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Abstract  

The ultimate purpose of digital image filtering is to support the visual identification of certain features expressed 

by characteristic shapes and patterns. Numerous recipes, algorithms and ready made programs exist nowadays 

that predominantly have in common that users have to set certain parameters.  Particularly if processing is fast 

and shows results rather immediately, the choice of parameters may be guided by making the image ―looking 
nice‖.  However, in practical situations most users are not in a mood to ―play around‖ with a displayed image, 
particularly if they are in a stressy situation as it may encountered in security applications.  The requirements for 

the application of digital image processing under such circumstances will be discussed with an example of auto-

matic filtering without manual parameter settings that even entails the advantage of delivering unbiased results.   
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1. Introduction  
 
Like in photography the world is going more and more digital also in radiology.  As a conse-

quence, craftsmanship in film and image processing is shifted from the dark room to the com-

puter.  This is not just a step from wet to dry processing but opens a whole range of new ca-
pabilities of viewing at an image and of perceiving its content.  A radiographic film is exam-

ined with a light box that could be dimmed in accordance to the optical density of the film.  

Likewise, the brightness and contrast of a digital image displayed on a screen can be also ad-

justed.  A magnifying glass could reveal some tiny details on a film whereas the spatial reso-
lution of the virtual image in the computer is limited to the size of the picture elements, the 

so-called ―pixels‖.  However, contemporary digital radiographic images consist of more pix-

els than could be displayed on most monitors so a magnification is possible by selecting a 

certain part of an image.  But from thereon, the possibilities to examine a digital image exceed 
those available when viewing a film.  Since it is stored in a computer, it consists of a matrix 

with numbers accessible to algebraic operations with all their versatile capabilities.  This 

raises the question to choose the right ones, and this is not only a question of achieving a nice 

looking result but also, and even more, to unravel the core information that might be blurred 
by an unfavourable contrast adjustment in parts of the image or corrupted by noise.  An ap-

proach is described here to achieve an optimally processed image showing all the desired de-

tails uncorrupted by noise without bias nevertheless on a comfortable way.  As a prerequisite, 

it should be explained exactly which features are perceptible to the human vision, which be-
long to the gestalt to be detected and which are the disturbing ones.   

 

2. Image content and perception 
 

Any image may contain more information than perceivable at a first glance.  A digital image 

in radiology consists of 12 to 16 bit pixels, i.e. a grey value range of 4096 to 65536 integer 

numbers as compared to 60 to 80 ones simultaneously in the human vision capacity, equiva-
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lent to about 6 bit only.  However, the human eye has to cope with a light intensity dynamic 
of 8 magnitudes, from 10-3 cd/m2 to 104 cd/m2. The natural way to do so are physiological 

mechanisms as changing the size of the pupil, varying the pigment content in the retina of the 

eye, altering the area covered per neutron, switching between cell types of different light sen-

sitivities (rods and cones) and altering the exposure length required for excitation of a recep-
tor cell which might be technically equivalent to different integration periods in sensors.  As a 

consequence, the human vision is adapted to the environmental conditions but does not allow 

a larger dynamic intensity range of about 6 bit at a time.  It is a matter of digital image proc-

essing to prepare the image content in a way that is perceivable to human vision, i.e. reducing 
the dynamic range by selecting and/or compressing.  In terms of spatial resolution, the ―pixel 
size‖ of the eye, i.e. the diameter of a light receptor cell in the central region of the human 
eye, is approximately 5 µm.  Related to the distance between the retina and the lens within the 

human eye, this relates to an aperture angle of 1 minute of arc (1’) and an acuity grade of 1 in 
ophthalmology [1].  Extrapolated to a reading distance of approximately 30 cm between eye 

lenses and a printout of a picture, this rather precisely matches with a square aperture of 

88.6 µm x 88.6 µm to be used for scanning a radiographic film in order to measure the 

granularity D as stated in the ISO Standard on the classification of industrial radiographic 
films [2].  In addition, when printing with grey scaling, a printout with 300 dpi has a pitch of 

84.7 µm from dot to dot.  As a consequence, any printer resolution with more than 300 dpi 

grey scale resolution that is not supposed to be inspected with a magnifying glass has a 
meaningless high resolution unless the impression of a grey tint is generated by a number of 

smaller black dots (dithering) within the area of a perceived ―pixel‖.  Selecting the part of an 

image for viewing is usually user driven and not of concern in image processing algorithms.  

This may also apply in some extend to a reduction of pixels for presenting an image on a cho-
sen media, except in the case of pixel binning for the purpose of noise reduction.  In conclu-

sion, it is decisive for perceiving an image content to process appropriately the dynamics in 

grey values, i.e. tackling contrast differences.   

 

3. Digital image processing 
 

A digital image is regarded as a rectangular matrix of integer numbers representing pixels, i.e. 
picture elements.  While in photography the basic colours are coded in a set of three 8-bit in-

tegers (coding more than 16 million colours) a radiological image consists often of grey val-

ues only usually expressed in a 12 to 16 bit integer.  Such a matrix can be subjected to any 

thinkable mathematical processing.  Selecting the meaningful ones means to specify exactly 
the aim of such a process, and to specify the appropriate procedure accordingly as to be dis-

cussed in subsection 3.1.  It should be considered that viewing an image means much more 

than a matrix of number values.  It contains information, features and gestalt (originally a 

German word used commonly in the psychology of human vision).  In the context of non-de-
structive evaluation, a gestalt consists of flaw indications from the inner volume not visible 

from the outside of an object.  Though perceiving a gestalt is the final process in recognising 

the content of an image, it is a highly complex one performed in the visual cortex of the hu-

man brain.  As such, it might be questionable if and how far this could be mapped into a com-
puter program.  However, in-between are certain features characteristic for the nature of a 

given image.  There is a dynamic range encompassing the whole image information, there are 

corners and edges forming entities leading to somewhat like a gestalt , but there are also im-

perfections disturbing the perception of the informational content of an image.  These may 
consist of a certain granularity beyond the size of the pixels and overlying noise covering 

weak details and making them nearly invisible without processing.  All the effects hiding or 

distorting the desired image information will be discussed in the sub-section 3.2, and the tools 

involved in 3.3.  The severity, gravity or predominance of such features usually is estimated 



visually and expressed in parameters of model functions.  A way how to determine such pa-
rameters automatically, and thus how to avoid bias, is demonstrated in the sub-section 3.4.  

Finally, some representative results achieved so far will be shown subsequently in 3.5.  Spa-

tial changes such as geometric shifting or distortions are beyond the scope of this treatise.   

 
3.1 Digital images 

 

Numerous image processing programs are available nowadays that run on a variety of com-

puters, most of them designed for modifying digital photos.  In this context, only those rou-
tines should be considered that have been implemented to achieve a presentation allowing 

recognising the features of interest, i.e. containing the expected information.  In principle, 

these tools can be also applied to radiological images with the difference that they show a 

grey scaling instead of colours but encompassing a larger range of values than in each of the 
three fundamental colours of a photo.  As a result, the adaptation to the human viewing means 

a far more drastic reduction of the total contrast than with digital photos.  As mentioned 

above, images with 32 to 256 times more grey values are common in digital radiology.  This 

only could be achieved by binning, i.e. combining small sub-ranges of grey values to a single 
one, or by selecting a certain range from the whole scale which contains the information of 

interest.  In any case, there is a risk of loosing relevant information, either in blurring the 

contrast or by picking the wrong sub-range, particularly if the interested features are distrib-

uted over the whole range in different parts of the image.   
 

 
 

Figure 1. Radiographic image with details in distant ranges of brightness and contrast,  

electronic instrument partly covered with 10 mm steel (x = lead mark) 
a) displaying the whole contrast range of the image, faint appearance,  

b) low brightness, nothing detectable in the covered area,  

c) high brightness, details appear underneath the steel cover but vanish in the uncovered area,  

d) aim of the image processing, visualising details in both areas, the shielded and bare one,  

the lead cross on the steel cover (x) is clearly visible in (c) and (d).  

 

An example is given in Figure 1 displaying a radiograph (X-ray 150 kV, phosphor imaging 

plate Fuji ST-VI) of an electronic instrument (multimeter) partly covered with a steel plate of 
10 mm thickness.  There is a lead mark (x) on top of the plate to be detected in the right part 

of the lower half of the image.  The raw image with the whole contrast range in panel ―a‖ is 
subsequently subjected to contrast adjustments in two different directions (panels ―b‖ and 

―c‖).  Each of them displays different features.  As a consequence, adjusting the contrast 

could reveal all details of an image in subsequent presentations, but not always in a  single 
one.  Even transforming the scaling e.g. from linear to logarithmic does not always provide a 

solution.  The next step would be to include adjacent pixels into image processing as to be 

discussed below.  Its potential is also indicated in Figure 1, panel ―d‖.  The lead mark men-

tioned above is clearly visible only in a bright adjustment (panel ―c‖) or after image process-



ing (―d‖).  The instant appearance of all details in both, the covered and the bare part of the 
image demonstrates the benefit of the processes to be presented in detail.   

 

3.2 Digital tools 

 
Since a digital image can be regarded as a huge numerical matrix, all sort of arithmetical tools 

principally are applicable to make changes resulting in an altered appearance.  However, in 

doing so the aim of processing should be clearly stated that could be either aesthetic to pro-

duce an artwork or to reveal hidden features.  While the former intension allows any artistic 
freedom the latter one strictly should preserve the original information.  With other words, 

only the information that really exists in an image is supposed to be displayed while avoiding 

any putative artefact that may be caused by the process itself.  As a consequence, the image 

should be treated pixel by pixel following traceable rules and instructions.  Nevertheless, there 
still is an appreciable range of methods from rescaling all grey values in general to including 

the vicinity up to the whole image area.  The palette of possibilities will be presented in steps 

of increasing complexity as presented in numerous publications, e.g. in books [3] or journal 

articles [4].   
 

3.2.1 Point orientated operations 

The simplest step in image processing could be compared with turning the brightness or con-

trast control of an ordinary monitor screen.  If a sub-range of the available grey values is se-
lected, this could be shifted to higher or lower values, i.e. changing the brightness, or be re-

sized, i.e. altering the contrast of the displayed image.  In its physiological counterpart this 

might be the adaptation of the eye to the ambient illumination conditions by all of its mecha-

nisms.  One of those could be regarded as a prolongation of the integration time in case of 
insufficient illumination conditions.  Technically, a multiple exposure could provide a solu-

tion in such a situation if both, the object and the detector remain exactly in their position.  

Then, each pixel of the image can be calculated either by the mean or the median value of its 

counterpart in each single exposure.  Slightly more sophisticated would be changing the scal-
ing characteristics as it would be in setting a gamma value in digital photography.  In practice, 

this could be achieved with a look-up table where a new grey value is listed for each existing 

one.  These kinds of operations are sufficient to reveal subsequently information present in 

different sub-ranges of the total contrast of the whole image in a series of separate illustra-
tions.   

 

3.2.2 Including the close vicinity 

Image features are composed by transitions from pixel to pixel on a very elementary level. In 
practice, a patch of the image is selected with the pixel of interest in the centre.  Its value will 

be adapted based on those found in the vicinity.  This patch consists usually of a sub-matrix of 

3 x 3 or 5 x 5 values, rarely more than that, and is called ―kernel‖.  A simple processing would 

be determining the mean or median of the whole sub-matrix and replacing the central pixel 
with that value resulting in a smoothing of noisy images.  A contrary effect can be achieved 

by convolution with a filter matrix with the effect of enhancing edges and corners.  This can 

be achieved by employing Laplace or Sobel filter that are described in several text books on 
image processing (e.g. [5] and [6]).  In nature, this kind of effect principally is already in-

stalled in the retina of the eye with the ability to switch on or off adjacent receptor cells if a 

larger area is more or less homogeneously illuminated.  This could be regarded, in effect, as 

an inborn edge enhancer.  The point of interest in this context pertains to the prospects of 
digital image processing by achieving adverse effects depending on the choice of the filtering 

matrix, or figuratively expressed, filter mask.  The limitation is that one kind of effect can be 

obtained, smoothing or enhancing, but not both in one stroke.   



 
3.2.3 Approaching the total image as a whole  

Features spread all over the image are treated best if the total image is included.  However, 

this needs to transform the spatial information into its counterpart in the frequency domain, 

practically achieved by a Fourier transform in most cases [6].  Herein, long waves across the 
whole area are condensed to a few points while all short distance features as they are encoun-

tered in a kind of noise with an appearance of a salt and pepper pattern are shifted to higher 

frequency ranges separated from those carrying the information of interest.  This allows prin-

cipally selecting the desired information while getting rid of the noise and of intensity fluc-
tuations.  Particularly the latter ones tend to coerce the viewer to examining more than a sin-

gle image since different brightness and contrast settings might be necessary to reveal all de-

tails.  However, this entails to carefully select appropriate types of filters and to set the 

thresholds accordingly.  Doing so visually might be cumbersome and could lead to biased 
results since the recognition of features is an act of our memory that is located in the deeper 

human cortex rather than a process within, crudely said, the image formatting that takes place 

in the eye, the thalamus and primary visual cortex of the brain.  This raises the question if an 

objective algorithm could be found to extract the criteria for the filtering characteristics and 
the choice of limits from the intrinsic information present in an image.  However, this entails 

asking for the kind of features that are supposed to be elaborated and of those that should be 

eliminated.   

 
3.3 Recognizable digital image features  

 

With all the digital tools at hand the aim of the task of image processing has to be reconsid-

ered, i.e. the feature needs to be identified that has to be disclosed or emphasized in its ap-
pearance.  This means to reconsider the features that entail an image, particularly beyond the 

very local ones and the mere brightness and contrast.  There is more than just the noise hiding 

the desired information, there also the large fluctuations of brightness as already demonstrated 

above.  So the true information to be extracted from an image seems to be allocated between a 
fluctuating and also abruptly changing brightness from one part to another on one side and the 

noise with intensity alterations from pixel to pixel on the other side.  These features are rec-

ognised as cloud like figures on the one hand and patterns that may look like pepper and salt 

on the other hand.  Since a spatial resolution in the range around 100 µm is quite common 
among digital imaging in radiology, this kind of noise would be quite perceivable in 1:1 re-

production or display of the image according to the capability of human vision as discussed 

above.   

 
3.3.1 Separating desired information from the unwanted one 

However large fluctuations in brightness on one side and noise on the other one are the fea-

tures supposed to get rid of to reveal the desired information.  However, this by nature also 

consists of differences in grey values between the pixels representing the informative content.  
So the problem cannot be resolved by a mere brightness and contrast adjustment as shown 

above and below.  At least it needs a holistic approach.  For this purpose, an estimation is 

requested e.g. where the image content ends and where the noise commences.  Since noise is a 
perceivable feature, this limit is chosen by visual inspection, with the disadvantage that this 

might be laborious and affected with bias.  Even worse, the choice of the pertaining parameter 

could be influenced by aesthetic aspects rather than by determinable properties.  This could be 

even a bigger problem when applying high pass filtering to enhance edges and corners for 
recognizing the gestalt searched for.  This procedure inevitably enhances also any noise pre-

sent in the image, as shown in Figure 2.    



 
 

Figure 2. Enhancing structures with concomitant noise and balanced filtering,  

a) dark adjusted, b) bright adjusted, c) filtered.  

 

3.3.2 A practical example 

The Figure 2 shows a section of a radiograph of a wooden specimen with internal annual ring 

structures and knots.  It represents a piece of a glulam with two adjacent layers which differ in 
their density allowing the adjustment of the brightness and contrast in a way visualising the 

annual rings only in one of them, i.e. a similar problem as demonstrated in Figure 1 and pre-

sented here in the panels ―a‖ and ―b‖ with dark and bright adjustments, respectively.  The 
high pass filtering shown in panel ―c‖ unravels noise interfering with both, the annual ring 
pattern and the signatures of the knots.  As a first remedy, the high pass filter was combined 

with another one suppressing generally the noise without needing a limiting parameter as de-

scribed below, however, not with a completely satisfying result.   

 
3.4 Balanced filtering according to features inherent in the image 

 

As long as structural features characterised by corners and edges are of interest rather than the 

absolute density values, it has become quite obvious that the desired information is hidden 
within a large overall density fluctuations on one side and noise on the other one.  As a conse-

quence, the whole image is transformed into the frequency domain achievable by a Fourier 

transform.  There, the fluctuations are found in the low frequency range, the noise in the high 

one.  The challenge now is to find a balanced filtering between the annoying brightness fluc-
tuations, the image content of interest and the disturbing noise.  From a practical point of 

view, this should operate swiftly without introducing any bias.  As a consequence, an auto-

matic procedure not allowing any operator interaction would be a strategy of choice.   

 
3.4.1 A general parameterless filter 

One way to avoid visual interference would be to apply a general filter with smooth transi-

tions from undulating fluctuations to the desired shaped features and from there to the noise 

region.  It must cope with two adverse characteristics, enhancing information with increasing 
frequencies in the low range and with an attenuating effect at the high end (bandbass filter).  

For practical purposes, this could be a composed filter function consisting of a rising function 

and a falling one with increasing frequencies.  A classical rising one is known as the ―Ram-

Lac‖ filter in the field of tomography [7].  This has been combined with a decreasing compo-
nent suppressing low frequencies in the ―Shepp-Logan‖ [8].  However, when processing ra-

diographic images it has been found that a varied form of the latter one appeared more appro-

priate:   

 

F = d * cos(d* )       (1) 

 



where F represents the filter function and d the normalised distance from the origin of the 
transformed image, i.e. the distance in pixels divided by the half of the image diameter.  

Shepp and Logan [8] have used the sinc function (sin( )/ ) that has a steeper slope.  These 

functions do not have any parameter to adjust individually.  However, this generalised ap-
proach may not suit in any case.   

 

3.4.2 Exploring the internal image features for filtering 

Alternatively, the actual characteristics of an individual image could be used to extract the 
existing features attributed to the signal and to the noise as principally applied in the optimal 

(Wiener) filtering [9].  This has been extended into two dimensions and in combination with a 

shape enhancing component of the Ram-Lac type mentioned above as it will be shown here.  

The flow charts of the entailing processes are shown in Figure 3.  However, this approach 
needs information about the intensity distributions across all the frequencies in the trans-

formed domain.  This can be obtained by a two-dimensional power spectrum calculated from 

the transformed image.   

 

 
 

Figure 3. Flow charts of image processing without visual control 

a) general filter with no parameter, b) isotropic approach, c) anisotropic approach 

 

Beside the general parameterless filtering, two alternative processes are described using filters 

either derived from averaging the power spectra in all possible directions or taking a 
smoothed power spectrum directly after subtracting the extrapolated noise level.  Due to the 

kind of generation, the first one is of isotropic structure since an averaged profile is rotated 

round the zero axis as shown below and the second one preserves the containing characteris-
tics in different directions.  For the purpose to build the two dimensional isotropic filter func-

tion, all information with frequencies of above n/4, equivalent to wavelengths of a very few 

pixels, is regarded to represent noise.  As shown in Figure 4, this is either extrapolated line-

arly from the frequency range above n/4 in the former approach wherein n is the number of 
pixels in a row of the original image.  When choosing the other way the noise level is deter-

mined by averaging the intensities in the outer n/4 squares in the corners of the transformed 

image for the subtraction from the remaining two-dimensional power spectrum before form-

ing a filter.  Due to the way how these two different filter functions (panels ―b‖ and ―c‖ in 
Figure 3) have been derived, the first one is obligatory isotropic where the other one could be 

anisotropic depending on the original image, i.e. it may have different intensities e.g. in verti-

cal and horizontal directions.  In any case, the internal determination of the filtering function 

is capable to provide a balanced and unbiased precondition for a subsequent filtering process.   



 
 

Figure 4. Correcting for noise in the power spectra (512 x 512 pixel image), 
a) isotropic approach with rotating line profile, extrapolating from high frequencies, 

b) selecting corrupted areas without relevant information.  

Abscissas: frequency, ordinates: power spectra intensities 

 

In addition, Figure 4, panel ―a‖, shows the power spectra in vertical and horizontal direction 

separately with an opening angle of 45°, the vertical spectrum in red, the horizontal one in 

blue.  This matches the predominant annual ring pattern running horizontally of the original 
image which can be seen in Figure 2, panel ―a‖.  As a consequence, the contrast changes are 

more significant in the vertical direction than in the horizontal one.  This is also reflected in 

the two dimensional presentation of demonstrated in the panel ―b‖ of Figure 4 which refers to 

the same image.  The two procedures are described in detail in the patent DE 10 2006 034 132 
disclosed on 24.01.2008 [10].   

 

3.5. Expectations for a swift and unbiased image processing 

 
Having browsed all the steps to enable visualising the features of interest, the ultimate pur-

pose of image processing should be reconsidered with all its requirements, expectations and 

desires.  Since the purpose of radiology in non-destructive testing is to detect flaws from the 

inside of the object impairing safety and functionality there is a main focus on finding indica-
tions characterised by their shape rather than by the density of the material interrogated.  This 

means identification of features determined by a local contrast in the image.  This can be dis-

turbed by inadequate contrast adjustment in the region of interest but also by corruption by 

noise.  Any appropriate image processing should enhance the features of interest while relia-
bly remove any noise and undesired density fluctuations that might hide details in a bright or 

dark section of the image.  In addition, this should be all achieved without adding new arte-

facts.  In practical applications, image processing should be efficient, user-friendly and ex-

ecutable on the available computers without additional (hardware-) requirements.   



 
 

Figure 5. Results achieved with isotropic (a, b) and anisotropic (c, d) automatic filtering 

The shape of the noise filtering components (a, c) are shown with the resulting images (b, c),  

the anisotropic filter function is displayed turned left 90° to demonstrate more clearly the differences between 
the vertical and the horizontal directions.   

Abscissas and ordinates are the same as in Figure 4. 

 

3.6 Results achieved 

 

Both ways of processing, i.e. with isotropic and anisotropic noise filtering, are shown in 
Figure 5 together with the automatically determined noise part filter (the diagram shown in 

panel ―c‖ is turned by 90°, as compared to Figure 4, panel ―b‖, to visualise more clearly the 
anisotropic aspect).  The isotropic approach yields acceptable results in most cases while the 

anisotropic one might be of benefit in the presence either of parallel structures or of an anisot-
ropic kind of noise that might be caused by the image scanning process.  Practical results have 

been achieved with all kinds of radiological images including neutron radiography inevitably 

with a minor image quality as compared with X-ray radiographs.  The program has been used 

successfully on all available computers running Windows operating systems (since Windows 
98, see http://www.kb.bam.de/ic.html ).  It does not need any installation.  Representatively 

for all, Figure 1 already shows how fine structures are visualised in an electronic device partly 

covered with a thick steel layer.  Particularly noisy images as they are encountered in X-ray 

backscatter imaging are successfully processed as demonstrated in the contribution by N. 
Wrobel et al. in this volume [11].    

 

4. Conclusion  
 

An approach of image processing is presented here that is guided by the intrinsic features of 

an image rather than by the judgement of a viewer.  The clear advantages are achieving rap-

idly unbiased results without the requirements to provide certain parameters pertaining to the 
filtering process or to choose from a selection of various types of filters.  The only remaining 

option is to decide whether the isotropic approach as described above delivers sufficient re-

sults or the anisotropic one may be more favourable due to certain individual characteristics in 

the image.  This may be the case if the kind of noise differs with the direction within the im-
age due to scanning processes that may operate line by line.  The automatic noise recognition 

without visual supervision makes the image processing absolutely free from bias caused by 

visual assessment with subsequent settings of limiting parameters.  Another advantage is the 

non-iterative approach per se with plain specifications defined in the algorithm itself, i.e. high 
pass filtering on one side and determination of the ―signal‖ and ―noise‖ intensities present in 

the individual image for the separation of the desired information from the unwanted one.  As 

a consequence, no convergence criteria are needed for any iterative process nor is there any 

risk of rising artefacts that might increase loop by loop.  In summary, the algorithms presented 
are not operator driven, sufficiently fast and thus reliable and easy to use.   

 

http://www.kb.bam.de/ic.html
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