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Abstract. Computed laminography (CL) is an alternative to computed tomography 
if large objects are to be inspected with high resolution. This is especially true for 
planar objects. Algebraic reconstruction technique (ART) enhance the quality of 
laminographic images and permits scanning geometries which cannot be 
reconstructed by conventional tomosynthesis. Thus ART expands the capabilities of 
3D inspection with X-ray methods.  

1. Introduction 
 

Computed tomography (CT) is an established technique for non-destructive testing. 
However, when large objects are to be inspected with high resolution CT has its limitations. 
This is especially true for planar objects. CT requires the object to be imaged from many 
directions around a circle. This is not possible for extended objects either due to 
geometrical restrictions or because of the high absorption of the x-ray along the 
longitudinal directions. In these cases computed laminography (CL) provides a viable 
alternative to CT.  
 Computed laminography is in use for the inspection of printed circuit boards since 
years. Arising applications are the inspection of lightweight constructions from fibre 
reinforced materials like rotor blades for helicopters and wind energy plants. In contrast to 
printed circuit boards these structures have much lower contrast in the X-ray image and 
therefore the demands on reconstruction quality are significantly higher than for the printed 
circuit board inspection. Moreover, the handling of such light weight structures is much 
harder because of there size and weight. Therefore, new techniques are required for data 
acquisition as well as for image reconstruction.    
 
 
2. Principle of computed laminography 
 
Laminography has been originally developed for medical application for layer-wise 
imaging with X-rays. By a coordinated movement of X-ray source and film in opposite 
directions above and below the patient, a certain plane within the patient, the so called 
focus plane, is being projected onto the same position during the entire scan and thus gives 
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a sharp image (cf. Fig. 1). For all other planes the position of the projection moves during 
the scan and they are therefore blurred. However, with this technique only one layer can be 
imaged per scan. In modern digital laminography the film is replaced by a digital flat panel 
detector, which acquires many images during the movement. By means of a computer these 
images are superimposed to generate a blurring tomogram as with the classical technique. 
However, by applying an appropriate shift before superimposing the images, it is possible 
to obtain sharp images from many other layers and such to receive a full 3 D image of the 
object. This reconstruction technique is called tomosynthesis.  
 

 
 

Fig. 1: Basic principle of  laminography. Feautures in the focus plane are always projected on the same 
position of the detector. Features outside this plan are blured. 

3. Reconstruction techniques 
 
3.1 Tomosynthesis 
 
Tomosynthesis is a simple and fast reconstruction technique but has its drawbacks. Because 
it mimics the classical blurring laminography it suffers equally from the blurring artefacts. 
Even so the magnification must not change during the acquisition, imposing restrictions on 
the scan geometry. 
 The image quality can be improved by a filtering technique similar to that used in the 
filtered back projection method for computed tomography reconstructions. But even than 
the tomosynthesis does not come up to the quality of computed tomography 
reconstructions. Nevertheless, tomosynthesis can be used for objects with high contrast in 
the X-ray projections as is the case with X-ray inspection of printed circuit boards for 
example.  
 
3.2 Algebraic reconstruction techniques 
 
A further improvement of the image quality and a general relaxation of the geometrical 
constraints during the data acquisition can be achieved by algebraic reconstruction 
techniques (ART). In contrast to tomosynthesis, which simply superimposes projections, 
ART models the entire physical process of X-ray projection by a system of linear equations. 
The object space is represented by small cubic volume elements, the so called voxels, each 
representing the X-ray attenuation of the object at the corresponding position. Every ray 
path from the source through the object onto the detector pixel is represented by an 
equation. The total attenuation of the X-ray beam passing through the object is known from 
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the detector image. The task is to determine the individual attenuations by each voxel the 
ray passes. This reconstruction process is essentially a matrix inversion. True inversion 
methods would take astronomically long times to reach a result because of the tremendous 
number of variables involved in the order of 109.  
 To obtain a solution in spite of this obstacle one can solve the system of equations by 
iterative approximation methods (Fig. 2). During this process the calculated attenuation 
along each ray path is compared with the measured attenuation from the detector pixel. The 
deviation from the observed value is used to adjust the voxel attenuation values along the 
corresponding ray path. This procedure is repeated for all pixels of all projections until 
some termination criteria is met, i.e. the difference between computed and measured 
projection drops below a predefined threshold value.   
 

 
Figure 2: Schematic depiction of the principle of ART. 

 Using such iterative approach the computational time is reduced to some hours on 
modern computers. For industrial purposes however this is still too slow. Further speedup 
can be achieved by implementing the reconstruction algorithm on graphics processing units 
(GPU). The massively parallel architecture of a GPU is uniquely suited to the application of 
simple but data intensive computations like ray-tracing and back-projection. With the use of 
GPUs the reconstruction time is in the order of minutes and makes a practical application of 
ART for industrial application possible. Figure 3 shows for comparison laminography 
reconstructions by back-projection and by ART. The same projection data are used for both 
the reconstructions. The significant increase in image quality for the algebraic 
reconstruction is obvious from this images. Figure 4 shows an ART reconstruction of a 
plate from carbon fibre reinforced plastics.  
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Fig. 3: Comparison of back-projection (left) and ART (right) laminography reconstructions of a printed 
circuitry board. Shown is a cut through the solder connections of electronic components. 

 
 

Fig. 4: Laminography ART reconstruction of a plate from carbon fibre reinforced plastic. 

 Finally ART is capable of reconstructing completely irregular acquisition geometries, 
which may be necessary when inspecting very big or complicatedly formed objects. In this 
case, robots could move X-ray source and detector freely to investigate fixed objects on the 
spot. This technique would require high robot coordination and positioning accuracy 
however.  
 
 
4. Scanning geometries 
 
4.1 Planar tomography 
 
For printed circuit board inspection the planar scanning geometry is in practical use (cf. 
Fig. 5). However, this technique is not very suitable for the inspection of large and heavy 
objects. It would require the precise (in the order of 10 µm) translation of such large and 
heavy objects over long distances. Furthermore, for a source-detector distance in the order 
of 1,5 to 2 m and a projection angle of ±45° the detector has to travel in a field of 3 x 3 to 4 
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x 4 m² with a precision of 1/10 mm. Changing the magnification will further affect the 
situation. Finally, an X-ray source with transmission target has to be used because a wide 
opening angle of the X-ray cone beam is required to cover the detector in any position.   
 
 

    
 

Fig. 5: Principles of linear (left) and planar or circular (right) acquisition geometries used in laminography. 

 
4.2 Swing laminography 
 
A variant of linear sampling laminography is the swing laminography also called limited 
angle tomography (Fig. 6). This scanning geometry can be realised with standard CT 
scanners. The object is not rotated by full 360 degrees but only by a smaller angular range, 
e.g +/- 30 degrees. The reconstruction can be computed by limited angle filtered back 
projection or by ART. From the point of projection directions this scanning geometry is 
very similar to the linear laminography, and so are the results. However, the magnification 
changes during the scan and so tomosynthesis can not be applied here for reconstruction.  
 

 
 

Fig. 6: Principle of swing laminography. 

 
4.3 Rotary laminography 
 
For inspection of heavy and large objects a laminography technique which uses a new 
approach has been developed at the IZFP. Instead of moving two things on circular orbits 
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like in planar tomography only the planar object is rotated around an axis perpendicular to 
its surface. X-ray source and detector remain fixed in position during the scan (cf. Fig. 7).  
 

 
Fig. 7: Principle of the rotary laminography. 

 This configuration has some advantages over the conventional planar tomography. 
There is only the rotary bearing which moves during the scan, instead of four linear axes 
and the space requirement is much less. The illumination of the detector is always the same 
and there is no need for detector calibration for any sample position as is the case in planar 
laminography where the detector is illuminated from different directions during the scan. 
For the same reason the opening angle of the X-ray tube need not to be as wide as with 
conventional laminography geometries. This means a tube with reflection target can be 
used instead of one with transmission target. And such tubes can perform much more power 
then the latter. This is important for the inspection of thick objects from lightweight 
materials because such materials demand for ‘soft’ X-rays with high intensity.  
 
 
5. Practical realization of rotary laminography systems 
 
5.1 Laminography system for inspection of heavy objects 
 
Fig. 8 shows the construction of the rotary laminography scanner developed at the 
Fraunhofer IZFP in Saarbrücken. The rotary bearing can carry objects up to 300 kg and 
1,40 m in width. For this scanner the laminography angle can be easily changed with the 
swing bearing because X-ray tube and detector are fixed on this bearing. This also allows to 
perform swing laminography with this scanner. The X-ray tube is placed on a linear axis 
which permits to change the magnification according to the needs.    
 This scanner will be used for inspection service and development of new scan and 
reconstruction techniques and can also be used for feasibility studies for the development of 
application specific laminography scanners. 
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Fig. 8: Construction of the rotary laminography system developed at the Fraunhofer IZFP in Saarbrücken. X-
ray tube and detector are mounted on the swing bearing. The sample is placed on the rotary bearing. Samples 

up to 300 kg and 1,40 m in width can be inspected. 

 
5.2 Laminography system as add-on for CT-systems 
 
For the inspection of smaller objects by laminography an removable upgrade for CT 
scanners has been developed (cf. Fig. 9). Such an add-on for an existing CT scanners is 
more efficient and economic than the purchase of a dedicated CL only device. The system 
consists of a rotary bearing which can be mounted on top of the rotation stage of the CT 
scanner. The rotation stage can be used to change the laminography angle and stays still 
during the scan. A procedure for calibrating and adjusting this setup has been developed.  
 

 
Fig. 9: Laminography add-on for CT-Systems. The rotary stage can be mounted on top of the rotation stage of 

a CT system. 
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