0013. In order to attain the above and other objects, the 
present invention provides a method of compensating for an 
error of a conveyance distance of a recording medium in an 
image forming apparatus. The image forming apparatus 
includes a feeding roller and a recording unit. The feeding 
roller is rotatably disposed to convey the recording medium 
in a conveying direction. The feeding roller includes a 
rotational axle that is eccentric and a peripheral Surface 
having an actual external dimension that is different from a 
theoretical external dimension and a peripheral length in the 
conveyance direction. The recording unit has a head length 
over which an image can be printed in the conveying 
direction. The method includes (1) printing a first image on 
the recording medium; (2) rotating the feeding roller N 
turns, N being a positive integer; (3) printing a second image 
on the recording medium after the feeding roller has been 
rotated N turns; and (4) determining difference of the actual 
external dimension from the theoretical external dimension, 
based on both the first image and the second image. 
0014) Another aspect of the present invention provides a 
method of compensating for an error of a conveyance 
distance of a recording medium in an image forming appa 
ratus. The image forming apparatus includes a feeding roller 
and a recording unit. The feeding roller is rotatably disposed 
to convey the recording medium in a conveying direction. 
The feeding roller includes a rotational axle that is eccentric 
and a peripheral Surface having an actual external dimension 
that is different from a theoretical external dimension and a 
peripheral length in the conveyance direction. The recording 
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unit has a head length over which an image can be printed 
in the conveying direction. The method includes (1) printing 
a first image on the recording medium; (2) rotating the 
feeding roller in turns; (3) printing a second image on the 
recording medium after the feeding roller has been rotated in 
turns; (4) rotating the feeding roller (N-0.5) turns from a 
position at which the feeding roller is when the first image 
is printed, N being a positive integer; (5) printing a third 
image on the recording medium after the feeding roller has 
been rotated (N-0.5) turns; (6) rotating the feeding roller n 
turns after the third image has been printed; (7) printing a 
fourth image on the recording medium after the third image 
has been printed and the feeding roller has been rotated in 
turns; (8) determining a first difference of the actual external 
dimension from the theoretical external dimension based on 
both the first image and the second image; (9) determining 
a second difference of the actual external dimension from the 
theoretical external dimension based on both the third image 
and the fourth image; and (10) determining difference of the 
actual external dimension from the theoretical external 
dimension based on both the first difference and the second 
difference. 

0015. Another aspect of the present invention provides an 
image forming apparatus includes a feeding roller, a record 
ing unit, a first controller, and a second controller. The 
feeding roller is rotatably disposed to convey a recording 
medium in a conveying direction. The conveying roller 
includes a rotational axle that is eccentric and a peripheral 
Surface having an actual external dimension that is different 
from a theoretical external dimension and a peripheral 
length in the conveyance direction. The recording unit has a 
head length over which an image can be printed in the 
conveying direction. The first controller controls the record 
ing unit to print a first image on the recording medium. The 
second controller controls the feeding roller to rotate N 
turns, N being a positive integer, and controls the recording 
unit to print a second image on the recording medium after 
the feeding roller has been rotated N turns. 
0016. Another aspect of the present invention provides an 
image forming apparatus including a feeding roller, a 
recording unit, a first controller, a second controller, a third 
controller, and a fourth controller. The feeding roller is 
rotatably disposed to convey a recording medium in a 
conveying direction. The conveying roller includes a rota 
tional axle that is eccentric and a peripheral Surface having 
an external dimension that is different from a theoretical 
external dimension and a peripheral length in the convey 
ance direction. The recording unit has a head length over 
which an image can be printed in the conveying direction. 
The first controller controls the recording head to print a first 
image on the recording medium. The second controller 
controls the feeding roller in turns, and controls the recording 
unit to print a second image on the recording medium after 
the feeding roller has been rotated in turns. The third con 
troller controls the feeding roller to rotate (N-0.5) turns from 
a position at which the feeding roller is when the first image 
is printed, N being a positive integer, and controls the 
recording unit to print a third image on the recording head 
after the feeding roller has been rotated (N-0.5) turns. The 
fourth controller controls the feeding roller to rotate in turns, 
and controls the recording unit to print a fourth image on the 
recording medium after the third image has been printed and 
the feeding roller has been rotated in turns. 
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0017. Another aspect of the present invention provides a 
computer readable medium provided in an image forming 
apparatus. The image forming apparatus includes a feeding 
roller and a recording unit. The feeding roller is rotatably 
disposed to convey the recording medium in a conveying 
direction. The feeding roller includes a rotational axle that is 
eccentric and a peripheral Surface having an actual external 
dimension that is different from a theoretical external dimen 
sion and a peripheral length in the conveyance direction. The 
recording unit has a head length over which an image can be 
printed in the conveying direction. The computer readable 
medium includes (1) a program for printing a first image on 
the recording medium; (2) a program for rotating the feeding 
roller N turns, N being a positive integer; (3) a program for 
printing a second image on the recording medium after the 
feeding roller has been rotated Nturns; and (4) a program for 
determining difference of the actual external dimension from 
the theoretical external dimension, based on both the first 
image and the second image. 
0018. Another aspect of the present invention provides a 
computer readable medium in an image forming apparatus. 
The image forming apparatus includes a feeding roller and 
a recording unit. The feeding roller is rotatably disposed to 
convey the recording medium in a conveying direction. The 
feeding roller includes a rotational axle that is eccentric and 
a peripheral Surface having an actual external dimension that 
is different from a theoretical external dimension and a 
peripheral length in the conveyance direction. The recording 
unit has a head length over which an image can be printed 
in the conveying direction. The computer readable medium 
includes (1) a program for printing a first image on the 
recording medium; (2) a program for rotating the feeding 
roller in turns; (3) a program for printing a second image on 
the recording medium after the feeding roller has been 
rotated in turns; (4) a program for rotating the feeding roller 
(N-0.5) turns from a position at which the feeding roller is 
when the first image is printed, N being a positive integer, 
(5) a program for printing a third image on the recording 
medium after the feeding roller has been rotated (N-0.5) 
turns; (6) a program for rotating the feeding roller in turns 
after the third image has been printed; (7) a program for 
printing a fourth image on the recording medium after the 
third image has been printed and the feeding roller has been 
rotated in turns; (8) a program for determining a first differ 
ence of the actual external dimension from the theoretical 
external dimension based on both the first image and the 
second image; (9) a program for determining a second 
difference of the actual external dimension from the theo 
retical external dimension based on both the third image and 
the fourth image; and (10) a program for determining 
difference of the actual external dimension from the theo 
retical external dimension based on both the first difference 
and the second difference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The above and other objects, features and advan 
tages of the invention will become more apparent from 
reading the following description of the preferred embodi 
ments taken in connection with the accompanying drawings 
in which: 

0020 FIG. 1 is a graph showing conveyance error of a 
conventional image forming apparatus; 
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0021 FIG. 2 is a schematic lateral view of a head section 
and a conveyance section of a color inkjet printer of the first 
embodiment; 
0022 FIG. 3 is a schematic plan view of an inkjet head; 
0023 FIG. 4 is a schematic block diagram of an electric 
circuit of the color inkjet printer; 
0024 FIG. 5A is a graph showing a relation between a 
theoretical distance by which the recording medium should 
be conveyed and an actual distance by which the recording 
medium is actually conveyed in a first method; 
0025 FIG. 5B is a graph showing a relation between a 
theoretical distance by which the recording medium should 
be conveyed and an actual distance by which the recording 
medium is actually conveyed in a second method; 
0026 FIG. 6A shows the relative positions of the inkjet 
head with respect to recording medium when the convey 
ance distance is detected; 
0027 FIG. 6B is a schematic plan view of the patterns 
printed on the recording medium; 
0028 FIG. 7 is a flowchart showing a printing process for 
detecting the conveyance error; and 
0029 FIG. 8 is a flowchart showing a check pattern 
printing process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0030. An image forming apparatus according to preferred 
embodiments of the present invention will be described 
while referring to the accompanying drawings wherein like 
parts and components are designated by the same reference 
numerals to avoid duplicating description. 
0031. In the following description, the expressions 
“front”, “rear”, “upper”, “lower”, “right', and “left” are used 
to define the various parts when the image forming appara 
tus is disposed in an orientation in which it is intended to be 
used. 
0032 FIG. 2 is a schematic lateral view of the head 
section and the conveyance section of the color ink jet 
printer 1 that is the image forming apparatus of the present 
invention. The head section of the color inkjet printer 1 
includes an inkjet head 6 for printing an image on recording 
medium Panda carriage 64 mounting the inkjet head 6. The 
conveyance section includes a platen 66 arranged opposite 
to the inkjet head 6, a pair offeeding roller 60 for conveying 
the recording medium P while pinching the recording 
medium P between them, and a pair of delivery roller 61 for 
conveying the recording medium P while pinching the 
recording medium P between them. The recording medium 
P may be a sheet of paper Such as ordinary paper or glossy 
paper or a sheet of cloth. 
0033. The carriage 64 is driven to rotate forwardly and 
backwardly by a CR motor (see FIG. 4) and reciprocate in 
a direction perpendicular to (to the drawing) the sheet 
feeding direction (as indicated by arrow B). 
0034. The recording medium P is fed from a sheet 
feeding cassette (not shown) of the color inkjet printer 1 and 
conveyed to between the lower surface 6a (FIG. 3) of the ink 
jet head 6 and the platen 66 in the direction of arrow B (the 
Sub-Scanning direction: a direction perpendicular to a main 
scanning direction A) through the feeding roller 60. An 
image is printed on the recording medium P by the ink 
ejected from a plurality of nozzles 53 (FIG. 3) formed in the 
inkjet head 6 and then the recording medium P is discharged 
by the delivery roller 61. 
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0035. Now, the inkjet head 6 will be described in greater 
detail by referring to FIG. 3. As shown in FIG. 3, the nozzles 
53 are arrayed on the lower surface 6a of the inkjet head 6 
to form a row for each ink color of cyan, magenta, yellow 
and black in the conveyance direction B of conveying the 
recording medium P. The pitch of arrangement of nozzles 53 
and the number of nozzles 53 in the direction of arrangement 
are selected appropriately according to the resolution of the 
image to be recorded. The number of rows of the nozzles 53 
can be increased or decreased according to the number of 
types of color ink. The length in the conveyance direction B 
of a range in which the plurality of nozzles 53 is arrayed is 
referred to as nozzle length hereinafter. 
0036 Now, the configuration of the electric circuit of the 
color inkjet printer 1 will be described by referring to FIG. 
4. FIG. 4 is a schematic block diagram of the color inkjet 
printer 1, showing the configuration of the electric circuit 
thereof. The control apparatus for controlling the color ink 
jet printer 1 includes a main body side control substrate 12 
and a carriage substrate 13. A microcomputer (CPU) 32 
realized as a single chip, a ROM 33 storing the various 
control programs to be executed by the CPU 32 and fixed 
value data, a RAM 34 for temporarily storing various data, 
a flash memory 35, an image memory 37, a G/A (gate array) 
36 and other components are mounted on the main body side 
control substrate 12. 
0037. The CPU 32 that is a processing apparatus gener 
ates a printing timing signal and a reset signal according to 
the control program stored in the ROM 33 in advance and 
transfers the signals to the gate array 36, which will be 
described in greater detail hereinafter. The CPU 32 is 
connected to an operation panel 45 to be operated by the user 
to issue directives for printing, a CR motor drive circuit 39 
for driving a carriage motor (CR motor) 16 for the purpose 
of operating the carriage 64, an LF motor drive circuit 41 for 
operating a conveyance motor (LF motor) 40 for driving the 
feeding roller 60, a media sensor 50, a paper sensor 42, a 
linear encoder 43 and a rotary encoder 46. These devices are 
controlled by CPU 32. 
0038. The paper sensor 42 is sensor for detecting the 
front edge of the recording medium P that is arranged at the 
upstream side relative to the feeding roller 60 in a conveying 
direction. The paper sensor 42, for example, includes a 
detector adapted to turn as the detector contacts the record 
ing medium P and a photo-interrupter adapted to detect the 
turn of the detector. The linear encoder 43 is adapted to 
detect the distance of movement of the carriage 64. The 
reciprocal motion of the carriage 64 is controlled as a 
photo-interrupter (not shown) detects the encoded quantity 
of the linear encoder 43. The rotary encoder 46 is adapted to 
detect the extent by which the feeding roller 60 is rotated. A 
photo-interrupter (not shown) detects the encoded quantity 
of the rotary encoder 46 to control the feeding roller 60. In 
other words, the position to which the recording medium P 
is actually conveyed by the feeding roller 60 can be detected 
with a predetermined degree of accuracy by means of the 
rotary encoder 46. 
0039. The ROM 33 stores a printing control program 33a 
which is a program that executes a printing process which 
will be described in greater detail hereinafter (see FIGS. 7 
and 8). The flash memory 35 includes a correction value 
memory 35a. The theoretical distance of conveyance for 
conveying the recording medium P and the discrepancy 
between the theoretical distance of conveyance and the 
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actual detection of conveyance are determined in advance by 
pre-shipment test and stored in the correction value memory 
35a. The flash memory 35 also includes a fixed value 
memory (not. shown) that stores as fixed values the control 
data for driving the feeding roller to make a full turn (of 360 
degrees) or a half turn (of 180 degrees), the head length, the 
conveyance period of a full turn of the feeding roller 60 and 
the distance by which the recording medium P is conveyed 
in the conveyance period. The CPU 32 is connected to the 
ROM 33, the RAM34, the flash memory 35 and the G/A36 
via a bus line 45. 
0040. The G/A36 outputs recording data (drive signal) 
for recording the image data stored in the image memory 37 
on the recording medium P transfer clock synchronized with 
the recording data, latch signal, parameter signal for gener 
ating a basic drive wave signal and ejection timing signal to 
be output with a predetermined cycle according to timing 
signal transferred from the CPU 32 and image data stored in 
the image memory 37 and transfers these signals to the 
carriage substrate 13 on which the head driver is mounted. 
0041 Additionally, the G/A 36 stores the video data 
transferred thereto from an external apparatus Such as a 
computer via an interface (I/F) 44, which may be a USB, in 
the image memory 37. Then, the G/A36 generates a data 
reception interrupt signal according to the data transferred 
via the I/F 44 from the computer and transfers the signal to 
the CPU 32. The signals that are exchanged between the G/A 
36 and the carriage substrate 13 are transmitted via a harness 
cable that connect them to each other. 
0042. The carriage substrate 13 is a substrate for driving 
the inkjet head 6 by means of the head driver (drive circuit) 
mounted on the substrate 13. The inkjet head 6 and the head 
driver are connected to each other by a flexible wiring board 
19 carrying a wiring pattern of copper foil formed on a 50 
to 150 um thick polyimide film. The head driver is controlled 
by the G/A36 that is mounted on the main body side control 
Substrate 12 So as to apply a drive pulse showing a waveform 
that matches the selected recording mode to the piezoelectric 
actuator of the ink jet head 6. Then, ink is ejected at a 
predetermined rate. 
0043. Now, the method of detecting the error of the 
conveyance distance according to the present embodiment 
will be described below by referring to FIGS. 5A and 5B, 
and FIGS. 6A and 6B. In the present embodiment, the error 
of the conveyance distance is assumed to be caused only by 
variation in the error of the dimension of the feeding roller 
60. The detecting method in the present embodiment 
includes a first method and a second method. 
0044) The first method will be described by referring to 
FIGS.5A, 6A and 6B. FIG. 5A is a graph showing a relation 
between a theoretical distance by which the recording 
medium P should be conveyed and an actual distance by 
which the recording medium P is actually conveyed. In FIG. 
5A, a horizontal axis A indicates a theoretical distance with 
a unit of mm (millimeter) and a vertical axis indicates a 
difference of the actual distance from the theoretical distance 
with a unit of um (micrometer). The theoretical distance 
means a distance by which the recording medium P is 
conveyed as the feeding roller 60 having neither a dimen 
sional error nor an eccentricity rotates. 
0045. The solid line B shows a difference of the actual 
distance from the corresponding theoretical distance, when 
the feeding roller 60 has both the dimensional error and the 
eccentricity. The dotted chain line C shows a difference of 
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the actual distance from the corresponding theoretical dis 
tance, when the feeding roller has the dimensional error but 
does not have any eccentricity. Thus, the solid line B takes 
a sinusoidal curve with a baseline thereof agreeing with the 
dotted chain line C. 
0046. In FIG. 5A, when the theoretical distance is “al, 
the actual distance differs from “all” by “d1”. When the 
feeding roller 60 makes a full turn in a state that the 
theoretical distance is “al', the theoretical distance becomes 
“a2. When the theoretical distance is “a2, the actual 
distance differs from “a2” by “d2. Since the feeding roller 
60 has made a full turn, there is no influence of the 
eccentricity between “d 1” and “d2. Thus, the broken line D 
connecting the two positions on the Solid line B correspond 
ing to “all” and “a2 runs in parallel with the dotted chain 
line C. 
0047. Similarly, in FIG.5A, when the theoretical distance 

is “a3, the actual distance differs from “a3” by “d3”. When 
the feeding roller 60 makes a full turn in a state that the 
theoretical distance is “a3, the theoretical distance becomes 
“a4. When the theoretical distance is “a4, the actual 
distance differs from “a4” by “d4. Thus, the broken line E 
connecting the two positions on the Solid line B correspond 
ing to “a3 and “a4 runs in parallel with the dotted chain 
line C. 
0048. When the feeding roller 60 rotates a first printing 
turn, the theoretical distance is “all” or “a3” in the present 
embodiment. Then, when the feeding roller 60 makes a full 
turn in a state that the theoretical distance is “all” or “a3”, 
that is, the feeding roller 60 rotates a second printing turn, 
the theoretical distance is “a2 or “a4. Note that though the 
above description has been made with respect to the case in 
which the feeding roller 60 makes a full turn, the feeding 
roller 60 may make N turns (N being a natural number not 
smaller than 1). 
0049. Thus, by measuring both the actual distance (a1+ 
d1, or, a3+d3) and the actual distance (a2+d2, or, a4+d4), the 
dotted chain line C showing a difference of the actual 
distance from the corresponding theoretical distance when 
the feeding roller has the dimensional error can be accu 
rately detected. 
0050. Next, the method of measuring the difference of the 
actual distance from the theoretical distance will be 
described below by referring to FIGS. 6A and 6B. FIG. 6A 
is a schematic plan view of the inkjet head 6, showing the 
relative positions of the ink jet head 6 with respect to 
recording medium P when the conveyance distance is 
detected and FIG. 6B is a schematic plan view of the patterns 
printed on the recording medium P. 
0051. The printed patterns shown in FIG. 6A are depicted 
under an assumption that the inkjet head 6 is moved and the 
recording medium P were stationary, although the inkjet 
head 6 is stationary and the recording medium P is moved 
in reality. The upper figure in FIG. 6A shows the inkjet head 
6 when the feeding roller 60 rotates the first printing turn and 
the lower figure in FIG. 6A shows the inkjet head 6 when 
the feeding roller 60 rotates the second printing turn. Solid 
lines and broke lines in FIG. 6B are printed at the shaded 
parts of the inkjet heads 6. 
0.052 The recording medium P is conveyed as the feeding 
roller 60 rotates. If the feeding roller 60 is formed with the 
right dimension, the solid lines (a) and (b) in FIG. 6B are 
printed when the feeding roller 60 rotates the first printing 
turn. 
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0053. In the present embodiment, a distance between the 
solid line (a) and the solid lines (b) when the feeding roller 
60 is formed with the right dimension is measured in 
advance The inkjet head 6 prints the solid line (a) and the 
solid lines (b), before printing broken lines in FIG. 6B. 
0054 Next, the inkjet head 6 prints (1) first broken lines 
when the feeding roller 60 rotates the second printing turn 
minus two worth micro turn A, (2) second broken lines when 
the feeding roller 60 rotates the second printing turn minus 
one worth micro turn A, and (3) third broken lines when the 
feeding roller 60 rotates the second printing turn. 
0055 For the purpose of simplicity of explanation, the 
broken lines are printed at only three positions in FIG. 6B. 
However, the broken lines are actually printed at the number 
of positions. As seen from FIGS. 6A and 6B, the solid lines 
and the broken lines are printed so as to run in a direction 
perpendicular to the direction B of conveying the recording 
medium P. 
0056. The difference of the actual distance from the 
theoretical distance in full turn of the feeding roller 60 can 
be detected by selecting the broken line, with eyes, aligning 
with the solid line (b) and counting how long the selected 
broken line shifts from the solid line (b). 
0057 While the first method can be applied when the 
head length is greater than the distance by which the 
recording medium P is conveyed while the feeding roller 60 
makes a full turn (to be referred to as conveyance cycle 
hereinafter), the first method is not used when the head 
length is smaller than the conveyance cycle. The second 
method can be applied regardless of the relationship 
between the head length and the conveyance cycle. 
0058 Next, the second method will be described by 
referring to FIGS. 5B, 6A and 6B. FIG. 5B is a graph 
showing a relation between a theoretical distance by which 
the recording medium P should be conveyed and an actual 
distance by which the recording medium P is actually 
conveyed. As shown in FIG. 5B, the point on the horizontal 
axis A where the measurement is started is denoted by “a 1. 
the point on the horizontal axis A separated from “all” by the 
theoretical distance “L1 is denoted by “a2, the point on the 
horizontal axis A that corresponds to a half turn of the 
feeding roller 60 from “all” is denoted by “a3 and the point 
on the horizontal axis. A separated from “a3' by the theo 
retical distance “L1 is denoted by “a4. 
0059. When the feeding roller 60 rotates a first printing 
turn, the theoretical distance is “all”. Then, when the feeding 
roller 60 rotates by the theoretical distance “L1 in a state 
that the theoretical distance is “all”, that is, the feeding roller 
60 rotates a second printing turn, the theoretical distance 
becomes “a2. When the theoretical distance is “a2, the 
actual distance differs from “a2 by “d1. As shown in FIG. 
5B, the difference of the distance based on the dimensional 
error of the feeding roller 60 is “el” and the difference of the 
distance based on the eccentricity of the feeding roller 60 is 
“f”. 
0060. On the other hand, when the feeding roller 60 
makes a half turn in a state that the theoretical distance is 
“a1, that is, the feeding roller 60 rotates a third printing 
turn, the theoretical distance becomes “a3’. When the feed 
ing roller 60 rotates by the theoretical distance “L1 in a 
state that the theoretical distance is “a3, that is, the feeding 
roller 60 rotates a fourth printing turn, the theoretical dis 
tance becomes “a4. When the theoretical distance is “a4, 
the actual distance differs from “a4” by “d4. As shown in 
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FIG. 5B, the difference of the distance based on the dimen 
sional error of the feeding roller 60 is "e2 and the difference 
of the distance based on the eccentricity of the feeding roller 
6O is f2. 
0061. Of the above difference, “fland “f2' based on the 
eccentricity of the feeding roller 60 show respective polari 
ties that are different from each other and the same absolute 
value. The solid line B is a sinusoidal curve with the base 
line thereof agreeing with the dotted chain line C and all the 
equidistant points from the Zero-crossing point on the Solid 
line B are separated from the base line of the sinusoidal 
curve by the same distance. Then, all the distances from the 
respective equidistant points to the point of intersection of 
the centerline of the two straight lines connecting the 
equidistant points are equal. 
0062. Additionally, "e1 and "e2 are equal to each other 
in terms of both polarity and absolute value. Thus, the 
following equation is obtained by adding “d1 and “d2. 

0063 Thus, an equation of e1=(d1+d2)/2 can be 
obtained. The difference of the distance based on the dimen 
sional error of the feeding roller 60 from which the error 
based on the eccentricity of the feeding roller 60 has been 
removed can be detected. 
0064. Next, the method of measuring the difference of the 
actual distance from the theoretical distance will be 
described below by referring to FIGS. 6A and 6B. 
0065. As the first method, a distance between the solid 
line (a) and the solid lines (b) when the feeding roller 60 is 
formed with the right dimension is measured in advance. 
The inkjet head 6 prints the solid line (a) and the solid lines 
(b), before printing broken lines in FIG. 6B. 
0.066 Next, the inkjet head 6 prints (1) first broken lines 
when the feeding roller 60 rotates the second printing turn 
minus two worth micro turn A, (2) second broken lines when 
the feeding roller 60 rotates the second printing turn minus 
one worth micro turn A, and (3) third broken lines when the 
feeding roller 60 rotates the second printing turn. 
0067 For the purpose of simplicity of explanation, the 
broken lines are printed at only three positions in FIG. 6B. 
However, the broken lines are actually printed at the number 
of positions. As seen from FIGS. 6A and 6B, the solid lines 
and the broken lines are printed so as to run in a direction 
perpendicular to the direction B of conveying the recording 
medium P. 

0068 A first difference “d 1 of the actual distance from 
the theoretical distance when the feeding roller 60 rotates by 
the theoretical distance “L1 in a state that the theoretical 
distance is “a 1 can be detected by selecting the broken line, 
with eyes, aligning with the Solid line (b) and counting how 
long the selected broken line shifts from the solid line (b). 
0069. Thereafter, the feeding roller 60 rotates a half turn, 
that is, the feeding roller 60 rotates the third printing turn in 
a state before the feeding roller 60 rotates the second 
printing turn, and the inkjet head 6 prints the solid line (a) 
and the Solid lines (b) again, before printing the broken lines 
in FIG. 6B. 
(0070. Next, the inkjet head 6 prints (1) first broken lines 
when the feeding roller 60 rotates the fourth printing turn 
minus two worth micro turn A, (2) second broken lines when 
the feeding roller 60 rotates the fourth printing turn minus 
one worth micro turn A, and (3) third broken lines when the 
feeding roller 60 rotates the fourth printing turn. 
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0071. For the purpose of simplicity of explanation, the 
broken lines are printed at only three positions in FIG. 6B. 
However, the broken lines are actually printed at the number 
of positions. As seen from FIGS. 6A and 6B, the solid lines 
and the broken lines are printed so as to run in a direction 
perpendicular to the direction B of conveying the recording 
medium P. 
0072 A second difference “d2 of the actual distance 
from the theoretical distance when the feeding roller 60 
rotates by the theoretical distance “L1 in a state that the 
theoretical distance is “a3” can be detected by selecting the 
broken line, with eyes, aligning with the solid line (b) and 
counting how long the selected broken line shits from the 
solid line (b). 
0073. While the first difference “d1 and the second 
difference “d2 may include the difference based on the 
eccentricity of the feeding roller 60, the difference “fl” 
based on the eccentricity included in the first difference and 
the difference “f2' based on the eccentricity included in the 
second difference show respective polarities that are differ 
ent from each other without fail and the same absolute value. 
0074 Thus, by using the equation: e1=(d1+d2)/2, the 
difference "el of the actual distance from the theoretical 
distance that does not include the difference “fl' and “f2' 
based on the eccentricity of the feeding roller 60 can be 
accurately detected. 
0075 While both “all” and “a3' are located at the center 
of the swinging motion of the feeding roller 60 due to 
eccentricity and the zero-crossing point in FIG. 5B, the 
above-defined relationship holds true if the feeding roller 60 
rotates the third printing turn (a half turn) from a state before 
the feeding roller 60 rotates the second printing turn. 
0076 Now, the printing process for detecting the error of 
the conveyance distance that is executed by the CPU 32 of 
the color ink jet printer 1 will be described below by 
referring to FIGS. 7 and 8. The printing process is executed 
as the operator operates the operation panel 45 before the 
shipment or after a repair. 
0077 Firstly, whether the head length is greater than the 
conveyance cycle or not is determined (S1). Data with 
respect to the head length and the conveyance cycle is stored 
in the flash memory 35. If the head length is greater than the 
conveyance cycle (S1: Yes), the above-described first 
method is employed for detecting the error of the convey 
ance distance. If, on the other hand, the head length is not 
greater than the conveyance cycle (S1: No), the above 
described second method is employed for detecting the 
conveyance error. 
0078. When the first method is used to detect the error of 
the conveyance distance, firstly the feeding roller 60 is 
driven to convey the recording medium P by a predeter 
mined length (S2). The recording medium P is conveyed to 
the printing starting point for the ordinary printing operation 
by conveying the recording medium P by the predetermined 
length. Firstly, a check pattern of the solid lines (a) and (b) 
shown in FIG. 6B is printed at this starting point (S3). 
0079. Then, the feeding roller 60 is driven to convey the 
recording medium P to the position that corresponds to the 
distance equal to the conveyance cycle less Axin (S4), where 
“A” is a micro turn and “n” is a positive integer. Thereafter, 
a check pattern of the broken lines shown in FIG. 6B is 
printed (S5). While this process will be described in greater 
detail hereinafter by referring to FIG. 8, the check pattern of 
the broken lines shown in FIG. 6B is printed at a total of 2n 
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positions including n positions that are separated from each 
other by “A” and are shorter than the conveyance cycle and 
“n” positions that are separated from each other by “A” and 
are longer than the conveyance cycle. Then, the error of the 
conveyance distance can be detected by comparing the 2n 
printed pattern with the image obtained as a result of the 
processing step of S3. The printing process ends when the 
check pattern printing process of S5 ends. 
0080) If, on the other hand, the head length is determined 
to be not greater than the conveyance cycle in the processing 
step of S1 (S1: No), the second method is used to detect the 
error of the conveyance distance. Firstly, the feeding roller 
60 is driven to convey the recording medium P to a first 
starting position corresponding to “all” in FIG. 5B (S11), 
and then, a check pattern of Solid lines (a) and (b) shown in 
FIG. 6B is printed at the first starting position (S12). 
I0081. Then, the recording medium P is conveyed from 
the first starting position to the position that corresponds to 
the value equal to the predetermined length L1 less Axn 
(S13) and a check pattern printing process is executed at the 
position (S14). The printing process of S14 is a process for 
printing a check pattern of the broken line shown in FIG. 6B 
at 2n positions like the processing step of S5. 
I0082. Then, the feeding roller 60 is driven to make a half 
turn to convey the recording medium P from the first starting 
position to a second starting position (S15) and a check 
pattern of the solid lines shown in FIG. 6B is printed at the 
second starting position (S16). Thereafter, the recording 
medium P is conveyed from the second starting position to 
the position that corresponds to the value equal to the 
predetermined length L1 less Axin (S17) and a check pattern 
printing process is executed there (S18). The printing pro 
cess of S18 is a process similar to that of S14. The printing 
process ends when the processing step of S18 ends. 
I0083. Now, the check pattern printing process will be 
described below by referring to FIG. 8. The check pattern 
printing process is a Subroutine. Firstly, 1st broken line 
shown in FIG. 6B is printed at the position to which the 
recording medium P is conveyed (S21). Then, 1 is subtracted 
from the value of 2n (S22) and whether the value of 2n is 
equal to 0 or not is determined (S23). If the value of 2n is 
equal to 0 (S23: Yes), the check pattern printing process is 
ended and the original process is resumed. If on the other 
hand, the value of 2n is not equal to 0 (S23: No), the 
recording medium P is conveyed from that position by A 
(S24) and the process returns to the processing step S21. 
I0084 As described above, by referring to the flowcharts 
of FIGS. 7 and 8, when the head length is longer than the 
conveyance cycle, the error of the conveyance distance is 
detected by means of the first method. In other words, the 
check pattern of the solid lines is printed at the starting 
position and then the feeding roller 60 is driven to make 
exactly a full turn in order to convey the recording medium 
P from the starting position. Then, the check pattern of the 
broken lines is printed at the position to which the recording 
medium P is conveyed. 
I0085. Then, the error of the conveyance distance can be 
detected by visually checking the printed check patterns. 
Thus, as a result, the error of the conveyance distance can be 
accurately detected even if the feeding roller 60 has eccen 
tricity. 
I0086. The detected error of the conveyance distance is 
then stored in the correction value memory 35a of the flash 
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memory 35 and retrieved therefrom before a printing is 
executed so that the recording medium P is conveyed 
accurately. 
0087. When the head length is not greater than the 
conveyance cycle, the error of the conveyance distance is 
detected by means of the second method. In other words, the 
check pattern of the solid lines is printed at the first starting 
position and then the check pattern of the broken lines is 
printed at the position that is separated from the first starting 
position by a predetermined distance. Then, the first differ 
ence “d 1 can be detected by visually checking the printed 
check patterns. Thereafter, the feeding roller 60 is driven to 
make a half turn to convey the recording medium P from the 
first starting position to the second starting position and the 
check pattern of the Solid lines is printed again at the 
position. Then, the check pattern of the broken lines is 
printed at the position that is separated from the second 
starting position by the predetermined distance. Then, the 
second difference “d2 can be detected by visually checking 
the printed check patterns. Thus, the error of the conveyance 
distance can be accurately detected by computationally 
determining the average of the first difference “d 1 and the 
second difference “d2 even if the feeding roller 60 has 
eccentrically. 
0088. While the invention has been described in detail 
with reference to the specific embodiment thereof, it would 
be apparent to those skilled in the art that various changes 
and modifications may be made therein without departing 
from the spirit of the invention. 
0089 For example, the image forming apparatus 1 is a 
color inkjet printer in the above embodiment, the apparatus 
1 may alternatively be a monochromatic inkjet printer, a 
facsimile apparatus or a copying machine so long as the 
apparatus 1 is adapted to sequentially convey a recording 
medium P by driving the feeding roller 60 to rotate and form 
an image on the recording medium P. 
0090 While the ink head 6 is adapted to repeatedly 
reciprocate in the main Scanning direction in the above 
described embodiment, an image forming apparatus accord 
ing to the present invention may alternatively have a head 
that is sufficiently long and held stationary in the main 
scanning direction. 
0091. While the image formed at the first position and the 
image formed at the second position are made to partly 
overlap each other in the direction of conveying the record 
ing medium Pand the conveyance erroris detected by means 
of the overlap in the above-described embodiment, some 
other method that is adapted to detect the distance between 
the image printed at the first position and the image printed 
at the second position may alternatively be used. For 
example, a check pattern may be printed on a recording 
medium P by means of an image forming apparatus whose 
feeding roller 60 is not eccentric or an image forming 
apparatus in which the eccentricity of the feeding roller 60 
thereof has already been corrected and the recording 
medium P is mounted in the image forming apparatus for 
detecting the conveyance error in order to detect the con 
Veyance error by printing a check pattern at the first and 
second positions. 
What is claimed is: 
1. A method of compensating for an error of a conveyance 

distance of a recording medium in an image forming appa 
ratus including: a feeding roller rotatably disposed to convey 
the recording medium in a conveying direction, the feeding 

Aug. 2, 2007 

roller including a rotational axle that is eccentric and a 
peripheral Surface having an actual external dimension that 
is different from a theoretical external dimension and a 
peripheral length in the conveyance direction; and a record 
ing unit having a head length over which an image can be 
printed in the conveying direction, the method comprising: 

printing a first image on the recording medium; 
rotating the feeding roller N turns, N being a positive 

integer, 
printing a second image on the recording medium after 

the feeding roller has been rotated N turns; and 
determining difference of the actual external dimension 

from the theoretical external dimension, based on both 
the first image and the second image. 

2. The method according to claim 1, wherein the periph 
eral length is Smaller than the head length. 

3. The method according to claim 1, further comprising 
adjusting, based on the difference of the actual external 
dimension from the theoretical external dimension, a rota 
tional amount of the feeding roller for conveying the record 
ing medium relative to the recording unit on a step-by-step 
basis so that the first image and the second image are 
brought into a possible closest continuity in the conveying 
direction. 

4. A method of compensating for an error of a conveyance 
distance of a recording medium in an image forming appa 
ratus including: a feeding roller rotatably disposed to convey 
the recording medium in a conveying direction, the feeding 
roller including a rotational axle that is eccentric and a 
peripheral Surface having an actual external dimension that 
is different from a theoretical external dimension and a 
peripheral length in the conveyance direction; and a record 
ing unit having a head length over which an image can be 
printed in the conveying direction, the method comprising: 

printing a first image on the recording medium; 
rotating the feeding roller in turns; 
printing a second image on the recording medium after 

the feeding roller has been rotated in turns; 
rotating the feeding roller (N-0.5) turns from a position at 

which the feeding roller is when the first image is 
printed, N being a positive integer, 

printing a third image on the recording medium after the 
feeding roller has been rotated (N-0.5) turns; 

rotating the feeding roller in turns after the third image has 
been printed; 

printing a fourth image on the recording medium after the 
third image has been printed and the feeding roller has 
been rotated in turns; 

determining a first difference of the actual external dimen 
sion from the theoretical external dimension based on 
both the first image and the second image: 

determining a second difference of the actual external 
dimension from the theoretical external dimension 
based on both the third image and the fourth image; and 

determining difference of the actual external dimension 
from the theoretical external dimension based on both 
the first difference and the second difference. 

5. The method according to claim 4, wherein the periph 
eral length of n turns worth of the feeding roller is smaller 
than the head length. 

6. The method according to claim 4, further comprising 
adjusting, based on the difference of the actual external 
dimension from the theoretical external dimension, a rota 
tional amount of the feeding roller for conveying the record 
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ing medium relative to the recording unit on a step-by-step 
basis so that the first image and the second image are 
brought into a possible closest continuity in the conveying 
direction and so that the third image and the fourth image are 
brought into a possible closest continuity in the conveying 
direction. 

7. An image forming apparatus comprising: 
a feeding roller rotatably disposed to convey a recording 
medium in a conveying direction, the conveying roller 
including a rotational axle that is eccentric and a 
peripheral Surface having an actual external dimension 
that is different from a theoretical external dimension 
and a peripheral length in the conveyance direction; 

a recording unit having a head length over which an image 
can be printed in the conveying direction; 

a first controller configured to control the recording unit 
to print a first image on the recording medium; and 

a second controller configured to control the feeding roller 
to rotate N turns, N being a positive integer, and control 
the recording unit to print a second image on the 
recording medium after the feeding roller has been 
rotated N turns. 

8. The image forming apparatus according to claim 7. 
wherein the peripheral length is smaller than the head length. 

9. The image forming apparatus according to claim 7. 
wherein the second controller controls the feeding roller to 
convey the recording medium relative to the recording unit 
on a step-by-step basis so that the second image are brought 
into a possible closest continuity with the first image in the 
conveying direction. 

10. An image forming apparatus: 
a feeding roller rotatably disposed to convey a recording 
medium in a conveying direction, the conveying roller 
including a rotational axle that is eccentric and a 
peripheral Surface having an external dimension that is 
different from a theoretical external dimension and a 
peripheral length in the conveyance direction; 

a recording unit having a head length over which an image 
can be printed in the conveying direction; 

a first controller configured to control the recording head 
to print a first image on the recording medium; 

a second controller configured to control the feeding roller 
in turns, and control the recording unit to print a second 
image on the recording medium after the feeding roller 
has been rotated in turns; 

a third controller configured to control the feeding roller 
to rotate (N-0.5) turns from a position at which the 
feeding roller is when the first image is printed, N being 
a positive integer, and control the recording unit to print 
a third image on the recording head after the feeding 
roller has been rotated (N-0.5) turns; and 

a fourth controller configured to control the feeding roller 
to rotate in turns, and control the recording unit to print 
a fourth image on the recording medium after the third 
image has been printed and the feeding roller has been 
rotated in turns. 

11. The image forming apparatus according to claim 10, 
wherein the peripheral length of n turns worth of the feeding 
roller is smaller than the head length. 

12. The image forming apparatus according to claim 10, 
wherein the second controller controls the feeding roller to 
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convey the recording medium relative to the recording unit 
on a step-by-step basis so that the first image and the second 
image are brought into a possible closest continuity with the 
first image in the conveying direction and so that the third 
image and the fourth image are brought into a possible 
closest continuity in the conveying direction. 

13. A computer readable medium provided in an image 
forming apparatus including: a feeding roller rotatably dis 
posed to convey the recording medium in a conveying 
direction, the feeding roller including a rotational axle that 
is eccentric and a peripheral Surface having an actual exter 
nal dimension that is different from a theoretical external 
dimension and a peripheral length in the conveyance direc 
tion; and a recording unit having a head length over which 
an image can be printed in the conveying direction, the 
computer readable medium comprising: 

a program for printing a first image on the recording 
medium; 

a program for rotating the feeding roller N turns, N being 
a positive integer, 

a program for printing a second image on the recording 
medium after the feeding roller has been rotated N 
turns; and 

a program for determining difference of the actual exter 
nal dimension from the theoretical external dimension, 
based on both the first image and the second image. 

14. The computer readable medium according to claim 
13, wherein the peripheral length is smaller than the head 
length. 

15. The computer readable medium according to claim 
13, further comprising a program for adjusting, based on the 
difference of the actual external dimension from the theo 
retical external dimension, a rotational amount of the feed 
ing roller for conveying the recording medium relative to the 
recording unit on a step-by-step basis so that the first image 
and the second image are brought into a possible closest 
continuity in the conveying direction. 

16. A computer readable medium in an image forming 
apparatus including: a feeding roller rotatably disposed to 
convey the recording medium in a conveying direction, the 
feeding roller including a rotational axle that is eccentric and 
a peripheral Surface having an actual external dimension that 
is different from a theoretical external dimension and a 
peripheral length in the conveyance direction; and a record 
ing unit having a head length over which an image can be 
printed in the conveying direction, the computer readable 
medium comprising: 

a program for printing a first image on the recording 
medium; 

a program for rotating the feeding roller in turns; 
a program for printing a second image on the recording 
medium after the feeding roller has been rotated in 
turns; 

a program for rotating the feeding roller (N-0.5) turns 
from a position at which the feeding roller is when the 
first image is printed, N being a positive integer, 

a program for printing a third image on the recording 
medium after the feeding roller has been rotated (N-0. 
5) turns; 

a program for rotating the feeding roller in turns after the 
third image has been printed; 
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a program for printing a fourth image on the recording 
medium after the third image has been printed and the 
feeding roller has been rotated in turns; 

a program for determining a first difference of the actual 
external dimension from the theoretical external 
dimension based on both the first image and the second 
image; 

a program for determining a second difference of the 
actual external dimension from the theoretical external 
dimension based on both the third image and the fourth 
image; and 

a program for determining difference of the actual exter 
nal dimension from the theoretical external dimension 
based on both the first difference and the second 
difference. 
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17. The computer readable medium according to claim 
16, wherein the peripheral length of n turns worth of the 
feeding roller is smaller than the head length. 

18. The computer readable medium according to claim 
16, further comprising a program for adjusting, based on the 
difference of the actual external dimension from the theo 
retical external dimension, a rotational amount of the feed 
ing roller for conveying the recording medium relative to the 
recording unit on a step-by-step basis so that the first image 
and the second image are brought into a possible closest 
continuity in the conveying direction and so that the third 
image and the fourth image are brought into a possible 
closest continuity in the conveying direction. 

k k k k k 


