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(57) ABSTRACT 

A test image has a black bias on a white background. The 
black bias is a line set at about 45 degrees to the scan lines of 
a scanner. Boundary points of the Scanned bias are found. A 
regression line is calculated from the positions of the bound 
ary points. Differences in the positions of adjacent boundary 
points, together with the slope reciprocal of the regression 
line, are used to determine error values. The error values are 
compared with a gate value to determine if there are any 
occurrences of scan line misalignment. 

22 Claims, 7 Drawing Sheets 
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Fig. 4 
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METHOD FOR DETERMINING SCAN LINE 
MISALIGNMENTS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention provides a method for determining 

if an image from a scanner has occurrences of scan line 
misalignments. More particularly, a software method 
enabling a program to determine if an image from a scanner 
has occurrences of Scan line misalignments is disclosed. 

2. Description of the Prior Art 
Scanners are popular computer peripherals that are used 

to digitize documents or pictures so that they may be stored 
on a computer. To ensure a high quality of these scanned 
images, manufacturers strive to increase the resolution of the 
images, and to make their colors more brilliant. But a key 
factor affecting the quality of Scanned images is the stability 
of the scanning module. If the stability of the Scanning mod 
ule is insufficient, the images from a scanner may have mis 
alignments or entire deletions of scan lines in the image. 

Please refer to FIG. 1. FIG. 1 is a schematic diagram of a 
prior art method to determine if there are any occurrences of 
scan line deletions in an image 10. The test is performed 
after the scanner has been completely manufactured, and 
involves the scanning of the test image 10. Testing personnel 
then analyze the results. As shown in FIG. 1, if a missed scan 
line 12 is observed by the testing personnel, the Scanner is 
returned to the factory for adjustments. This visual method 
to determine if a scanner misses scan lines is both time con 
Suming and relatively inaccurate. 

Please refer to FIG. 2. FIG. 2 is a schematic diagram of 
another prior art method that uses a Scanned test image 20 to 
determine if a scanner misses scan lines. The test image 20 is 
produced by the scanner to be tested by Scanning a test pic 
ture. Each grid element, such as 24 or 26 in FIG. 2, repre 
sents a gray-scale value of a scanned test image pixel from 
the Scanner after scanning the test picture, which has an axis 
of symmetry at 45 degrees. The range of the gray-scale Val 
ues are from 0 to 255. The smaller the gray-scale values are, 
the darker the corresponding image pixels are. The larger the 
gray-scale values are, the brighter the corresponding image 
pixels are. The region 28 represents an image region after 
scanning the test picture, and its pixel values are almost all 
less than 30. 

In this prior art, a search is performed within the Scanned 
test image 20 to find the positions of the boundary points of 
the test image 20, and then pixel values within the boundary 
points are tested against diagonally adjacent pixel values. 
For example, I(X, Y) represents the pixel value of the test 
image 20 at the Xth column and the Yth line. A simple pro 
gram is used to compare the pixel value I(i) of a point (X,Y) 
and the pixel value I(i+1) of another point (X-1, Y+1). If the 
difference between I(i) and I(i+1) is too large, then it is 
assumed that a scan line 22 is missing between the lines (Y) 
and (Y-1). 

Hence, the prior art compares two adjacent lines and 
determines if the scanned test image 20 conforms to the 
expected 45 degree symmetry of the test picture. The mini 
mum unit required to determine if a scan line has been 
skipped is one pixel. This is not accurate enough to satisfy 
the requirements of a high-end Scanner. 
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2 
SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to pro 
vide a method for determining scan line misalignments of a 
SCaC. 

Briefly, the present invention scans a test image that has a 
black bias on a white background. The black bias is a line set 
at about 45 degrees to the scan lines of the scanner. The 
method involves finding boundary points of the scanned 
bias, calculating a regression line from the positions of the 
boundary points, using differences in the position of adja 
cent boundary points together with the slope reciprocal of 
the regression line to determine error values, and comparing 
the error values with a gate value to determine if there are 
any occurrences of scan line misalignment. 

It is an advantage that the present invention can detect 
Scanline misalignments with Sub-pixel accuracy, thus fulfill 
ing the more rigid requirements for high-level Scanners. 

These and other objectives of the present invention will no 
doubt become obvious to these of ordinary skill in the art 
after reading the following detailed description of the pre 
ferred embodiment, which is illustrated in the various figures 
and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a first prior art method 
for determining if an image from a scanner has any occur 
rences of scan line misalignments. 

FIG. 2 is a schematic diagram of a second prior art method 
for determining if an image from a scanner has any occur 
rences of scan line misalignments. 

FIG. 3 is a schematic diagram of a scanner with the 
present invention method. 

FIG. 4 is a schematic diagram of a document with a test 
pattern of the present invention method. 

FIG. 5 is a relationship diagram between a plurality of 
pixels of a scanning line and their corresponding gray-scale 
image values used to illustrate the present invention method 
of searching for the boundary points from the image infor 
mation in a scan line. 

FIG. 6 is a schematic diagram for a method to calculate 
the boundary points depicted in FIG. 5. 

FIG. 7 is a flow chart of the present invention method for 
determining if an image from a scanner has any occurrences 
of scan line misalignments. 

FIG. 8 is a flow chart of the present invention method to 
search for boundary points from the image information in a 
scan line. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Please refer to FIG. 3 and FIG. 4. FIG. 3 is a schematic 
diagram of a scanner 30 with the present invention method, 
and FIG. 4 is a schematic diagram of a document 36 for 
performing the present invention method. The scanner 30 
includes a housing 32, a scanning platform 34 onto which is 
placed the document 36, a scanning module 38 to Scan the 
document 36, and a driving module 40 to drive the scanning 
module 38. For a preferred embodiment of the present 
invention, the document 36 has a white background with a 
test pattern that is a black bias 37. The width of the bias 37 is 
2 mm, and it has an angle of 45 degrees with respect to the 
orientation of the scan lines. The black bias 37 runs from the 
upper-right portion of the document 46 to the lower-left por 
tion of the document 36. 
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To determine if there are any occurrences of Scan line 
misalignment, the scanning module 38 is used to Scan the 
document 36. Scan line image information for a plurality of 
scan lines is collected, each scan line containing a portion of 
scanned image of the document 36, the scan line information 
being collected in order. The image information in each scan 
line includes a plurality of gray-scale pixels, a portion of 
which correspond to the bias 37. 
A searching method is used to find a boundary point of the 

bias 37 from the gray-scale image information in each scan 
line. Because the bias 37 on the document 36 includes two 
boundary lines, the image information in each scan line will 
have two boundary points. For convenience, the positions of 
the boundary points of the left boundary line will be 
described. The positions of the boundary points on the right 
side of the bias 37 are found in the same manner. This 
method is actually quite well known in the field of image 
processing. 

Please refer to FIG. 5. FIG. 5 is a relationship diagram 
between the plurality of pixels of a scan line and their corre 
sponding gray-scale image values, and is used to illustrate 
the present invention method for searching the boundary 
points in the image information of a scan line. First, the 
gray-scale image values of a plurality of pixels in a chosen 
white region 42 of the scan line is averaged. Half of the value 
of this result is used to define a boundary reference level 
(V). The pixel whose gray-scale image value most closely 
matches this boundary reference level is selected as a first 
boundary reference point P. 
Moving forward from the first boundary reference point 

P by a first predetermined number (say, 15) of pixels, a 
second predetermined number of pixels (again, 15) are 
selected. Average of the gray-scale values of these chosen 
pixels are used to define a white reference level (V). 
Similarly, by moving backwards from the first boundary ref 
erence point P by the first predetermined number of pixels 
(15), another group of the second predetermined number of 
pixels (15) are selected, and their average values are used as 
a black reference level (V). 

Because the first boundary reference point P is located in 
an interim region 46 between the white region 42 and the 
black region 44, moving forward or backward by a predeter 
mined number of pixels from the first boundary point P is 
used to ensure that the chosen pixels are located in the 
interim region 46. This makes the calculation of the white 
and the black reference levels more accurate. 

The average of the white reference level (V) and the 
black reference level (V) is used to define a boundary level 
(V). Two adjacent pixels P, and P are then chosen between 
where the boundary level Vo falls. That is, the gray-scale 
image value of the boundary level V. lies between the gray 
scale image values of the pixels P and Ps, satisfying the 
inequality Ves VosV. These two pixels are used as a 
second and a third boundary reference points P and P. 

Please refer to FIG. 6. FIG. 6 is a schematic diagram for a 
method to calculate the boundary points of FIG. 5. The gray 
scale image values V, and V of the second and the third 
boundary reference points are used along with the boundary 
level Vo to calculate the position X of the boundary point of 
the scanning line. The following equation is used to calculate 
X: 

V2 - Vo 
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4 
Because P and P are adjacent pixels, P is equal to P+1. 

From the equation 

P-X Vo - VP2 
Ps - P T VP2 - VP3 

the position of the boundary point X is equal to 

(P. -- 

In the same manner, a series of different positions of bound 
ary points X, can be calculated, where i is an integer ranging 
from 1 to n, n being the number of scan lines. 

After determining the boundary position points of the left 
boundary line for every scan line, a regression line and its 
slope can be calculated. The calculation of the regression 
line can be done using all, or only some, of the previously 
found boundary points. Because the calculation and math 
ematical significance of the regression line is a well known 
prior art mathematical tool, the equations are only noted 
here, without undue explanation. With n parts of numbers 
(x, y), i from 1 to n and being a positive integer, chosen to 
calculate the regression line y=mX+b, the values of m and b 
can be determined from the following equations: 

V2 - Vo 
V2 - V3 

After calculating the regression line, the difference in the 
position of every boundary point is calculated (AX, -X-X). 
This, with the reciprocal of the slope of the regression line 
(1/m), is used to calculate corresponding error values as 
(ERR-Ax,-1/m). And the error values can also be inter 
preted with the use of error ratios, which are equal to ERR/ 
(1/m). 

Finally, each error value ERR, is compared against a pre 
determined gate value (TD) to determine if the image from 
the scanner has any occurrences of scan line misalignment. 
If a specific error value is larger than the gate value, then 
there must be a scan line misalignment at the corresponding 
scan line. If the specific error value is less than or equal to 
the gate value, then there is no occurrence of scan line mis 
alignment at that scan line. Occurrences of scan line mis 
alignment are therefore determined by the choice of the gate 
value, which must be set by experienced personnel. In the 
preferred embodiment of the present invention, the gate 
value is about 0.3. 

Please refer to FIG. 7. FIG. 7 is a flow chart of the present 
invention method to determine if an image from a scanner 
has any occurrences of Scan line misalignment. The method 
of the present invent includes the following steps: 

Step 50: Begin. 
Step 52: Scan the black bias 37 on the document 36, and 

then collect the corresponding image information from 
the scan lines. 

Step 54: Search for the position of the black bias 37 from 
the image information in the scan lines by way of 
searching for the boundary points. 
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Step 56: Are the required positions of the boundary points 
found? If not, go back to Step 54. 

Step 58: Calculate the corresponding regression line using 
the found positions of the boundary points. 

Step 60: Calculate the reciprocal of the slope of the 
regression line (1/m). 

Step 62: Select an appropriate gate value (TD). 
Step 64: Calculate the differences in the positions of the 
boundary points (AX=x-X) of the adjacent scan 
lines. 

Step 66: Use the differences of step 64 and the reciprocal 
of the slope of the regression line of step 60 to calculate 
corresponding error values (ERR,-AX,-1/m), and the 
error values can also be interpreted with the use of error 
ratios, which are equal to ERR/(1/m). 

Step 68: Is an error value from step 66 larger than the 
chosen gate value? If not, go to step 72, otherwise go to 
Step 70. 

Step 70: A scan line misalignment has occurred. Go to 
step 74. 

Step 72: There are no occurrences of scan line misalign 
ment. 

Step 74: Have all of the chosen boundary points been 
calculated? If not, go to step 64, otherwise go to Step 
76. 

Step 76: End. 
Please refer to FIG.8. FIG. 8 is a flow chart of the present 

invention method of searching for the boundary points in the 
image information of a scan line. This method includes the 
following steps: 

Step 80: Begin. 
Step 82: Average the gray-scale image values of the pixels 

in the white region and defining half of this average 
value as a boundary reference level V. 

Step 84: Find the pixel in the scan line with a gray-scale 
value that is closest to the boundary reference level, and 
define this pixel as a first boundary reference point P. 

Step 86: After moving forward 15 pixels from the first 
boundary reference point, select the next 15 pixels 
ahead, and average the gray-scale image values of these 
15 pixels to determine a white reference level V. 

Step 88: After moving backward 15 pixels from the first 
boundary reference point, select the next 15 pixels 
behind and average the gray-scale image values of 
these 15 pixels to determine a black reference level V. 

Step 90: Average the white reference level V and the 
black reference level V to determine a boundary level 

Step 92: Search for two adjacent pixels P. and P. between 
where Vo falls, so that Vess Vos V, and define these 
two pixels as the second and the third boundary refer 
ence points P and P. 

Step 94: Calculate the position of the boundary point X, 
using the equation 

V2 - Vo 

Step 96: End. 
In the first prior art method, a manual, visual inspection of 

a scanned test image is performed, which is both judgmental 
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6 
(as it depends on the individual experience of the testing 
staff) and time-consuming. In the second prior art, the com 
parison of gray-scale image values of two adjacent Scanlines 
to determine if the slope of the scanned test image is equal to 
its original value lowers the factors of personal judgement, 
but the results are too rough to fulfill the requirements of 
high-level scanners. The present invention method, however, 
searches for the boundary points to determine a regression 
line, and can calculate the positions of the boundary points 
accurately within one pixel unit and the error values of all 
boundary points to the regression line. If the error value is 
larger than a predetermined gate value, a scan line misalign 
ment is determined to have occurred. In light of the discus 
sion above, this method fulfills the requirements of high 
level scanners, and the gate value can be chosen by 
experienced personnel to account for different requirements. 

Those skilled in the art will readily observe that numerous 
modifications and alternations of the device may be made 
while retaining the teachings of the invention. Accordingly, 
the above disclosure should be construed as limited only by 
the metes and bounds of the appended claims. 
What is claimed is: 
1. A method for determining if an image from a scanner 

has an occurrence of scan line misalignment, the Scanner 
comprising a housing, a scanning platform upon which is 
placed a document to be scanned, a scanning module to Scan 
the document, and a driving module to drive the scanning 
module, the method comprising: 

scanning a document having a test image and collecting 
corresponding scan line image information from a plu 
rality of scan lines in order, each scan line image having 
a portion of the Scanned image of the test image: 

using a method of searching for a predetermined bound 
ary point to find the position of a boundary point of the 
test image from the information in every scan line 
image; 

calculating a regression line from the position of the 
boundary point; 

calculating discrepancies of corresponding positions of 
boundary points and the slope reciprocal of the regres 
sion line from the image information of adjacent scan 
lines and determining corresponding error values from 
every discrepancy and slope reciprocal; and 

comparing every error value with a predetermined gate 
value to determine if the scan line images from the 
Scanner have any occurrences of scan line misalign 
ment. 

2. The method of claim 1 wherein the method uses all 
found positions of the boundary points to calculate the 
regression line. 

3. The method of claim 1 wherein the method uses a por 
tion of the found positions of the boundary points to calcu 
late the regression line. 

4. The method of claim 1 wherein the regression line 
y=mx+b is calculated by 

So-X, S. S., 
i 2 i i 2 

nix -(; .) nix -(; .) s 
and wherein (x,y) are the positions of the boundary points 
chosen to calculate the regression line. 

5. The method of claim 1 wherein the document has a 
white background, and the test pattern is a black bias from an 
upper-right position to a lower-left position, each scan line 
comprising gray-scale image information from a plurality of 



US RE41,364 E 
7 

pixels, and the method of searching for a predetermined 
boundary point proceeds from up to down and from left to 
right to search for the boundary points of the bias from the 
gray-scale image information in each scan line. 

6. The method of claim 5 wherein the method of searching 
for a predetermined boundary point has the following steps 
comprises: 

averaging the gray-scale values of a plurality of pixels in a 
chosen white region of a Scanline, half of the averaging 
result being a boundary reference level (V), and 
defining the gray-scale value of a pixel closest to the 
boundary referencing level as a first boundary reference 
point (P): 

moving forward a first predetermined number of pixels 
from the first boundary reference point to select a sec 
ond predetermined number of pixels, the average of the 
gray-scale values of the second predetermined number 
of pixels being a white reference level (V); 

moving backward the first predetermined number of pix 
els from the first boundary reference point to select the 
second predetermined number of pixels, the average of 
the gray-scale values of the second predetermined num 
ber of pixels being a black reference level (V); 

averaging the white and the black reference levels to 
determine a boundary level (V); 

searching for two adjacent pixels (P., Ps) from the plural 
ity of pixels of the scan lines where the boundary level 
between both gray-scale values of the two adjacent pix 
els satisfies (VesVosV), and setting these two pix 
els as a second and a third boundary reference point 
(P2, Ps); and 

using the gray-scale values of the second and the third 
reference points (V, V) and the boundary level (Vo) 
to calculate the boundary point (X) mathematically by 

V2 - Vo 

7. The method of claim 6 wherein the first and the second 
predetermined numbers are both 15. 

8. The method of claim 1 wherein the width of the black 
bias is 2 mm, and the black bias has an angle of about 45 
degrees with respect to the scan lines. 

9. The method of claim 1 wherein the predetermined gate 
value is 0.3. 

10. A method for identifying scan line misalignment in a 
scanner; comprising: 

scanning a test image to obtain scanned image data cor 
responding to a plurality of scan lines of the scanner, 

locating one or more boundary points of the scanned test 
image corresponding to at least a portion of the plural 
ity of scan lines, 

determining a regression line for at least a portion of the 
One or more boundary points, 

determining a corresponding error value for at least a 
portion of the One or more boundary points, based at 
least in part on the regression line, 

comparing one or more corresponding error values with a 
gate value, and 

determining whether the scanner has a scan line mis 
alignment based at least in part on the comparing. 

II. The method of claim 10, wherein locating one or more 
boundary points firther comprises. 

for a particular scan line, identifying a first boundary 
reference point V, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
determining a white reference level V, 
determining a black reference level V, 
averaging the white and the black reference levels to 

determine a boundary level Vo 
selecting two pixels as a second and a third boundary 

reference point P and P that satisfy the relationship 
Vs Vos V, wherein V, and V, Comprise second 
and third boundary reference points, and 

calculating a boundary point (x) mathematically by 

W.2 - V, x = P + P.o 
V2 - V3 

12. The method of claim 10, wherein determining a corre 
sponding error value includes: 

determining a difference in position between a boundary 
point corresponding with a first scan line and a bound 
ary point corresponding with a second scan line, 

determining a reciprocal of the slope of the regression line 
at the first scan line, and 

determining an error value corresponding with the first 
scan line based at least in part on the difference 
between the determined difference in position between 
the boundary point corresponding with the first scan 
line and the boundary point corresponding with the 
second scan line and the determined reciprocal of the 
slope of the regression line at the first scan line. 

13. The method of claim 12, wherein the first and second 
scan lines comprise adjacent scan lines. 

14. The method of claim 10, wherein the gate value com 
prises a predetermined value. 

15. The method of claim 10, wherein the gate value is 
determined based on properties of the scanner: 

16. The method of claim 10, wherein determining whether 
the scanner has a scan line misalignment includes identifi 
ing a misalignment if the error value is numerically greater 
than the gate value. 

17. A scanner having a plurality of scan lines, the scanner 
comprising: 

a housing 
a scanning platform positioned at least partially in the 

housing, 
a scanning module positioned at least partially in the 

housing and configured to obtain a scanned image of 
the document, and 

a driving module positioned at least partially in the hous 
ing and configured to drive the scanning module to 
scan a document positioned on the scanning platform, 
wherein the scanner is configured to locate one or 
more boundary points of the scanned image, 

determine a regression line for at least a portion of the 
One or more boundary points, 

determine corresponding error values for the One or more 
boundary points, based at least in part on the regres 
Sion line, and 

compare one or more corresponding error values with a 
gate value. 

18. The scanner of claim 17, wherein said driving module 
is firther configured to identif a misalignment if the error 
value is numerically greater than the gate value. 

19. The scanner of claim 17, wherein said document com 
prises an image of a test pattern. 

20. The scanner of claim 19, wherein said image of a test 
pattern comprises a black bias that runs from the upper 
right portion of the document to the lower-left portion of the 
document. 
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21. The scanner of claim 17, wherein said scanner is fir- 22. The scanner of claim 17, wherein said scanner is fir 
ther configured to: ther configured to: 

identif a first boundary reference point V, for a particu 
lar scan line: y determine a difference in position between a boundary 

point corresponding with a first scan line and a bound 
ary point corresponding with a second scan line, 

determine a white reference level V, 5 
determine a black reference level V, 
average the white and the black reference levels to deter 

mine a boundary level Vo 
select two pixels as a second and a third boundary refer- 10 

ence point P, and P that satisfy the relationship determine an error value corresponding with the first scan 
Vess Vos V2, wherein V, and V, comprise second line based at least in part on the difference between the 
and third boundary reference points, and 

calculate a boundary point (x) mathematically by 

determine a reciprocal of the slope of the regression line 
at the first scan line, and 

determined difference in position between the boundary 
point corresponding with the first scan line and the 

15 boundary point corresponding with the second scan 
line and the determined reciprocal of the slope of the 
regression line at the first scan line. 

V2 - Vo x = P + . . . 
V2 - V3 


