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Abstract. In the camera manufacturing, special methods are
needed to detect blemishes occurring on the camera sensor pixels.
A blemish is referred as a region of pixels in the camera sensor that
are somewhat darker than the background. The blemishes are diffi-
cult to detect accurately, but on the other hand, they cause a signifi-
cant reduction in camera quality. We present a novel filtering
method for the blemish detection. The method is based on image
scaling, filtering, and difference image calculation that is very fast
and accurate in the detection of blemishes. In addition, the algorithm
can cope with unprocessed raw image data, in which various distor-
tions, such as noise and vignetting, can be present. © 2009 SPIE and
IS&T. [DOI: 10.1117/1.3132004]

1 Introduction

Automated visual inspection systems are widely used in
almost all fields of industry for inspecting goods and mate-
rials, 1nclud1ng, e.g., paper, metal, wood, and textiles.' The
use of various filtering techniques is common in automated
visual 1nspect10n tasks, for example, by using various tex-
ture filters." A number of examples can be found on this, for
example, in rock surface characterization.” One growing
area of the blemish detection is the manufacturmg process
of flat liquid-crqgstal device dlsplays and light-emitting de-
vice chlps.4

The application area of this paper is the production test-
ing of digital camera sensors. The number of pixels in high-
resolution complementary metal oxide semiconductor cam-
era sensors has increased rapidly from less than one million
to eight million and over the past few years. In the camera
manufacturing, it is necessary to inspect the quality of the
camera by inspecting anomalies on the camera sensors that
potentially are able to reduce the image quality given by the
camera. Because of the increased pixel numbers, the quality
inspection of the sensors has also become more time con-
suming. In addition, the huge production volumes have
caused a need for extremely fast online inspection. The
inspection systems must be able to accurately detect the
anomalies, but not to find false defects in order to maintain
as good a yield as possible.

In camera production testing, two most common defect
types are defected pixels and blemishes. The defected pix-
els include hot pixels and dead pixels, which are typically
significantly brighter or darker pixels than their neighbor-
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Fig. 1 An example of a production test image with several blem-
ishes and dead pixels (zoomed). There is also a clearly visible vi-
gnetting artifact in the image.

hood. In practice, dead pixels are more interesting in the
current testing. A blemish is defined as a cluster of very
mild dead pixels or a dark area caused by, e.g., dust or other
objects inside a camera module. Both of these anomalies
have a certain impact on the image quality given by the
camera. The impact depends usually on the size and loca-
tion of the defect on the sensor region; single dead pixels at
the corner regions are not always critical, but the blemishes
are typically more serious defects whose occurrence yields
to the rejection of the camera.

The detection of the defects in the camera sensor is
based on an image taken of a bright flat surface by the
camera being tested. Because the dead pixel is like an im-
pulse, it is relatively straightforward to detect by using an
impulse-sensitive filtering approach. The blemishes, on the
other hand, are much more difficult to detect because their
edges are smooth and slow changes in the image signal,
instead of impulselike dead pixels. Because of this differ-
ence, it is very difficult to detect these two defect types by
using the same filter. Instead, two different methods are
typically needed, which, in turn, increases the testing time.
The images used in the production testing are typically raw
sensor data that are not processed in any way, and conse-
quently, several kinds of artifacts can be present in the data.
Typically, the noise and vignetting artifact are the most se-
rious challenges for the detection algorithms. The Vignett-
ing means a phenomenon of rad1a1 falloff of the image
intensity from the image center.” Hence, the edges and cor-
ners of the image become darker than the image central
area. This kind of slowly changing average is able to cause
problems to many blemish detection algorithms because the
edges of the blemish regions are very similar as in the case
of vignetting. Figure 1 shows an example of a typical pro-
duction test image of resolution 2074 X 1558 pixels. In this
image, vignetting artifact is clearly visible.

2 Blemish Detection Algorithm

A straightforward method for the blemish detection would
be to use, e.g., a differential filter that tries to detect the
slowly ascending and descending signal values that could
be interpreted as blemish edges. However, preliminary test-
ing with real production test data revealed that these kinds
of approaches are ineffective. This is because all these
methods are sensitive to vignetting, which makes the blem-
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Fig. 2 The idea of scaling: the average value of every other pixel in
16 X 16 pixel neighborhood is used to represent selected pixels in a
new, smaller image.

ish detection inaccurate. Also, the noise occurring in the
image often causes difficulties in the blemish detection. In
addition, separate filters must be used for the detection of
dead pixels and blemishes, due to the different natures of
these defects described in Section 1.

To overcome these drawbacks, we present a new, alter-
native solution for the blemish detection. The method has
four major steps: (i) image size reduction by scaling, (ii)
blemish detection by filtering, (iii) image subtraction, and
(iv) thresholding. The method is based on the fact that the
blemish regions are typically quite large compared to the
actual image size. Consequently, by selecting an appropri-
ate image-scaling method, image size can be significantly
reduced, which also reduces the effect of noise. A scaling
method used in this paper can be seen in Fig. 2, where the
sample pixels are selected from the image with 16 pixel
distance from each other. In this manner, a smaller image is
formed by using an average value of every other pixel in
this neighborhood to represent the pixel value in the scaled
image. The scaling can be made in the same loop as the
dead pixel detection and just save the scaling values into
memory. When the scaling is made for every 16th pixel in
both vertical and horizontal direction, the scaled image has
only 0.4% of the pixel number of the original image. The
size of the neighborhood was decided based on preliminary
experiments, in which the effects of different neighborhood
sizes on the noise levels were compared.

As soon as the whole image is scaled, it can be used for
blemish detection. A good approach for this would be to
use an efficient mean or median filter to reduce the effect of
the blemishes and then calculate a difference image be-
tween the filtered and original frame. In this paper, how-
ever, we present a more efficient way of making this by
using a novel type of filtering approach that also calculates
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Fig. 3 (a) Intensity profile for line y’ and (b) the principle of the filter.

the difference image on the fly. The filtering approach aims
at detecting the drops of intensity profile caused by a blem-
ish as illustrated in Fig. 3(a). The filter presented in Fig.
3(b) is applied on the rows y of the frame I(x,y), and the
filtering result is calculated by means of two median values
calculated at distance w from each other. The distance w is
selected to be large enough to cover the width of potential
blemishes, but it should not be too long to avoid the pos-
sible disturbances caused by vignetting. The suggested
value for w is experimentally selected by inspecting the
effect of value w on the difference signal,

M)l;,)' =median[1(x,,1,y = 1),1(x;1,¥),1(x,1,y + 1],

(1)
MR median[l(me’y - 1),1(35,712,)’),1@,"2,)’ + 1)]a

xy =

w

Xy =X+

Once the median values are calculated, the output of the
filtering is considered as an average of these two

A 1
Ie,y) = S (M3, + M) (2)

Then the difference is calculated. Only the positive values
of the difference between the filtered image and the original
one are considered (that is, the blemish region always has a
lower intensity than its surroundings),

Idifference(x’y) = max[O, i(x’y) - I(x’y)] (3)

The filtering method itself is very fast because it only av-
erages two median values calculated from three values
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Fig. 4 Filtering procedure for the example image presented in Fig.
1. From left to right: (a) Scaled image of resolution 64 X 48 pixels,
(b) filtering result obtained from the proposed filtering method, and
(c) thresholded image.

each. If w is correctly selected, then this produces very
accurate results and typically does not produce false detec-
tions. It is obvious that the filtering method is not sensitive
to vignetting, since there will be no significant value for
Lgisterence 1 areas where the intensity only decreases or in-
creases, as shown in Fig. 3(a). Because the effect of noise is
already attenuated by scaling method, it is possible to use
very small number of pixels in the calculation of the values
MY and MR,

The blemish regions can be extracted from the obtained
difference image /gisorence DY thresholding. One way of do-
ing the thresholding is to use an adaptive threshold value
that is dependent on the difference image, when it is more
robust to differences in, e.g., exposure and sensitivity. This
can be made by using a threshold proportional to the stan-
dard deviation of the whole difference image. The threshold
value can be then written as T=As, where constant A is
experimentally tuned. It is also possible to use a fixed
threshold by using two fixed threshold values, upper and
lower thresholds. If a pixel is over upper threshold, then its
eight neighbor pixels are averaged, and if this average
value is over lower threshold, then the pixel is marked as a
blemish. By using this two-threshold technique, weaker
blemishes can also be detected more effectively. The tuning
of the thresholds can be based on, e.g., the intensity of the
central area of the image, based on which it is easy to
decide the constant threshold experimentally.

In the experiments, a test set containing 25 images taken
with different sensors and varying exposure times, was
used. Part of the images were significantly under- or over-
exposed. In most of these images, there were several blem-
ishes. Once the algorithm was properly tuned, it could eas-
ily detect all the blemishes in the test set. In the tuning,
selected sample images from a larger collection were used.
Basically, the results show that once the algorithm param-
eters, namely, the threshold value, are properly tuned the
algorithm is able to effectively detect the blemishes occur-
ring in a certain sensor type. Also the blemish region edges
could be localized accurately. An example of the blemish
detection procedure can be seen in Fig. 4.
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3 Discussion

In this paper, a novel method for blemish detection was
presented. In this method, the image size is first signifi-
cantly reduced with an appropriate scaling method that also
effectively attenuates noise. After that, the blemish regions
are extracted by the filtering method developed in this pa-
per. This method makes the filtering and includes also the
subtraction from the original frame. Hence, the memory
requirement is minimized and separate calculation for dif-
ference image is not needed. This way, the blemish regions
will have the highest values in the difference signal, and
finally, it is possible to extract these regions from the dif-
ference image by thresholding.

Compared to the most other filtering-based methods, the
presented approach has several benefits. First, it is not sen-
sitive to vignetting or noise present in the image. Second, it
is easy to implement the blemish-detection algorithm as a
part of dead pixel detection. In practice, the proposed filter
can detect both dead pixels and blemishes, because the
dead pixels can be found by setting the filter width to three
in the original image. If brighter values are also allowed
[Eq. (3) can go negative], then it works also for hot pixels.
Thus, the scaling operation necessary to the blemish detec-
tion can be a part of the dead pixel detection loop that is
made pixel by pixel. Third, thanks to the very small image
size used and the developed filtering method, the computa-
tional time required by the algorithm is very low. Espe-
cially, the computational time for blemish detection can be
made very low, the current implementation of blemish de-
tection (including scaling) requires only 7% of the time
required for the dead pixel detection by using the same
filter. In general, the proposed method makes the overall
testing time of both dead pixels and blemishes greatly
shorter on the production line than that of previously used
method that detects merely the dead pixels.
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