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DOCUMENT IMAGE READING DEVICE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an image reading 
device for use in a facsimile, a copying machine and a 
Scanner, which device can read an image data from a 
Specified area of an original document by using an original 
document reading mechanism Such as a line Sensor for 
reading image data from an original image at a Specified 
time-interval based on a reference clock and a mechanism 
for moving the original document or the image reading 
mechanism. 

0002 Conventional facsimiles and copying machines, 
which read an original document image by using an image 
reading System using a line Sensor consisting of linearly 
arranged image Sensors Such as CCDS, involve Such a 
common problem that a distorted image may be produced 
due to fluctuation (variation) of document image Scanning 
Speed since the document or the reading head is mechani 
cally moved in the feed (vertical Scanning) direction. 
0003 Japanese Laid-Open Patent Publication No. 
4-196964 discloses an image reading device that can detect 
a change in the Scanning speed (fluctuation) by using a 
flowchart as shown in FIG. 1. 

0004. The image reading device reads a document image 
together with an equal-pitch Scale (reference Scale) consist 
ing of high-density and low-density lines of the same width, 
which lines are arranged alternatively at the same distance in 
the feed direction. Namely, its image-reading means Such as 
a line Sensor read the document image and the equal-pitch 
Scale at the same time, detects read-time intervals of respec 
tive line-to-line distances of the Scale (i.e., each distance 
from a high-density line to Subsequent low-density line) and 
compares the detected time-intervals with the known refer 
ence value to determine the Scanning Speed fluctuation. 
0005 The essence of the art described in Japanese Laid 
Open Patent Publication No. 4-196964 consists in that the 
fluctuation of the Scanning Speed is determined by reading 
the image together with an equal-pitch Scale disposed in the 
feed direction and comparing read-time intervals of the Scale 
lines with the known reference value. This method can 
improve the accuracy of image Scanning to compensate the 
possible distortion of a reproduced image due to fluctuation 
of the Scanning Speed without a considerable increase of the 
manufacturing cost of the image reading device. 

0006. However, the line sensor used in the above-de 
Scribed device is driven by clock signals and reads a 
document image at a specified time-interval in Synchronism 
with the clock signals. 
0007 Consequently, a change in the Scanning speed may 
not be detected if the displacement due to the Scanning Speed 
change of the Scanner is Smaller than one pixel in the feed 
direction. To increase the resolving power of the line Sensor 
for detecting the Scanning Speed fluctuation, it is necessary 
to considerably increase the clock frequency. This Solution, 
therefore, is impractical in View of increasing high-fre 
quency noise and additional cost. 
0008. In case of reading the reference line scale by using 
analog elements (photo diodes or photo transistors) in com 
bination with a specialized A/D converter, time must be 
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measured by using a high-Speed A/D converter, a high-speed 
timer and a high-response optical device. This may also arise 
the problems of increasing high-frequency noise and 
increasing the cost. 
0009 Furthermore, the use of a higher frequency clock 
cannot always enable the line Sensor to finely read the 
equal-pitch line Scale for analysis of the Speed fluctuation 
because the size of an image read by one pixel of the line 
Sensor is determined by an optical lens System interposed 
between a document and the line Sensor. Namely, the line 
Sensor may not detect the Scanning Speed fluctuation if the 
displacement due to the fluctuation is Smaller than one pixel 
in the feed direction. 

0010. The reference line scale used in the conventional 
image reading Systems is an arrangement of lines alternating 
black (high-density part) and white (low-density part) with 
the same width. There may arise a problem that a half-pitch 
shift of the reading pitch frequency of a Scanner in the feed 
direction from the frequency of the equal-pitch lines of the 
reference Scale may result in outputting a halftone image 
which cannot be analyzed. 
0011. The use of an equal-pitch scale having lines with 
width not less than two pixels of the line sensor for solving 
the above problem may make the System unable to detect 
Scanning Speed fluctuation. 
0012 Analysis of the scanning speed fluctuation by inte 
gration of results of obtained by processing an image from 
its top with a comb filter may have an incorrect result if read 
image data contains erroneous data due to a small change in 
the density of the equal-pitch Scale image and the presence 
of dust and noise when reading the image. 
0013 In addition, the above calculation premises that the 
Same outputs appear continuously to represent black or 
white lines of the reference Scale image. However, the black 
and white lines of the Scale may have Small fluctuation of 
output values in may case by the effect of adjustments of the 
line sensor and the A/D converter and the above-mentioned 
COS. 

0014. Therefore, the white line has width equal to two 
pixels can not always have the same values by two Succes 
sive pixels at the output of the A/D converter. Speed 
fluctuation component cannot be separated and extracted if 
the two white lines of the reference Scale have different 
output values. 
0015 The above problem may be avoided by applying a 
Single correction factor to all image data So that all white 
parts and all black parts may have respective fixed values. 
However, this Solution may cause partial excessive or insuf 
ficient compensation if a white shading level or a black 
Shading level is preset to vary while the Scanner Scans image 
data in the feed direction. The accuracy of analysis may be 
decreased. 

0016 Furthermore, when the corrected values are not 
only used for Separating a black line part from a white-line 
part but used for calculating the Scanning Speed fluctuation, 
the analysis may not attain the Sufficient accuracy depending 
on the corrected State. 

0017. It can be also sought to observe the scanning speed 
fluctuation by extracting a two-dot part showing the same 
output values in Series and determining a value of this 
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position by extracting an integrated value of the part exiting 
ahead by two dots from the extracted output value. This 
method, however, has a final result of Subtraction at a 
portion from a black-line to a white-line or at a portion from 
a while-line to a black-line. For white or black lines each 
having a width of two dots or more, final values are spaced 
with the white or black part width, Zeroing data for each 
Spacing. 
0.018 Consequently, only a part of data obtained by 
processing outputs of the A/D converter with a comb filter 
is used and remaining data is discarded. No improvement is 
achieved even by holding a preceding value for each Zero 
data part. 
0019. In other words, the analysis with a chart having a 
widened frequency (e.g., black line of 1 dot in width and a 
white line widened to X dots in width) can effectively use 
only 2/(x+1) of measurement results. 

SUMMARY OF THE INVENTION 

0020. The object of the present invention is to provide a 
document-image reading device that can Separate and 
extract a Speed fluctuation component by determining a 
gray-level change of each Scale line (not reading time 
interval), analyze a state of speed fluctuation of Scanning in 
the feed direction and, based on the analysis result, eliminate 
the possibility of image deformation that may be caused 
from the unstable factors of the driving mechanism of the 
device. 

0021 Namely, a speed fluctuation component is sepa 
rately extracted by reading a change in gray level of respec 
tive Scale lines and analyzed a speed fluctuation State of a 
Scanner Scanning in the feed direction and deformation of an 
image can be eliminated based on the analysis result. 
0022. Another object of the present invention is to pro 
vide a document-image reading device that can Separately 
extract Speed fluctuation of its Scanner when working with 
an equal-pitch Scale representing alternations of a black line 
of one pixel in width and a white line of two pixels in width. 
0023. Another object of the present invention is to pro 
vide a document-image reading device that can perform 
high-accuracy high-resolution analysis of the Scanning 
Speed fluctuation with no affection of partial abnormal data 
to an entire analysis result. 
0024. Another object of the present invention is to pro 
vide a document-image reading device that can accurately 
analyze the Speed fluctuation without decreasing the accu 
racy due to dispersion of reading a Scale image. 
0.025. Another object of the present invention is to pro 
vide a document-image reading device that can accurately 
analyze the Speed fluctuation without decreasing the accu 
racy in the case when a shading level varies during Scanning 
operation. 

0026. Another object of the present invention is to pro 
vide a document-image reading device that can always 
perform accurate correction of image data, eliminating the 
possibility of decreasing the accuracy of analysis depending 
the correction State. 

0027. A document-image reading device of the present 
invention comprises document-image reading means for 
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reading a document image data at a specified interval given 
by a reference clock by moving the document-image reading 
means or the document in the feed direction, which means 
is further provided with a reference chart reading means for 
reading a reference chart portion representing alternations of 
a high-density division and a low-density division arranged 
in the feed direction at an interval equal to a least pitch 
readable by the document-image reading means and pro 
cessing means for processing image data read from the 
reference chart by using a comb filter followed by integra 
tion. 

0028. The construction of the device can attain higher 
accuracy of the Speed fluctuation analysis in comparison 
with a method for measuring time-intervals between lines of 
an image read from a reference chart (equal-pitch Scale) 
portion. 
0029. A document-image reading device of the present 
invention comprises document-image reading means for 
reading a document image data at a specified interval given 
by a reference clock by moving the document-image reading 
means or the document in the feed direction and is featured 
in that the document-image reading means is further pro 
Vided with a reference chart reading means for reading a 
reference chart portion representing alternations of a high 
density division and low-density division, in which every 
high-density or low-density divisions has a width equal to a 
least readable pitch and every low-density division has a 
width equal to an integer-multiple of the least readable pitch, 
thus the high-density divisions and low-density divisions 
alternately arranged one after another at respective equal 
intervals in the feed direction, and processing means pro 
cessing the image data read from the reference chart by 
using a comb filter followed by integration, extracting 
continuous detection of the Substantially Same integrated 
values by the integer number of times and determining an 
integrated value at the extracted position by reducing the 
extracted integrated value by an integrated value at an 
upstream point at a distance of the integer-multiple of the 
least-readable pitch along the feed direction. 
0030 This device can therefore eliminate the possibility 
of making the image data of the equal-pitch Scale become an 
unanalysable 50% gray Scale when the reading pitch of the 
CCD in the feed direction deviates from the pitch of the 
equal-pitch Scale by a /2 dot. 
0031 Furthermore, the device can obtain higher accuracy 
of analysis because the analysis can be made by Subtracting 
only peripheral portions when integrated values are the same 
Subsequent values. Namely, the affection of an abnormal 
value of the partial image on a whole analysis result can be 
Surely avoided. 
0032. A document-image reading device of the present 
invention comprises a document-image reading means for 
reading image data from a document at a Specified time 
interval based on a reference clock by moving Said docu 
ment image reading means or the document in a feed 
Scanning direction and is featured in that the document 
image reading means is further provided with reference 
chart reading means for reading a reference chart represent 
ing alternations of a low-density or high-density divisions 
with a width equal to a least readable pitch and a high 
density or low-density division with a width equal to an 
integer-multiple of the least readable width along the feed 
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direction and image-data processing means for Separating 
the high-density divisions and low-density divisions from 
the read image-data, determining a correction factor by 
which image data for all low-density or high-density divi 
Sions or respective low-density or high-density divisions can 
be corrected to have a constant value, multiplying the image 
data by the correction factor, processing the image data read 
from the reference chart by using a comb filter, performing 
integral calculations on the filtered data, extracting continu 
ous detection of the Substantially Same integrated value by 
the integer number of times and determining an integrated 
value at the extracted position by reducing an integrated 
value, Said value extracted from uncorrected image data by 
an integrated value of an upstream point at a distance of the 
integer-multiple of the least-readable pitch along the feed 
direction. 

0033. This device can therefore analyze the speed fluc 
tuation of the document-image reading means (e.g., a Scan 
ning device) even when the white levels of the equal-pitch 
Scale image cannot indicate a constant value due to insuf 
ficient adjustment of a signal processing System for an image 
reading Section of the Scanner. Furthermore, its calculation 
load can be lessened Since only one correcting value is used 
for correcting the white levels of the whole image. 
0034. The device can also examine the white levels of the 
equal-pitch Scale image data and determine a Specified 
correction value Separately for each white portion, by which 
the portion may be corrected to have a preset constant value. 
This makes it possible to analyze the Speed fluctuation 
without decreasing the analysis accuracy even if the white 
level of the Scanner varies during a Scan. 
0035) In this instance, the calculation load increases but 
the white level is real time measured and a correction value 
can be immediately determined with no need of waiting until 
the whole image data are measured. The Speed fluctuation 
analysis result can be, therefore, outputted just after reading 
the image. 
0036) A document-image reading device of the present 
invention is further featured in that the image-data proceSS 
ing means is provided with processing means for determin 
ing a correction factor, multiplying image data by the 
correction factor, processing the corrected image data with 
a comb filter and by integration, detecting the Substantially 
Same values in Succession by the integer-number of times, 
reducing an integrated value, Said value extracted from the 
uncorrected image data, by an integrated value found at a 
upstream point in the feed direction at a distance of the 
integer-multiple of the least readable pitch and determining 
the reduced value as an integrated value of the extracted 
point. 
0037. The device uses corrected data only for determin 
ing the conditions of the Speed fluctuation analysis and uses 
uncorrected data for determining Speed fluctuation, then 
determines correction coefficients that make all white (or 
black) portions have a constant value. It can therefore realize 
higher accuracy of the Speed fluctuation analysis and leSS 
amount of calculation. The real time processing is also 
possible by determining correction values for respective 
white (or black) portions although the calculation amount 
increases. 

0.038 A document-image reading device of the present 
invention is further featured in that image-data processing 
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means processes image data with a comb filter followed by 
calculation of absolute values of the filter-processed data 
and temporarily Store the processing result in Storing means, 
and, at the same time, performs processing a read image of 
a reference chart with a comb filter and by integration, 
detects the Substantially Same values in Series by the integer 
multiple times, reducing an extracted integrated value by an 
integrated value found at the upstream-Side point in the feed 
direction at a distance of the integer-multiple of the least 
readable pitch, determines the reduced value as an integrated 
value of the extracted point by Setting 1 for a positive 
resultant, 0 for a Zero resultant and -1 for a negative 
resultant, then multiplies the resultant values by the pro 
cessed results temporarily Stored in the Storing means. 
0039 The device calculates speed fluctuation by using 
absolute values of the resultant data obtained by processing 
the output of A/D converter with a comb filter. Conse 
quently, the finally obtained result of analysis may reflect 
each part changing from a white portion to a black portion 
and/or each part changing from a black portion to a white 
portion and, therefore, can attain increased accuracy. 

0040. The processing may also be conducted after cor 
rection of white Shading for all image data by using the same 
correction factor. By doing So, the Speed fluctuation analysis 
can be done even if the white levels of the equal-pitch Scale 
did not meet a constant value due to insufficient adjustment 
of an image-reading Signal-processing System of the Scan 
ner. Furthermore, the white level of the equal-pitch Scale 
image-data is corrected by using only one correction value 
for a whole image, thus achieving the Saved amount of 
calculation. 

0041. A document-image reading device of the present 
invention is further featured in that absolute values obtained 
by processing with a comb filter before shading correction 
are used for multiplication. 

0042. Accordingly, the corrected values are used only for 
Separating white portions from blackportions and the uncor 
rected data is used for calculation of the Speed fluctuation. 
The device can therefore attain high accuracy of analysis. 

0043. The device can determine correction factors for 
correcting respective white line portions to have a full-bit 
output of an A/D converter and can Separately correct the 
respective portions with corresponding correction factors 
Since the corrected values are used only for Separation of 
white portions from black portions and not-yet-corrected 
data is used for calculating the Speed fluctuation. 

0044) Therefore, this device can accurately analyze the 
Speed fluctuation even if the Shading level varies during 
Scanning operation, attaining high accuracy of analysis. 

BRIEF DESCRIPTION OF DRAWINGS 

004.5 FIG. 1 is a flow chart of a prior art. 
0046 FIG. 2 is a view showing a construction of an 
image reading device embodying the present invention. 

0047 FIG. 3 is a view showing a construction of an 
image reading device embodying the present invention. 

0048 FIG. 4 is a view showing a construction of an 
image reading device embodying the present invention. 
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0049 FIG. 5 is illustrative of an image analyzing chart 
17 for an embodiment of the present invention. 
0050 FIG. 6 is a conceptual illustration of a technique 
applied in an embodiment of the present invention. 
0051 FIG. 7 depicts a time relation of signals in an 
embodiment of the present invention. 
0.052 FIG. 8 shows a construction of an image analyzing 
chart 17 used in an embodiment of the present invention. 
0053 FIG. 9 is a flow chart of an embodiment of the 
present invention. 
0.054 FIG. 10 depicts simulation data representing a 
basic concept of an embodiment of the present invention. 
0.055 FIG. 11 depicts simulation data representing a 
basic concept of an embodiment of the present invention. 
0056 FIG. 12 depicts simulation data representing a 
basic concept of an embodiment of the present invention. 
0057 FIG. 13 depicts simulation data representing a 
basic concept of an embodiment of the present invention. 
0.058 FIG. 14 depicts simulation data representing a 
basic concept of an embodiment of the present invention. 
0059 FIG. 15 shows a construction of an image analyz 
ing chart 17 used in an embodiment of the present invention. 
0060 FIG. 16 is a flow chart of an embodiment of the 
present invention. 
0061 FIG. 17 is a flow chart of an embodiment of the 
present invention. 
0.062 FIG. 18 depicts an analyzing method used in an 
embodiment of the present invention. 
0.063 FIG. 19 depicts an analyzing method used in an 
embodiment of the present invention. 
0064 FIG. 20 is a flow chart of an embodiment of the 
present invention. 
0065 FIG. 21 is a flow chart of an embodiment of the 
present invention. 
0.066 FIG. 22 depicts an analyzing method used in an 
embodiment of the present invention. 
0067 FIG. 23 depicts an analyzing method used in an 
embodiment of the present invention. 
0068 FIG. 24 depicts an analyzing method used in an 
embodiment of the present invention. 
0069 FIG. 25 is a flow chart of an embodiment of the 
present invention. 
0070 FIG. 26 is a flow chart of an embodiment of the 
present invention. 
0071 FIG. 27 is a flow chart of an embodiment of the 
present invention. 
0072 FIG. 28 is a flow chart of an embodiment of the 
present invention. 
0073 FIG. 29 is a flow chart of an embodiment of the 
present invention. 
0074 FIG. 30 is a flow chart of an embodiment of the 
present invention. 
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0075 FIG. 31 is a flow chart of an embodiment of the 
present invention. 
0.076 FIG. 32 is a flow chart of an embodiment of the 
present invention. 
0.077 FIG. 33 is a flow chart of an embodiment of the 
present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0078 A flow chart of the present invention is described 
below with reference to accompanying drawings. 
0079 A scanner having a flat bed for placing thereon a 
document and a charge coupled device (CCD) for reading 
the document image will be employed for the Sake of 
explanation of the present invention and is not intended to 
limit the Scope and aspects of the present invention. 
0080. It is of course possible to embody the present 
invention as various kinds of document reading devices 
which can read an entire or a specified image area of a 
document 1 with a document reading mechanism using a 
line sensor 10 or the like by moving the document or the 
reading mechanism. Examples are digital devices Such as 
copying machines, facsimiles and Scanners. 
0081 FIG. 2 shows the construction of an image reading 
means used in a Scanner or a copying machine having a flat 
bed for placing a document thereon. 
0082 The document reading device is Switched on after 
placing a document 1 is placed on the flatbed (glass plate) 
2. Alight source 3 Switched on and a lamp unit 5 moves from 
the left to the right as shown in FIG. 2. (This direction is the 
feed direction of a line sensor 10 to be described later.) 
0083. Simultaneously, a mirror unit 8 consisting of a 
Second mirror 6 and a third-mirror 7 moves in the same 
direction at a Speed corresponding to a half speed of the 
lamp unit 5, maintaining a constant distance between the 
document bed 2 and the line sensor 10. 

0084 Light emitted from the light source 3 irradiates the 
document 1 and then travels the first mirror 4, Second mirror 
6, third mirror 7 and a lens 9 and reaches the line sensor 10 
as shown by arrows. 
0085. The line sensor 10 converts image information of 
the document 1 into an electric Signal which is then con 
verted by an A/D converter 11 into a digital Signal and 
transmitted to an image processing Section. 
0086) Referring to FIGS. 5 to 7, the affection of the speed 
fluctuation of the document image reading means while 
reading a chart 17 having alternating white and black lines 
of the same width is described as follows: 

0087 FIG. 5 illustrates a speed fluctuation analyzing 
chart 17 showing alternations of white line of 1 pixel thick 
and black line of 1 pixel thick. Another chart may be used 
if the line sensor 10 can have two kinds of distinctive outputs 
(densities) even if the Scanning speed varies. For example, 
a chart having, as high-density parts, halftone lines instead 
of black lines. 

0088. The chart 17 is read by the image reading means in 
Such a way that the longitudinal direction of the chart may 
meet with the feed direction of the image reading means. 
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0089 Data by one pixel in the main scanning direction 
and by one line in the feed direction is extracted from the 
read image-data of the chart 17 as shown in FIG. 6. In this 
instance, the image-data output from the A/D converter 11 (8 
bits) may show an ideal arrangement of alternating white 
(value “255”) and black (value “0”) lines. 
0090 The image-reading means (CCD) varying its scan 
ning Speed fluctuation in the feed direction cannot distin 
guish between the white line and the black line. It reads a 
part of a white line and a part of a black line at the same time. 
0091. As the result of the above, white line value “255” 
and black line value “0” may be, for example, of “248” and 
“7” respectively by being affected speed fluctuation. The 
changes of the optical density values of the read image were 
resulted from the Scanning Speed fluctuation of the image 
reading means in the feed direction. 
0092. The present invention is intended to analyze the 
Speed fluctuation of the image reading means in the feed 
direction by detecting variations of the optical density values 
of the chart image. 
0093 First Embodiment of the Present Invention 
0094 FIG. 8 shows a format of an analysis chart 17 used 
in the first embodiment of the present invention and FIG. 9 
shows a read-image processing flowchart. 
0.095 This embodiment uses the chart 17 having alter 
nations of a white line and a black line, each line having 
width of 1 pixel dot of a CCD, as shown in FIG.8. The chart 
has a standard width of 400 dpi or 600 dpi for the image 
reading devices. Charts of other widths, e.g., higher-resolu 
tion type or other resolutions, can be also used in the same 

C. 

0.096 An image of the chart 17 is read by image reading 
means (to be analyzed). An output of the CCD of the image 
reading means is converted by an A/D converter 11 into a 
digitized image. The data of the digitized image is processed 
by conducting operations according to the flowchart of FIG. 
9 to obtain an analysis result. 
0097. Referring to FIG. 9, the processing is described in 
detail as follows: 

0098. At Step S1-1, the image-reading means reads the 
analysis chart 17 and the A/D converter 11 converts the read 
data into digital data. 
0099. At Step S1-2, only image-data read through any 
one of many pixels in the CCD is extracted from all the read 
image-data. 

0100. The same result can be obtained when any of the 
CCD pixels is initially aimed and the data digitized through 
A/D conversion of that CCD pixel output is directly used. 
0101 Consequently, the extracted data has a width of 1 
pixel (dot) in main Scanning direction of the CCD and a 
length of any Selected number of pixels. 
0102) The extracted image data includes image data 
containing a speed fluctuation component. Therefore, the 
initial chart data must be removed from the obtained image 
data to extract only the Speed fluctuation component. 
0103) At Step S1-3, the initial chart data is removed from 
the extracted image data by using a comb filter. In this 
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embodiment, the data extracted at Step S1-2 is processed 
with a two-dot cycle comb filter according to the following 
expression: 

0104 where R is a calculation result and D(n) is image 
data existing at n-th position from the top. 
0105. At the same step, an obtained value of the speed 
fluctuation is converted into a value in percentage according 
to the following equation: 

0106 where n is the number of bits of the A/D converter 
11 and C is a cycle of the chart 17. 
0107 At Step S1-4, the calculation resultant values of 
Step S1-3 are summed (integrated) from the top. 
0108. The speed fluctuation component of the image 
reading means is separately extracted by the above calcu 
lation. 

0109 The above operation process is explained accord 
ing to a simulation analysis. 
0110 FIG. 10 shows the optical density variation of the 
chart 17 of FIG. 8 in the feed direction. 

0111. If the image reading means has speed fluctuation as 
shown in FIG. 11 when scanning an image in the feed 
direction, the A/D converter outputs density variation of the 
read chart image as shown in FIG. 12. The output is 
processed with a comb filter (Step S1-3 in FIG. 9) to obtain 
a result as shown in FIG. 13. 

0112 The obtained result of FIG. 14 is further processed 
by Step S1-4 (FIG. 9) for extracting speed fluctuation 
components. (It is apparent from the comparison of FIG. 11 
with FIG. 14 that extracting speed fluctuation has attained 
by processing image data.) 
0113 Second Embodiment of the Present Invention 
0114. The second embodiment of the present invention 
uses another analysis chart 17 which is different from that 
used in the first embodiment. Accordingly, the flowchart of 
FIG. 9 cannot be directly applied to the second embodiment. 
0115 FIG. 15 shows a format of an analysis chart 17 
used in the Second embodiment of the present invention and 
FIGS. 16 and 17 show a flowchart for processing a read chart 
image. 

0116. The chart 17 shown in FIG. 15 has alternations of 
a black line having width of 1 dot and a white line having 
width of not less than 2 dots. It is of course possible to use 
a chart having one-dot-thick white lines and two-dot-thick 
black lines. 

0117 Referring to the flow charts of FIGS. 16 and 17, 
the operation of the second embodiment is described below 
in detail. However, Steps S2-1 to S2-4 are omitted from the 
description since they are the same as Steps S1-1 to S1-4 of 
the first embodiment. 

0118. After Step S2-4, steps A1-1 to A1-4 of FIG. 17 are 
performed to obtain an output of an analysis result. At Step 
A1-1, a portion having the same values appeared not more 
than twice is detected among the integration results of Step 
S2-4 (FIG.16). The portion is recognized as a white line (of 
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not less than two-dots in width) of the analysis chart 17. This 
can be easily understood from FIG. 18. 
0119) At Step A1-2, a value ahead by two dots from the 
recognized portion (i.e., a value just before a series of two 
same values) is Subtracted from the value of the recognized 
portion and an obtained difference is recorded as an analysis 
value of the recognized position. 
0120) If the same values did not appear twice in series (at 
Step A1-1), the Step A1-3 determines an analysis value of 
this position to be Zero. This operation brings the analysis 
result as shown in FIG. 19. The comparison of FIG. 19 with 
FIG. 11 clearly shows that the use of the chart 17 of FIG. 
15 can also extract components of the Scanning Speed 
fluctuation. 

0121 Thus, the second embodiment achieves the analysis 
of Scanning Speed fluctuation of the image reading means. 

0122) Third Embodiment of the Present Invention 
0123 The third embodiment uses the same analysis chart 
17 as used in the second embodiment. 

0.124. The operation of this embodiment will be described 
below according the flow charts of FIGS. 20 and 21. 
However, Steps S3-1 to S3-4 are omitted from the descrip 
tion since they are the same as Steps S2-1 to S2-4 of the 
Second embodiment. Namely, a Subroutine A2 to be per 
formed between Steps S3-2 and S33 is explained as follows: 
0.125 The Subroutine A2 consists of Steps A2-1 to A2-6. 
Step A2-1 detects positions of black lines on a read image of 
the chart by performing differential calculation with the 
output of Step S3-2. The resultant data represents an 
arrangement of discretely disposed blocks of white line 
portions since the initial chart image represents alternations 
of a black line and a white line. (The black line data exists 
between respective white blocks.) 
0.126 Step A2-2 extracts a portion having the second 
value of magnitude from the respective white-block data and 
Stores it. If there are two equal peaks, the Same value is 
stored. The operation result is shown in FIG. 22. 
0127 Step A2-3 detects the least of the values of all 
blocks stored by Step A2-2. (The detected value is stored as 
a value “Wmin”.) This means the detection of the least value 
other than Zeros. 

0128. After this, the steps A2-4 to A2-6 of the subroutine 
are performed and then the processing of Step S3-3 (FIG. 
20) is executed to obtain the final analysis result (see FIG. 
24). 
0129. Fourth Embodiment of the Present Invention 
0130. The operation of the fourth embodiment will be 
described below in detail according the flow charts of FIGS. 
25 and 26. However, Steps S4-1 to S4-4 are omitted from 
the description since they are the same as Steps S-1 to S1-4 
of the first embodiment. 

0131 A Subroutine A3 consists of Steps A3-1 to A3-5. 
Step A3-1 and A3-2 are identical to Steps A2-1 and A2-3 
respectively. So, they will not be further described. 
0132) While the third embodiment uses only the least of 
the values of shown in FIG. 23 and multiplies every 
unprocessed data by the value, the fourth embodiment uses 
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the value obtained at Step A3-2 as a multiplier by which only 
unprocessed data on the periphery of the related white-line 
part is multiplied. 

0.133 After the above processing, the flow chart is iden 
tical to the flow chart of the third embodiment (FIG. 20). 
0134) Fifth Embodiment of the Present Invention 
0135) The operation of the fifth embodiment will be 
described below according the flow charts of FIG. 27. Steps 
S5-1, S5-2 are identical to Steps S1-1, S1-2 respectively, 
Steps S5-3, S5-5 are identical to Step S1-3, and Steps S5-4, 
S5-6 are identical to Steps S1-4. 

0.136. After Step S5-2, the same data is used for calcu 
lations by Step S5-3 and a subroutine A2. 
0137) The flow chart after Step S5-6 is similar to the 
Subroutine A1. In this embodiment, when the same values 
are continuously detected at Step S5-7, Step S5-8 stores the 
detected data position from the top of the image as a k-th 
position and Step S5-10 executes the Subtraction calculation 
of the data by using the k-th data prepared by Step S5-4. 

0138 Sixth Embodiment of the Present Invention 
013:9) The operation of the sixth embodiment will be 
described below according the flow charts of FIG. 28. Steps 
S6-1 and S6-2 are identical to Steps S1-1 and S1-2, Steps 6-3 
and S6-5 are identical to Steps S1-3 and Steps S6-4 and S6-6 
are identical to Step 1-4. 

0140. After Step S6-2, the same data is used for calcu 
lations by Step S6-3 and a subroutine A3. 
0.141. The flow chart after Step S6-6 is similar to the 
Subroutine A1. In this embodiment, when the same values 
are continuously detected at Step S6-7, Step S6-8 stores the 
detected data position from the top of the image as a k-th 
position and Step S6-10 executes the Subtraction calculation 
of the data by using the k-th data prepared by Step S6-4. 

0142. Seventh Embodiment of the Present Invention 
0143. The operation of the sixth embodiment will be 
described below according the flow charts of FIG. 29. Steps 
S7-1 to S7-3 are identical to Steps S1-1 to S1-3 respectively. 

0144 Step S7-5 calculates an absolute value of the result 
obtained by Step S7-3 and Step S7-4 sets 1 for a positive 
result or -1 for a negative result of the routine A1 or judges 
the value to be positive or negative after holding the previ 
ous value when the result of the routine is 0. Step S7-6 
executes the multiplication of the result of Step S7-4 by the 
result of Step S7-5. 
0145 Eighth Embodiment of the Present Invention 
0146 The flowchart of the eighth embodiment of the 
present invention is presented in FIG. 30. The flowchart 
before the Subroutine A2 is identical to that of the third 
embodiment and the flowchart after the Subroutine is iden 
tical to that of the seventh embodiment. The description is 
therefore omitted. 

0147 Ninth Embodiment of the Present Invention 
0148. The flowchart of the ninth embodiment of the 
present invention is presented in FIG. 31. The flowchart 
before the Subroutine A3 is identical to that of the fourth 
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embodiment and the flowchart after the Subroutine is iden 
tical to that of the seventh embodiment. The description is 
therefore omitted. 

0149 Tenth Embodiment of the Present Invention 
0150. The flowchart of the tenth embodiment of the 
present invention is presented in FIG. 32. This flowchart is 
similar to the flowchart of the eighth embodiment except 
Step S10-8 at which the result of Step S10-7 is multiplied by 
the data processed with a comb filter (Step S10-3) and 
subjected to calculation of absolute values (Step S10-4) 
instead of the data having passed through the Subroutine A2. 

0151 Eleventh Embodiment of the Present Invention 
0152 The flowchart of the eleventh embodiment of the 
present invention is presented in FIG. 33. This flowchart is 
similar to the flowchart of the tenth embodiment excepting 
that the subroutine A3 is used in place of the Subroutine A2. 
0153. Other steps are similar to those of the tenth 
embodiment. Further description is therefore omitted. 
0154) The advantages of the present invention are as 
follows. 

O155 According to the present invention, it is possible to 
provide a document image reading device that can more 
Stably read a document image by analyzing fluctuation of 
Scanning Speed of a Scanner and controlling a driving motor 
of the device according to the result of analysis. 

0156. In other words, the device can separately extract 
components of the Scanning Speed fluctuation by reading 
variations of the optical density of respective reference Scale 
lines, analyze the Speed fluctuation State of its Scanning 
means when Scanning the image in the feed direction and 
eliminate the possibility of occurrence of image blur due to 
an unstable factor of the driving mechanism of the Scanning 
means according to the analysis result. 
O157. A document-image reading device according to an 
aspect of the present invention can extract Speed fluctuation 
based on variations of optical density of a Speed fluctuation 
analyzing equal-pitch Scale image read by an image reading 
means Such as a line Sensor, thus attaining higher resolution 
of analysis of the Speed fluctuation as compared with a 
method of measuring Spaces between lines of the equal-pitch 
Scale image. 
0158. A document-image reading device according to 
another aspect of the present invention uses a measuring 
equal-pitch Scale whose black (high-density) line or white 
(low-density) line has a width of two or more (integer) dots, 
thus eliminating the possibility of making the image data of 
the equal-pitch Scale become an unanalysable 50% gray 
scale when the reading pitch cycle of the CCD in the feed 
direction deviates from the pitch cycle of the equal-pitch 
scale by a 1/2 dot. 
0159. In this device, the analysis result can be obtained 
by Subtracting only peripheral portions when integrated 
values are the same Subsequent values. This can avoid the 
affection of an abnormal value of the partial image on a 
whole analysis result, thus assuring the high accuracy of 
analysis. 
0160 A document-image reading device according to 
another aspect of the present invention can examine white 
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(or black) levels of a whole image of an equal-pitch Scale 
and compensate the whole image by using the same correc 
tion factor so that all the white (or black) portions may show 
a constant value. Therefore, the device can analyze the Speed 
fluctuation of a scanner even when the white (or black) 
levels of the equal-pitch Scale image cannot indicate a 
constant value due to insufficient adjustment of a signal 
processing System for an image reading Section of the 
SCC. 

0.161 The calculation amount can be saved since only 
one correcting value is used for correcting the white (or 
black) levels of the whole image. 
0162 The device can also examine the white (or black) 
levels of the equal-pitch Scale image data and determine a 
Specified correction value separately for each white (or 
black) portion So that the portion may have a preset constant 
value. This makes it possible to analyze the Speed fluctuation 
without decreasing the analysis accuracy even if the white 
(or black) level of the Scanner varies during the Scanning. 
0163. In this case, the amount of calculation increases but 
the white level is real time measured and a correction value 
can be immediately determined with no need of waiting until 
the whole image data are measured. This enables designing 
a System capable of outputting the Speed fluctuation analysis 
result just after reading the image. 
0164. A document-image reading device according to 
another aspect of the present invention uses corrected data 
only for determining the conditions of the Speed fluctuation 
analysis and uses uncorrected data for determining Speed 
fluctuation, then determines correction coefficients that 
make all white (or black) portions have a constant value. The 
device can therefore realize higher accuracy of the Speed 
fluctuation analysis and less amount of calculation. The real 
time processing is also possible by determining correction 
factors for correcting respective white (or black) portions 
while the calculation amount increases. 

0.165 A document-image reading device according to 
another aspect of the present invention calculates Speed 
fluctuation by using absolute values of the resultant data 
obtained by processing the output of A/D converter with a 
comb filter. 

0166 Therefore, the finally obtained result of analysis 
may reflect each part changing from a white portion to a 
black portion and/or each part changing from a black portion 
to a white portion and, therefore, can attain increased 
accuracy. 

0.167 The above-described processing may be conducted 
after correction for white (or black) shading with the same 
correction factor for all image-data, thus enabling the Speed 
fluctuation analysis to be done even if the white levels of the 
equal-pitch Scale did not meet a constant value due to 
insufficient adjustment of an image-reading Signal-proceSS 
ing System of the Scanner. Furthermore, the white (or black) 
level of the equal-pitch-Scale image-data is corrected by 
using only one correction value for a whole image, thus 
achieving the Saved amount of calculation. 
0.168. The above-described processing may also be con 
ducted after multiplying initial image data by corresponding 
correction factorS Separately determined for correcting 
respective white (or black) line portions to have a full bit 
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value (or a Zero value). This enables the device to accurately 
analyze the Speed fluctuation even if the Shading level varies 
during Scanning operation. 
0169. The device can also attain higher accuracy of 
analysis in the case when the image-reading Section changes 
its State while reading an image. 
0170 A document-image reading device according to 
another aspect of the present invention uses corrected values 
for Separating white portions from black portions and uses 
uncorrected data for calculating Speed fluctuation, thus 
attaining increased accuracy of the Speed fluctuation analy 
SS. 

0171 The device can also determine correction factors 
for correcting respective white (or black) line portions to 
have a full bit value (or a zero value) output of an A/D 
converter and can Separately correct the respective portions 
with corresponding correction factors, thus increasing the 
Speed fluctuation analysis and, at the same time, assuring 
accurate analysis even if the shading level varies during the 
Scanning operation. 

1. A document-image reading device comprising a docu 
ment image reading means for reading image data from a 
document at a specified time-interval based on a reference 
clock by moving Said document image reading means or the 
document in a feed direction, wherein Said document-image 
reading means is provided with a reference-chart reading 
means for reading a reference chart representing alternations 
of a high-density division and low-density division with the 
same width equal to a least readable pitch along a feed 
direction and image-data processing means for processing 
the image data read from the reference chart with a comb 
filter and by integration. 

2. A document-image reading device comprising a docu 
ment image reading means for reading image data from a 
document at a specified time-interval based on a reference 
clock by moving Said document image reading means or the 
document in a feed direction, wherein Said document-image 
reading means is provided with a reference-chart reading 
means for reading a reference chart representing alternations 
of a low-density or high-density division with a width equal 
to a least readable pitch and a high-density or low-density 
division with a width equal to an integer-multiple of the least 
readable pitch along the feed direction and an image-data 
processing means for processing the image data read from 
the reference chart by using a comb filter, performing 
integration calculations on the filtered data, extracting con 
tinuous detection of the Substantially Same integrated value 
by the integer-number of times and determining an inte 
grated value at the extracted position by reducing the 
extracted integrated value by an integrated value of a 
upstream point along the feed direction at the distance of the 
integer-multiple of the least-readable pitch. 

3. A document-image reading device comprising a docu 
ment image reading means for reading image data from a 
document at a specified time-interval based on a reference 
clock by moving Said document image reading means or the 
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document in a feed direction, wherein Said document-image 
reading means is provided with reference-chart reading 
means for reading a reference chart representing alternations 
of a low-density or high-density divisions with a width equal 
to a least readable pitch and a high-density or low-density 
division with a width equal to an integer-multiple of the least 
readable pitch along the feed direction and image-data 
processing means for Separating the high-density divisions 
and low-density divisions from the read image-data, deter 
mining a correction factor by which image data for all 
low-density or high-density divisions or respective low 
density or high-density divisions can be corrected to have a 
constant value, multiplying the image data by the correction 
factor, processing the image data read from the reference 
chart by using a comb filter, performing integral calculations 
on the filtered data, extracting continuous detection of the 
Substantially Same integrated value by the integer times and 
determining an integrated value at the extracted position by 
Subtracting the integer-fold value of the least-readable pitch 
at the upstream Side in the feed direction from the extracted 
integrated value. 

4. A document-image reading device as defined in claim 
3, wherein processing means is provided for determining a 
correction factor, multiplying image data by the correction 
factor, processing the corrected image data with a comb filter 
and by integration, detecting the Substantially Same values in 
Series by the integer-number of times, reducing an integrated 
value, Said value extracted from the uncorrected image data, 
by an integrated value of an upstream point in the feed 
direction at a distance of the integer-multiple of the least 
readable pitch and determining the reduced value as an 
integrated value of the extracted point. 

5. A document-image reading device as defined in claim 
2 or 3, wherein Storing means is provided for temporarily 
Storing a result of processing an image data with a comb 
filter and by calculation of absolute values and the image 
data processing means processes the image data with the 
comb filter followed by calculation of absolute values of the 
filtered data and temporarily Store the processing result in 
the Storing means, and, at the same time, conducts proceSS 
ing a read image of the reference chart with a comb filter and 
by integration, detects and extracts the Substantially same 
values in Series by the integer-multiple times, reducing an 
extracted integrated value by an integrated value at the 
upstream-Side point in the feed direction at a distance of the 
integer-multiple of the least readable pitch, determines the 
reduced value as an integrated value of the extracted point, 
Sets one for a positive resultant, Zero for a Zero resultant and 
-1 for a negative resultant, then multiplies each of the 
resultant values by the processed result temporarily Stored in 
the Storing means. 

6. A document-image reading device as defined in claim 
5, wherein absolute values used for multiplication proceSS 
ing are absolute values obtained by processing with the 
comb filter before correction of shading. 


