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Abstract 

X-ray computed tomography (CT) is nowadays a powerful tool for internal 

structure/defects inspection of objects. However, continuous efforts of research are put on 

optimizing CT imaging quality, reducing reconstruction time, saving computing resource and 

so on. In this paper, we report that, in some cases, the mounting orientation of objects would 

also have significant impact on the quality and detectability of the CT images, thus greatly 

affecting the subsequent analysis, of a feature-of-interest. The sample reported here was a 

printer ink-cartridge. We demonstrate that due to the dominant absorption of metal screws, 

with a normal mounting of the object, the targeted adhesive layer between the metal feature 

and the plastic substrate couldn’t be fully reconstructed with good quality. On the contrary, a 

carefully designed oblique-mounting of the object gave us expected good results for the 

whole feature. For this study, SIMTech’s PowerRecon
®
 CT software was used to achieve 

differential reconstruction and analysis. 
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1. Introduction  

In daily CT inspection practices, naturally we always prefer to scan an object by 

mounting it either with less mounting effort, or simply following its natural shape. This is 

reasonable due to the fact that we generally don't know if any specific mounting orientation 

would give us better reconstruction result than others, and the fact that a shape-based 

mounting usually leads to a simpler visualization process. In addition, the subsequent 

visualization operation of the CT results also prefers a well-positioned scan, particularly 

where layer-wise inspection and analysis involved. However, we do have certain applications 

that involve both strong-absorption parts and weak-absorption parts in the object; and it 

happens to be some weak-absorption parts that are interesting to us.  In these cases, a 

carefully defined mounting orientation is required to minimize the impact of the 

strong-absorption part to the weak-absorption part so that the later can be reconstructed with 

good quality. 

 

In this study we reported a CT inspection of a printer ink-cartridge. The task is to 

examine the whole spreading area of the adhesive layer between the metal layer and the 

plastic substrate. Its profile should have a direct impact on the reliability of the device’s final 

performance. As usual, our first scan was conducted by mounting the sample following its 

natural orientation that is, making the layer planes parallel to the axis-of-rotation. With this 

arrangement, we would expect after the reconstruction at least one orthogonal view could be 

well-aligned with one dimension of the reconstruction volume, as long as the scanning was 

started with the layers parallel to the detector plane. Then the CT resoults could be visualized 

with some commercially available visualization softeware such such as VGStudio Max and 
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I-view. However, due to the specific construct of the ink-cartridege, this first scan failed in 

delivering the whole profile of the adhesive layer. The reason, as shown in Figure 1, is due to 

the partially superimposing of the metal crews and the adhesive layer. Because the dominant 

absorption role of the metal screws, the CT image quality of the adhesive layer in the 

overlapping region is not acceptable for further analysis.   

 

To solve this problem, we proposed a scan with an oblique mounting of the ink-cartridge 

according to its particular construct. This would avoid the influence of the metal components 

to the thin and less-density adhesive layer. However, due to this tilting of the object, with the 

existing commercial software, it is impossible to reconstruct the adhesive layer with a 

preferred orientation, i.e., being parallel to one plane of the reconstruction volume. Otherwise, 

one has to go through a tedious and time consuming process to obtain the layer image by 

using the arbitrary cutting function of the software. Therefore, Dr. Liu in SIMTech developed 

an unique reconstruction software [1] to deal with objects having oblique planes-of-interest in 

a scan, or planar objects being scanned with oblique orientation. The theory of the new 

method is discussed in Liu’s publications [2-4].  

 

2. Methodology 

2.1 Sample description 

The sample to be investigated is an ink-cartridge of a printer. The ROI is a three-layer 

structure as illustrated in Figure 1, with metal chip layer on the top, epoxy adhesive layer in 

the middle and plastic substrate on the bottom. The inspection task is to check the spread area 

of the adhesive layer, which is thought to be a direct reflection of the connection of the metal 

chip and the plastic substrate. What makes CT inspection complicated is the existence and 

locations of the array of metal screws below this ROI. From the 2D project image in Figure 1 

that is taken with the layers perpendicular to the detector, one immediately notice that the 

attenuation of a single metal screw is even stronger than the attenuation of the adhesive layer 

at its largest penetration path, let long for situations where several screws are aligned with the 

x-ray source.   

 

 

Fig.1 The ink-cartridge of a HP printer 

 

2.2 Mounting techniques 

We scanned the ink-cartridge with three mounting strategies, as shown in Figure 2a to 2c 

respectively. With the first one (Figure 2a), the device was mounted following its natural 

shape, with the axis-of-rotation roughly aligned with the height of the layers. In the 2
nd

 and 3
rd

 

Metal screws     

ROI          



*Corresponding author, tliu@simtech.a-star.edu.sg, Tel: 67938326; 71 Nanyang Drive, S638075 

arrangements, the object were mounted with a tilting angle about 40 degree with respect t to 

the detector plane. However, with the 3
rd

 one the axis-of-rotation was roughly aligned with the 

center of the ROI. When setting the magnification of the scan, generally two criterions are 

considered. One is that the projection of ROI should remain in the field of view (FOV) during 

the scan. Another is to obtain a magnification as high as possible.  

 

    

Fig.2 The Mounting strategies (------- axis-of-rotation) 

 

2.3 X-ray CT characterization 

The projection images were acquired with a Yxlon micro-focus X-ray inspection machine. 

The sample was scanned with a source-to-image distance of 680mm, but the source-to-object 

distance was changed with different mounting techniques. Accordingly the magnification and 

resolution of the reconstructed ROI were also different and more details will be discussed 

later. The source was set at an accelerating voltage of 90kV and a tube current of 14 µA. For 

each mounting method, the object was rotated a whole round and 720 projections were taken 

with a 0.5 angular step. The detector has a physical size of about 200-by-200 mm
2
 and 1848

×1480 pixel numbers. The pixel size is 127 µm. The projection images were then 

reconstructed and visualized with SIMTech's PowerRecon
®
 CT software. 

 

3. Results and discussion 

In this study the general mounting gave the highest magnification (×4.8) among the three 

mounting arrangements and therefore provided the highest scan resolution. Figure 3 shows 

the slices of the three layers in the ROI under this mounting arrangement. With prior 

knowledge, we know that both the metal layer and plastic substrate should have straight 

regular edges, but the adhesive layer should have an irregular edge profile due to its 

non-controllable spreading characteristics. This is less arguable on the left part of the images, 

however, on the right part, the images of the adhesive layer and the substrate are quite blur 

and not easy to detect their edges properly. This is exactly due to the dominate contribution of 

the metal screws to the attenuation X-rays.   

 

It is worth pointing out that in this scan the resolution in thickness dimension is three 

time higher than that in the lateral dimension. This is necessary because both the metal and 

adhesive layers are very thin compared to the overall size of the ink-cartridge. To our best 

knowledge, this is only achievable with SIMTech's differential CT reconstruction algorithm. 

With commercially available software this is only possible by reconstructing the object with a 

large reconstruction volume, say, 2048^3 (meaning much more computation resource and 

time are needed). But with SIMTech’s differential reconstruction algorithm, one can use a 

a                   b                   c                      
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1024×Y×1024 reconstruction, with Y being the pixel number of the reconstruction volume in 

the object’s thickness dimension and determined by the ROI’s physical thickness, the scan 

magnification and the resolution defined with respect to that in the lateral dimension.  

 

Table 1 Scan and Reconstruction parameters for the three mounting arrangements 

Mounting 

Method 
Magnification 

Reconstrution 

volume (X, Y, Z) 

Reoconstruction 

resolution (dx, dy, dz) µm 

1
st
 4.8 1024×478×1024 18.1, 6.0, 42.1 

2
nd

 2.4 1024×310×1024 36.8, 12.3, 16.4  

3
rd

 4.6 1024×410×1024 18.7, 6.2, 55.0 

 

 

Fig.3 Slices of the different layers of the ROI obtained from CT scan with the 1
st
 mounting. 

Note that the image inside the red dotted box is quite blurred for all layers, 

particularly serious for the adhesive layer.   

 

Figure 4 shows the slices of the different layers of the ROI obtained from the CT scan 

with the 2
nd

 mounting method. One could see that the whole the adhesive layer now looks 

consistent from left to right. This is a clear indication that the influence of the metal screws is 

avoided. However, we also noticed that a new problem has been brought out with this oblique 

mounting. Compared to the 1
st
 scan, the edge profile of the adhesive layer of the 2

nd
 scan was 

a bit poorer. The cause of this problem was the reduced available magnification (×2.4) 

resctricted by the tilting manner.  

 

Substrate 

5mm   

Adhesive layer 
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Fig.4 Slices of the different layers of the ROI obtained from the CT scan with the 

obliquely mounting  

 

To maximize the magnification with a lilting arrangement of the object, an offset to the 

axis-of-ration is introduced with respect to the object. As illustrated in Fig.2(c), while keeping 

the orientation of the ROI, now in the 3
rd

 scan, the position of axis-of-rotation is aligned with 

the center of the ROI. With this arrangement, a doubled magnification (×4.6) is achieved.  

  

The three slices of the ROI with the 3
rd

 scan are shown in Figure 5. One can observe that 

the whole planar features in the ROI can still be fully reconstructed properly and at lease 

visibly the image quality are also improved for all the three slices. Most importantly, the 

boundary of the key adhesive layer is now able to be clearly defined without any ambiguity.  

 

One may argue that the top layer is also made of metal, why it didn’t cause big problem 

to this study. The reason is that this layer also has a thin thickness and its attenuation wouldn’t 

affect the proper reconstruction the adhesive layer which is made from some kind of epoxy. 

Therefore the impact of this layer to the weak-absorption layer can be ignored due to its very 

thin thickness,  

 

From this result, it is confident to say that the adhesive layer in this ink-cartridge is 

uniformly distributed between the top layer and substrate, indicating the metal chip is well 

bonded to the later. 

 

Adhesive layer 

Metal layer 

Substrate 

5mm   
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Fig.5 Slices of the different layers of the ROI obtained from CT scan with modified 

obliquely mounting 

 

4. Conclusion 

In this study we demonstrated the effect of different mounting methods on the 

reconstruction quality of a multilayered planar region in a printer ink-cartridge. The 

reconstruction and the layer-wise visualization were carried out with SIMTech's unique CT 

PowerRecon
®
 CT software. It was found that by carefully designing oblique-mounting, the 

low-density ROI in a complicated object could be reconstructed properly. As in this 

demonstration, a general mounting method presented a blurred CT image of the epoxy 

adhesive layer due to the strong absorption of metal screws below it. By mounting the sample 

with the tilted orientation and properly positioning the axis-of-rotation, the influence of the 

metal screws could be avoided and good-quality CT images were obtained. Through this case 

study, we prove that a proper assessment of the right mounting strategy plays an important 

role in some CT inspection applications.   
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