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inspecting surfaces 10 The present invention relates
to a method for inspect- ing surfaces according to the
features of the preamble  of claim l and to a device
for performing the method  according to the features
of claim 13. 15 Known from the state of the art is a
method and a de- vice for inspecting surfaces with
repeating patterns.  The corresponding surface is
usually a conductor board  having conductors on it.
The conductors form repeating  patterns which are
arranged between surfaces having no  20 patterns and
thus no conductors or unique (non repeating) patterns.
The present invention concerns  only those areas where
there are repeating patterns;  areas with unique
pattern are inspected by previously  known,
state-of-the-art methods. The device for in 25
specting surfaces comprises a camera having a CCD/CMOS
camera sensor and an optical objective. The surface of
the conductor board is imaged onto a CCD/CMOS camera
sensor surface by means of said objective. In order to
obtain a good cruality of the image, the surface is
il- 30 luminated by rear and/or front lights. The
analog or  digitized image of the camera sensor is
transmitted to  a computing unit. Said image is
transformed by a plu- rality of pixels forming a
matrix of pixels. Said com- 



AMENDED SHEET - 7  puter unit processes data of said
pixel matrix, with  each pixel having a technical
value. Normally the pixel data basically used is the
gray 5 value. Each pixel generates a gray value
corresponding  to a color of the original of the
image, namely the  conductor board, in the same
position relative to the  original. The gray value
constitutes the basic data for  the detection of the
condition of a surface as this 10 value will be
compared with values of reference pixels  by the
computer unit according to the following com.- parison
steps: each value of a pixel to be inspected -
inspection pixel - is compared with a value of a
refer- ence pixel of a so called master image. The
master im- 15 age is e.g. based on an image of an
original conductor  .board which has already been
inspected in detail, with  the result that this master
conductor board has no de- fects, is in good condition
and qualifies use as a ref- erence conductor board. 20
In the comparison step, each pixel of the image of the
conductor board to be inspected will be compared with
the corresponding pixel - reference pixel - of the im-
age of the master conductor. The difference resulting
25 from the comparison of the inspection pixel and the
reference pixel will determine the result of the in-
spection. On the basis of the intensity of the gray
value of each pixel of an image, said image Gould be
detected very accurately. 



30 In the field of image processing it is important to
de- tect the defects of conductors which appear at the
sur- face very fast, as the known devices for
inspecting AMENDED SHEET - 3  surfaces are often
arranged in the conductor board ma- nufacturing line.
Moreover, in order to ensure constant  quality of the
conductor boards, it is necessary to in- spect the
surface of each conductor board. However, the 5 known
methods are very complex and time-consuming, as  the
abovementioned master image forms the basis of the
comparison steps with values of the inspection pixels
and values of the reference pixels of the master image
conventional teach in method. The data volume re- 10
quired to store the master image is very high. The
storing of data is thus time-consuming and requires a
lot of memory space in the computer unit. Furthermore,
it should be noted that no conductor board of a manu-
facturing line will ever be 100% identical with any 15
other conductor board of this line. Consequently, with
the known teach in based methods, minor deficiencies
of  the master mainly tend to increase the
pseudo-defect  rate. Thus, a lot of conductor boards
are categorized  as defect although they are in good
condition and ex 20 hibit no surface defects but
merely a minor tolerance  with respect to the master
image. In US-A-5 513 275 is disclosed a method for
inspecting  surfaces with repeating patterns using a
self-reference  25 technique, which means that the
comparison steps are 



based on pixels or sub-pixels of the image. The pat-
terns are repeating only in horizontal and/or vertical
direction. The repetition periods of the patterns in
both the horizontal and vertical directions are esti
30 mated separately by a sub-pixel method as the
period of  the patterns is not always an integer
number of the  pixels of the image. Given the
estimated periods of row  and column projection, the
building block is con AMENDED SHEET ff  - 4  structed
by simply shifting a window of proper size  through
the image and adding the corresponding pixel  values
together. Since in general the size of the .building
block is not an integer number of pixels, it  5 is
necessary to shift the window by sub-pixel values  and
use interpolation to find. the values of these
points. The location of the defects is determined by
subtract- 10 ing shifted versions of the building
block from the im- age. Each sub-pixel of the original
image is compared  with the corresponding sub-pixel in
the building block.  If the difference is larger than
a threshold, that sub- pixel may be identified as a
defect. 15 A corresponding disclosure contains EP-A-0
243 639_  With these known methods only simple
structures can be  inspected, namely repeating
structures in horizontal 20 and/or vertical direction.
It is not possible to in- spect complex structures
having repeating patterns in  



any direction. In EP 0 694 876 B1 is disclosed a
method according to  25 the preamble of claim 1 for
inspecting surfaces of a  textile fabric having a
regular pattern with the help  of image processing
technique using vector calculation.  The textile
fabric surface having repeating patterns. A  camera
produces an image with a plurality of pixels 30
forming a matrix of pixels. These pixels generating a
technical value. A computer unit processing data of
said pixels for the detection of the condition of said
surface of the textile fabric. AMENDED SHEET - 5  With
this method also complex pattern structures can be
inspected, however the resolution of textile image in-
spection is not very high. The vector is only an inte
5 ger vector. Thus one full reference pixel is
compared  with one full inspection pixel. This method
is limited  to inspection procedures which needs only
low resolu- tions like textile patterns. 10 However,
in the electronic field for surface inspection  a much
higher resolution is needed. Especially, it is  not
always possible to compare one full pixel with the
another full pixel. Insofar, this known method has a
limited applicability. The present disclosure concerns
15 the use of a real-valued displacement vector, where
in- terpolation of either the reference of pixel or
the in- spection pixel is required. It is therefore an
object-of this invention to provide  20 a method and a
device for inspecting. surfaces according  



to the features of the preamble of claim 1 as well as
a  device according to the features of claim 13 in
order  to overcome the above noted disadvantages, to
provide  the prerequisites for accelerating the
surface inspec 25 tion process, to enable the
inspection of complex pat- tern structures, to make
the method of inspection more  accurate, especially
with respect to the defect rate  and to expand the
field of application. 30 These as well as other
objects of the present invention  are accomplished
generally through the method for in- specting surfaces
according to the features of claim i.  According to
the invention the surface for inspection AMENDED SHEET
6  is provided with n+l repeating patterns, with a
camera  producing an image with a plurality of pixels
forming a  matrix of pixels, said pixels generating a
technical  value such as the gray value or the like,
and with a 5 computer unit processing data of said
pixels for the  detection of the condition of said
surface, which:  method comprises the following
comparison steps: - each value of a pixel to be
inspected - inspection pixel - is compared with a  10
value of a reference pixel, the value of a reference
pixel is based  only on the values of the Y pixels of
.he  matrix referring to said image in such a  manner
that the values of the inspection 15 pixels of the one
pattern are compared  



with the values of the pixels of another  pattern
which is used as a reference pat- tern having said
reference pixels, in which both pixels - the reference
pixel  20 and the inspection pixel - have the same
position relative to its pattern to detect  the
condition of said surface, the difference of the
comparison of said  pixels will determine the result
of the  25 inspection, whereas several comparison
steps along a line of pixels  having n+l periodic
structures as part of said repeat- ing patterns in a
direction of said line of pixels are  provided, said
comparison step uses vector calculation 30 where said
inspection pixel and the assigned reference  pixel
have a relative location within said matrix and  thus
relative to each other forming a vector k, said
vector k being the same in each comparison step, the
AMENDED SHEET - 7  direction of the line or the
direction of vector k is  dependent on the kind of
patterns, the inspection proc- ess starts with
analyzing the pattern and determining  the direction
of the line and the vector k before the 5 comparison
steps starts- The method starts with deter- mining an
area of the matrix of the image of the sur- face to be
inspected, said area being part of the ma- trix or the
whole matrix, whereas at least the refer- ence pixel
or the inspection pixel is interpolated us 10 ing
their neighboring pixels, and the surface to be in- 



spected is the surface of a conductor board and the
patterns are conductors of the conductor board. The
vector k thus has real, non-integer components, i_e.
the pattern period is not assumed to be multiple of 15
full pixels. Now, the determination of a master and
the generation  of a master image will no longer be
necessary and com- plex pattern structures are easy to
inspect. Owing to 20 the cited measures and the method
according to the in- vention the method becomes
faster, simpler and the  field of application
increases over known methods. Fur- thermore, the
method guarantees that only the values of  the same
kind of pixel are compared in order to obtain 25 a
significant result. However, any pixel of the same
kind of patterns can also be used. In a simple way
mul- tiple comparison steps can thus be executed with
the  aid of vector calculation using vector k to
accelerate  the inspection process. Furthermore,
according to the 30 method it is advantageous to
determine an area of the  matrix of the image of the
surface to be inspected be- fore inspection starts,
with said area occupying either  part of the matrix or
the entire matrix. Pursuant to AMENDED SHEET - 8  this
step it is now possible to detect area by area in
optimized comparison steps according to optimized
lines  with respect to the patterns. Moreover, the
resolution  is easily improved by the interpolation of
the refer- 5 ence pixel or the inspection pixel using
their  neighboring pixels. This step allows the
inspection of  



pixels also at the border of the matrix or within the
determined area in a simple manner as well as with a
higher resolution. Thus, this method for surface in 10
spection is applicable for electronic parts like con-
ductor boards. There are different possible ways of
determining the  direction of the line and vector k.
According to one  15 preferred embodiment, the
direction of the line and vector k is determined by a
fast Fourier transform - FFT - such that the maximum
of the fast Fourier trans- form will found at vector
k. 20 Alternatively, the direction of the line and
vector k  is calculated e.g. with the help of a Hough
transform,  or is calculated from data of a
predetermined, espe- cially digital, drawing of the
original surface. 25 As mentioned, there are several
ways of obtaining the  direction of the line and thus
also vector k. These  ways are summarized as follows:
Often there is a technical drawing or a database  30
where the user can look up the direction and the
distance of two pattern instances. AMENDED SHEET 9
In a digitalized camera image the user can try to  set
up a profile and an estimated vector k. The signal
data can be transformed using a fast 5 Fourier
transform, e.g. using a discrete 2D-1_FT in  case of a
digital gray value image. A peak in the  frequency
space can be used to extract vector k.  The method
works well if the reference patten is  



determined by a dominant frequency. If there are 10
several peaks (except harmonics) for line-like
patterns they indicate the presence different di-
rections and distances. They can be combined to  form
a common vector k. 15 If some assumptions can be made
about the pattern,  e.g. parallel lines in a
digitalized camera image,  a Hough transform can be
applied to obtain a de- scription of the pattern that
will allow obtaining  the vector k automatically. 20
The software can simply test all the directions  and
lengths - using a certain small step size - and take a
vector k that will yield the Lowe:;-,_ - overall
defect intensity. This vector can be re- 25 fined
using an even smaller step size. According to a
further embodiment of the invention,  several
comparison steps are provided along a line of  pixels
having n+l periodic structures as part of said 30
repeating patterns in a direction of said line of pix-
els, with all of said comparison steps along said line
AMENDED SHEET 9a  of pixels forming a detection step.
This is done for  all pixels of the periodically
repeating pattern. Thus,  the matrix of pixels will be
detected systematically  line by line until the whole
matrix nas been detected.  5 In yet another
embodiment, several detection steps are  provided, and
after the execution of all of said detec- 



tion steps all values of all the pixels of said area
will have been detected. Especially, each detection 10
step includes n comparison steps. According to another
embodiment of the invention, the  reference pixel is
the pixel inspected in the previous  comparison step.
15 The method of the invention allows the value of the
reference pixels to be obtained in different ways with
the value being based on pixels of the matrix of the
image to be inspected. 20 According to a further
embodiment of the invention, the  detection of the
condition of said surface includes a  decision step;
Decision, on the basis of said differ- ence resulting
from the comparison step, that the in 25 spected
surface is correct if the difference does not  exceed
at least a threshold. Particularly, the decision  step
will qualify the dedicated vector k and thus the
dedicated pattern as defect if said difference exceeds
said threshold. If the difference does exceed said 30
threshold, the detection step is repeated in a diamet-
rical direction which results in another vector k' (k'
k). This allows the detection of the inspection pixel
- and thus of the real position of the inspection
AMENDED SHEET - 9b pixel - which exceeds said
threshold by calculation on  the basis of the data of
both detection steps with vec- tor k and vector k`. or
instance, in the detection  



step with vector k and in the detection step with vec
5 tor k' different inspection pixels will be
categorized  as defect due to the so called shadow
effect explained  in detail in the description of the
Figures below. A  calculation scheme which is based on
the location of  these two pixels will allow the
actual defect pixel to  1D be determined. Using the
principle of the method of the invention, it  is
possible to detect defects in a regular pattern
without knowing any master pattern. This will result
in 15 a drastic data reduction compared to the
conventional  teach in method. In practice, the input
device often limits the in- spected area, e.g. the
camera lens coverage. If the re- 20 peating pattern
stretches wider than the inspected area, accurate
positioning is not critical as long as  vector k
remains valid. if vector k is small, slow distortions
in the pattern  25 that add up over large distances
will not produce  strong defect signals, unlike
conventional teach in  methods. This helps, for
instance, when dealing with- lens distortion or warped
and strained products 30 According to yet another
embodiment of the invention,  said value is the gray
value (GV) of a pixel and the  surface to be inspected
could be the surface of a con AMENDED SHEET 9c  ductor
board and the patterns could be conductors of  the
conductor board. The above mentioned as well as
additional objects of 



5 the present invention are accomplished generally by
the  device according to the features of claim 13
where said  device is able to perform said method
according to any  one of the preceding claims by means
of a camera pro- ducing an image with a plurality of
pixels forming a 10 matrix of pixels and a computer
unit processing data of  said pixels for the detection
of the condition of said  surface. Further advantages
and possible applications of the  15 present invention
will be apparent from the following  detailed
description in which reference is made to the AMENDED
SHEET WO 2006/012914 PCT/EP2004/008757  10
exemplifying embodiments illustrated by way of example
in the drawings. In the description, the claims, the
abstract and the  5 drawings, use is made of the terms
and corresponding  reference numerals summarized in
the list provided at  the end of the description. In
the drawings: Fig. 1 is a schematic view of the device
according  10 to the invention; Fig. 2 is a schematic
view of vector k used in a  calculation step according
to the invention;  15 Fig. 3 is a schematic top view
of an image of a pat tern to be inspected showing a
corresponding  sine curve. with respect to the gray
value of  the pixels along a line according to a first
embodiment of a pattern showing corresponding  20
vector k; 



Fig. 4 is a schematic top view of an image of a pat-
tern to be inspected according to a second  embodiment
of a pattern showing the corre 25 sponding vector k;
Fig. 5 is a diagram of the intensity of the gray
value of the pixels to be inspected along a  line
corresponding to the direction of vector 30 k
according to a third embodiment of a pat- tern showing
the corresponding vector k; WO 2006/012914
PCT/EP2004/008757  11 Fig. 6 is a schematic top view
of an image of a.pat- tern to be inspected according
to a fourth  embodiment of a pattern-showing the
corre- sponding vector k and a determined area to be
5 inspected; Fig. 7a is a diagram of the intensity of
the gray  value of the pixels to be inspected along a
line corresponding to the direction of vector 10 k
according to the fourth embodiment of a  pattern; Fig.
7b is a diagram of the intensity of the gray  value of
the pixels to be inspected along a  15 line
corresponding to the direction of vector k according
to a fifth embodiment of a pat- tern; Fig. 7c is a
diagram of the intensity of the gray  20 value of the
pixels to be inspected along a  line corresponding to
the direction of vector  k according to a sixth
embodiment of a pat- 



tern; 25 Fig. 8 are two diagrams of the intensity of
the gray  value of the pixels to be inspected without
and with a low-pass filter, respectively; Fig. 9 is a
diagram of the intensity of the gray 30 value of the,
pixels to be inspected having an  non-homogenous
surface with respect to the  conductor along a line
corresponding to the WO 2006/012914 PCT/EP2004/008757
12 direction of vector k according to a seventh
embodiment of a pattern; Fig. 10 is a schematic top
view of an inspection area  5 of a pattern to be
inspected according to an  eighth embodiment of a
pattern showing the  corresponding vector k; Fig 11 is
a schematic top view of an image of a pat- 10 tern to
be inspected according to a ninth em- bodiment of a
pattern showing the correspond- ing vector k; Fig. 12
is a diagram of the intensity of the gray  15 value of
the pixels to be inspected along a  line and a further
diagram of the intensity  of the defect according to a
tenth embodiment  of a pattern; 20 Fig. 13 is a
diagram of the intensity of the gray  value of the
pixels to be inspected along a  line according to an
eleventh embodiment of a  pattern; 25 Fig. 14 is a
diagram of the intensity of the gray  



value of the pixels to be inspected along a  line and
a further diagram of the intensity  of the defect
according to a further embodi- ment of a pattern; 30
Fig. 15 a view of the diagram of Fig. 14 showing vec-
tor k and a shadow effect; WO 2006/012914
PCT/EP2004/008757  13 Fig. 16 is a diagram of the
intensity of-the gray  value of the pixels to be
inspected along a  line and two further diagrams of
the inten- sity of the defect according to a further
em 5 bodiment of a pattern showing vector k1 and
vector k2; Fig. 17 is a diagram of the intensity of
the gray  value of the pixels to be inspected along a
10 line and a further diagram.of the intensity of the
defect according to a further embodi- ment of a
pattern showing vector k and a  threshold, and 15 Fig.
18 is a schematic top view of an image of a pat--
'tern to be inspected according to Fig. 6  showing
several possible vectors kl to k4 and  an impossible
vector k5. 20 Fig. 1 shows a schematic view of a
device 10 for in- specting surfaces 12 of a conductor
board 14 with re- peating patterns formed by
conductors 16 of the conduc- tor board 14. The
conductors 16, especially shown in  Fig. 6, are
arranged on the conductor board 14 between 



25 surfaces having no patterns and thus no conductors
16.  The conductor board 14 is of a base material 14a
which  is transparent, whereas the conductors 16
themselves  are nontransparent. 30 The device 10
comprises a camera 18 having a CCD camera  sensor 20
and an optical objective 22. Via line 24, the  CCD
camera sensor 20 is connected to a computer unit 26 WO
2006/012914 PCT/EP2004/008757  14 having a keyboard 28
for adjusting the parameters of  the inspection method
and a display 30 for displaying  the inspection
results and the actual method steps. The  computer
unit 24 comprises a port 32 which could be 5 connected
- via a line 34 - to a handling machine - not  shown -
eliminating defect conductor boards 14. Pro- vided
underneath the conductor board 14 is a rear light  36,
and above as well as outside of a maximal detection
cone 38 of the camera 18 front lights 40 and 42 are
ar- 10 ranged. For inspection of the surface 12 of the
conductor board  14, the surface is imaged onto the
surface of the CCD  camera sensor 20 by means of the
optical objective 22. 15 In order to obtain a good
quality of the image, the  surface 12 is illuminated
by the rear 36 or front  lights 40 and 42. The
digitized image of the CCD camera sensor 20 is 20
transmitted to the computing unit 26 via line 24. Said
image is formed by a plurality of pixels forming a ma-
trix of pixels. Said computer unit 26 processes data
of  said matrix of pixels each having a technical
value,  



namely an assigned gray value. 25 The gray value
constitutes the basic data for the de- tection of the
condition of a surface 12 as this value  is-compared
with values of reference pixels by the com- puter unit
26. The steps of the method according to the  30
invention are as follows:  Determination of an area of
the matrix of the  image 12' of the surface 12 to be
inspected, WO 2006/012914 PCT/EP2004/008757  15 where
said area is part of the matrix or the  whole matrix.
Each value of a pixel of the conductor 16 to  5 be
inspected - inspection pixel - is compared  with a
value of a reference pixel of another  conductor 16
from the same image and thus from the same matrix. The
other conductor 16  is used as a reference conductor
16 having  10 said reference pixels. Each inspection
pixel and the corresponding reference pixel have  the
same position relative to their conductor  16; the
difference of the comparison of said  pixels will
determine the result of the in 15 spection -
comparison step.  Several comparison steps along a
line of pix- els having n+1 periodic structures as
part of  the repeating patterns of the conductors 16
20 in a direction of said line of pixels are
provided, in which all of said comparison  



steps along said line of pixels form a detec- tion
step. 25  Several detection steps are provided and af-
ter execution of all of said detection steps  all
values of the-pixels of the area will  have been
detected. Especially, each detec- tion step includes n
comparison steps. 30  The reference pixel-is the pixel
inspected in  the previous comparison step. WO
2006/012914 PCT/EP2004/008757  16 Due to the fact that
the area of the image to be in- spected comprises
regular repeating conductors 16 in  the determined
area mentioned above in the comparison 5 step, vector
calculation is used where the inspection  pixel and
the assigned reference pixel have a relative  location
within said matrix and thus a location rela- tive to
each other forming a vector k. Vector k is the  same
in each comparison step. In other words: Vector k 10
represents a period of the structure formed by the
con- ductors 16 in the line mentioned above. If the
end position of vector k does not necessarily  point
to a pixel, the gray value at the end position is  15
determined by interpolating the gray value of
neighbor- ing pixels. .Generally, the reference pixels
can be interpolated us- ing their neighborhood.
Methods for obtaining the ref- 20 erence pixels are
for instance:  Four-pixel neighborhood: Calculate the
area in  



which a non-aligned pixel covers an aligned pixel  and
use the area percentage as the share to sum up 25 the
pixel intensity over the neighborhood.  Three-pixel
neighborhood: Interpolate using the  intensities of
the three closest neighbors accord- ing to their
proximity to the non-aligned pixel 30 center. WO
2006/012914 PCT/EP2004/008757  17  Distribution
method: Use distribution, e.g. Gaus- sian curve, to
obtain weights for the intensity of  a certain
neighborhood pixel. 5 Typically the interpolation is
imperfect. One way to  reduce the defect intensity
caused by interpolation is  using a low-pass filter,
Gaussian filter, as described  in connection with Fig.
8. 10 Depending on the low-pass filter and its size,
it can  also be used to attenuate small spatial
defects.  According to Fig. 2 vector k has a norm, IkI
now given  in pixels, and an orientation, angle 0 in
degrees, 15 positive in clockwise direction. Vector k
has 1, 2, n periods in an area with n+l patterns of
conduc- tors 16. Angle 0 allows the inspection of
periodic  structures along the line mentioned above
that can also  be other than horizontal or vertical.
20 Fig. 3 is a schematic top view of an image 12" of
the  surface 12 of the conductor board 14 with a sine
curve  44 with respect to the gray value of the pixels
along a.  line 47 according to a first embodiment of a
pattern of 



25 the conductor board 14. According to this
embodiment,  vector k is periodic in any direction of
the image 12"  of the surface 12 of the conductor
board 14. Fig. 4 shows a second embodiment of a
pattern of the  30 conductor board 14. For the
inspection of transition  regions between two
different gratings, e. g. different  angle, different
period, there is the common period WO 2006/012914
PCT/EP2004/008757  18 vector k. This vector k can be
seen through the inter- section of both conductors 16
in the transition region.  Fig. 5 shows an example of
a gray value profile of sev 5 eral comparison steps
with a defect at the third peak  46. This defect does
not occur at its neighboring peaks  48. Peak 46 could
be detected with help of vector k  comparing the gray
value of the inspection pixel with  the gray value of
the reference pixel previously in 10 spected. A
pattern typically has a fixed border. If the algo-
rithm using vector k checks the complete pattern, it
will yield a defect at the border because the vector k
15 points outside the pattern area. It is useful to
reduce the inspection area in a way  that vector k
does not point outside the pattern. If  there is a
defect, at the last instance of the pattern 20 in
vector k direction, the defect can be replicated and
compared to a master value as described below in con-
nection with Fig. 12 and Fig. 13. Fig. 6 shows an
example of how to determine the inspec- 25 tion area.
The inspection area is a polygon having the  



reference number 50. An algorithm shrinks the area 50
on the basis of vector k to the area with reference
number 52, otherwise the last conductor 16 would be
compared to an area outside the determined inspection
30 area 50. WO 2006/012914 19 PCT/EP2004/008757  The
adjusted polygon should be convex because the soft-
ware takes only the leftmost and the rightmost border
of a polygon as a boundary for each line. 5 As
mentioned above, vector k defines the distance be-
tween two neighboring conductors 16 forming a
repeating  pattern of the conductor board 14. The
distance and an- gular direction can be set directly.
10 It is also possible to use a fast Fourier transform
- FFT - to determine vector k automatically. Figures
7a,  7b and 7c show a diagram of the intensity of the
gray  value of the pixels to be inspected along a line
corre- sponding to the direction of vector k according
to the 15 fourth and fifth embodiment of a pattern of
the conduc- tor board 14. When selecting the automatic
calculation function, the  user is asked to adjust a
box above the pattern. It is  20 not necessary to
include the whole inspection area. As a rule of thumb,
at least 10 instances of the pattern  should be
included. However, a big box may take some  time to
complete. 25 If the gray-value difference between two
pixels exceeds  a certain value, the pixel position
will be considered  to be defective. If the gray-value
difference is smaller, the difference will be
considered to be noise,  



i.e. negligible. This value is called surface noise 30
level. To remove the impact of local gray value
changes, the  user may use a low-pass filter. It
averages the values WO 2006/012914 PCT/EP2004/008757
20 over a certain distance, the so called low-pass
length  52, as Fig. 8 illustrates. An example to
illustrate the effects of a four-pixel  5 low-pass
filter - 1-dimensional - is shown in Fig. 8.  Using a
low-pass filter will typically reduce the sen-
sitivity to camera noise and small surface irregulari-
ties. A value of four or above is recommended for most
applications. 10 In many cases, a pattern of the
conductor board 14 con- sists of a homogenous
background - the transparent base  material 14a - and
a non-homogenous foreground - con- ductor 16 - as
shown in Fig. 9. This phenomenon is 15 based on the
fact that bright areas on the surface of a  conductor
board have a bigger variation. To reduce the impact of
this foreground variations, the  user can set a white
pixel attenuating percentage. For  20 instance, if the
percentage is set to 30%, the gray value difference
that is used to find defects will be  reduced by 30%,
if the pixel has the maximum gray value  of 255. If
the pixel in question only has a gray value  of 128 -
half of the maximum, the gray-value difference  25
will only be reduced by 15%. Polygonal special regions
can be created to exclude  



certain parts of an area 50. Inside these special re-
gions, all defect pixels will be ignored. The
polygonal 30 special region should be convex because
the software  takes only the leftmost and the
rightmost border of a  polygon as a boundary for each
line. Split up the re- gions if necessary. WO
2006/012914 PCT/EP2004/008757  21 It is possible to
create special regions automatically  by selecting a
'Teach In' option. However, care must be  taken that a
proper image is obtained showing a good 5 device. It
is therefore recommended to check the cre- ated
special regions with the special regions menu en- try
afterwards. Especially, if the defect areas look as
shown in Fig. 10, the smallest convex polygon will
cover the whole inspection area. In this case, it is
10 advisable to set the special regions manually. The
method according to the invention can be extended
into more dimensions, e.g. repeating two-dimensional
patterns as shown in Figures 6 and 11. To the human ob
15 server the defects are obvious. It should clearly
be  noted that the dimensions need not be spatial. Fig
11 shows a further simple two-dimensional repeating
pattern. 20 if Iact is the actual intensity of the
pixel of the im- age to be inspected and Icomp is the
intensity of the  reference pixel used for comparison,
a defect intensity  can be defined as: 25 



Id - Icomp - Tact However, there may be other
definitions with several  side conditions, e.g.
enforced minimum intensity, etc.  30 If the defect
intensity exceeds a certain application dependent
threshold, a pattern can be judged as defec- tive. WO
2006/012914 PCT/EP2004/008757  22 When checking a
pattern using the described algorithm  based on vector
k, the absolute of the defect intensity  will be high
at the place where the defect is located, 5 but also
at the corresponding comparison location. Fig.  12
illustrates this situation. However, it is often
interesting to know where the ac- tual defect is and
what sign its intensity has. 10 If more instances of
the pattern are available, it is  possible to use some
or all of them to get an idea  about the `correct'
intensity, called the master inten- sity. Methods to
accomplish this are for instance: 15  Mean value over
the instances used. Unfortunately,  the intensity of
the defect pixel will affect the  master intensity. 20
Outlier removal: A certain number of intensities  are
removed from the mean calculation, e.g. if  they
differ too much from the average or they are  among
the n most differing intensities. 25  Median value
Majority vote: Take either Iact or Icomp as master  



intensity depending on what is closer to the aver- age
value of the instances. 30 WO 2006/012914
PCT/EP2004/008757  23 If the intensity Tact or Icomp
is close to the master  intensity, one of them can be
neglected as defect  shadow. 5 Sometimes it still
cannot be decided what the master  intensity is, as
shown in Fig. 13. In practice there is  only a limited
number of instances and if their inten- sities happen
to cluster into two groups of the same  size, the
master intensity cannot be obtained without  10
imposing side conditions. The effort to perform this
check is a minor one, as  only areas with defects or
defect shadows are checked  and defects are rare. 15
The algorithm using vector k finds defects only at
their edges, if they are longer than vector k as
illus- trated in Fig. 14. If it is necessary to get
the cor- rect defect intensity and position, the
defect needs to 20 be replicated into the defect
candidate and then  checked against the master
intensity, if available. Ac- cording to Fig. 15 the
original defect intensity was  changed to reflect the
true size of the defect. 25 The effort required to
perform this check is small if  only areas with
defects or defect shadows are checked  and defects are
rare. 



30 Because the algorithm using vector kl detects local
changes, slowly changing patterns may not yield a sig-
nificant defect intensity. Taking a different vector
k2 WO 2006/012914 PCT/EP2004/008757  24 can alleviate
this situation. It is even possible to  use more than
one vector kl, k2 ..., km simultaneously  and take the
maximum defect intensity, as shown in Fig.  16. 5 A
variant of the occurring problem is illustrated in
Fig. 17. The defect intensity at the second instance
of  the pattern exceeds the defect threshold, while
the de- fect intensity at the third instance is quite
small and  10 does not exceed the defect intensity
threshold 54. If it is not desired to check several
vectors kl, k2 ...,  km, e. g. to save computation
time, the defect shadow  at the second pattern
instance must not be removed as 15 mentioned above
though the pattern intensity matches  the master
intensity. Otherwise no defect will be trig- gered at
all. According to Fig. 17 the defect shadow  has a
stronger defect intensity than the real defect. 20
Vector k is a property of the pattern. Obtaining the
correct vector k is necessary in order to obtain. good
results. As Fig. 18 shows, there is usually no single
optimal vector k. Several vectors k for this pattern
are valid. 25 The pattern usually has a border that
can be defined by  the user. 



It is possible, however, to automatically determine a
30 coherent region, i.e. a region containing a pattern
that can be inspected using a single vector k. WO
2006/012914 PCT/EP2004/008757  25 One way is to start
with some arbitrary initial regions  and split them
until they are coherent as mentioned  above. 5 If two
adjacent regions can be inspected with the same
vector k, they will be merged. Several varieties of
this well-known split-and-merge algorithm are avail-
able. 10 If a region is singular, i.e. there is no
repeating  pattern, hence no vector k to inspect it,
the region  can be inspected using a completely
different method  (teach in comparison, etc.). If the
pattern repeats it- self in time, which is typically
true during the opti 15 cal inspection of some device,
one instance of the sin- gular pattern can be compared
with its successor, e.g.  the next part under the
camera. WO 2006/012914 PCT/EP2004/008757  26 List of
Reference Numerals  5 10 device for inspecting
surfaces 12 surface  12' image 14 conductor board 14a
base material of the conductor board  10 16 conductor
18 camera 



20 CCD camera sensor  22 optical objective  24 line 15
26 computer unit  28 keyboard  30 display 32 port  34
line 20 36 rear light 38 detection cone 40 front light
- left  42 front light - right  44 sine curve .25 46
peak  47 line 48 neighboring peaks  50 inspection area
52 low-pass length  30 54 threshold LLOYD WISE  - 27
5 Claims  10 1. A method for inspecting surfaces (12)
with  n+1 repeating patterns (16), with a camera  (18)
producing an image (12') with a plural- ity of pixels
forming a matrix of pixels,  said pixels generating a
technical value such 15 as the gray value or the like,
and with a  computer unit (26) processing data of said
pixels for the detection of the condition of  



said surface (12), which method comprises the
following comparison steps: 20 - each value of a pixel
to be inspected - inspection pixel - is compared with
a  value of a reference pixel, the value of a
reference pixel is based  only on the values of the
pixels of the  25 matrix referring to said image (12')
in such a manner that the values of the in- spection
pixels of the one pattern (16)  are compared with the
values of the pix- els of another pattern (16) which
is used 30 as a reference pattern (16) having said
reference pixels, in which both pixels - the reference
pixel and the inspection  pixel have the same position
relative AMENDED SHEET LLOYD WISE  - 28  to its
pattern to detect the condition of  said surface (12),
- the difference of the comparison of said  pixels
will determine the result of the in 5 spection,
whereas several comparison steps along a line  (47) of
pixels having n+1 periodic structures  as part of said
repeating patterns (16) in a  direction of said line
(47) of pixels are 10 provided, said comparison step
uses vector  calculation where said inspection pixel
and  



the assigned reference pixel have a relative  location
within said matrix and thus relative  to each other
forming a vector k, said vector 15 k being the same in
each comparison step, the  direction (0) of the line
(47) or the direc- tion (0) of vector k is dependent
on the kind  of patterns, the inspection process
starts  with analyzing the pattern and determining 20
the direction (0) of the line (47) and the  vector k
before the comparison steps starts,  characterized by
starting with determining an  area (50) of the matrix
of the image (12') of  the surface (12) to be
inspected, said area 25 (50) being part of the matrix
or the whole  matrix, whereas at least the reference
pixel  or the inspection pixel is interpolated using
their neighboring pixels, and the surface (12) to be
inspected is the- surface (12) of a  30 conductor
board (14) and the patterns are  conductors (16) of
the conductor board (14). AMENDED SHEET LLOYD WISE  -
29  2. The method according to claim 1, character-
ized in that the direction (0) of the line  (47) and
vector k is determined by a fast  Fourier transform-
FFT - such that the maxi 5 mum of the fast Fourier
transform will form  vector k. 3. The method according
to claim 1 or 2, charac- 



terized in that the direction (0) of the line  10 (47)
and vector k is calculated, e.g. by means of a Hough
transform. 4. The method according to any one of the
pre- ceding claims, characterized in that the di- 15
rection (0) of the line and vector k is cal culated
from data of a predetermined, espe- cially digital,
drawing of the original sur- face. 20 5. The method
according to any one of the pre- ceding claims,
characterized in that all of  said comparison steps
along said line (47) of  pixels form a detection step
and several de- tection steps are provided and after
the exe 25 cution of all of said detection steps all
the  values of all the pixels of the said area  (50)
are detected. 6. The method according to any one of
the pre- 30 ceding claims, characterized in that each
de- tection step includes n comparison steps. AMENDED
SHEET LLOYD WISE  - 30  7. The method according to any
one of the pre- ceding claims, characterized in that
the ref- erence pixel is the pixel inspected in the
previous comparison step. 5 8. The method according to
any one of the pre- ceding claims, characterized in
that the de- 



tection of the condition of said surface in- cludes a
decision step: Decision - on the ba 10 sis of said
difference of the comparison step  that the inspected
surface (12) is correct  if the difference does not
exceed at least a  threshold. 15 9. The method
according to claim 8, character- ized in that the
decision step categorizes  the dedicated vector k -
and thus the dedi- cated pattern (16) - as defect if
said dif- ference exceeds said threshold. 20 10. The
method according to claim 8 or 9, charac- terized in
that if the difference does exceed  said threshold,
the detection step is re- peated in a diametrical
direction, which re 25 suits in another vector k' (k'
= - k). 11. The method according to claim 10,
character- ized by the detection of the inspection
pixel  and thus the real position of the inspection 30
pixel which exceeds said threshold by calcu- lation on
the basis of the data of the both  detection steps
with vector k and vector k'.  nnAPninPn.NFFT LLOYD
WISE  - 31  12. The method according to any one of the
pre- ceding claims, characterized in that said  value
is the gray value (GV) of a pixel. 5 13. A device for
performing said method according  



to any one of the preceding claims having a  camera
(18) producing an image (12') with a  plurality of
pixels forming a matrix of pix- els and a computer
unit (26) processing data 10 of said pixels for the
detection of the con- dition of said surface (12).
AMFNfFf.qHFFT 


