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Introduction
> When analyzing your objects using VG software, the results depend on the quality of
the volume data. In this document, we will provide general hints on how to optimize
the scanning process so that you end up with best possible volume data. The higher
the quality of your volume data, the more information VG algorithms can derive from it.
> Please refer to the documentation of your CT scanning device and follow the
instructions and recommendations of your CT scanner manufacturer.
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1. Position the Object in the Scanner Device
> Position the object in the scanner so that its image completely fills the detector. This
way, you can get the highest possible resolution without using region-of-interest (ROI)
scanning.
> Ensure that the object is not being projected beyond the detector.
> If the object is too large and you can’t achieve the desired voxel size with the resulting
magnification, try using field-of-view (FOV) enlargement.
> Rotate the sample and check if it is fully imaged onto the detector at every angle.
Please note:
For ROI scans, position your part closer to the X-ray source for higher resolution, even
when only a part of the object is imaged onto the detector. However, please note that
data quality will be poorer in areas that are not imaged onto the detector at every angle.
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2. Reduce Scattering
> Collimate the X-ray beam so that only the detector is illuminated. This way, the
scattering effect is reduced.
Please note:
Collimating the X-ray beam can have a huge effect. For example, for a 450 kV setup, it
is often the case that more than 30% of the detected intensity is caused by scattering
from the walls and the object holders.
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3. Adapt Tube Voltage
> As a rule of thumb, the penetrating intensity behind the object should be 5–15% of the
non-attenuated X-ray intensity (I0).
> The code of practice published by VDA and DGZfP requires at least 5%.
Set up tube voltage to end up with 5% penetrating intensity in case there is not much
scattering, otherwise (such as in cases of higher kV) 10–15%.
EN ISO 15708-3 recommends 10%.
> In case of strong absorbing objects, use a pre-filter (e.g., Cu) just in front of the tube to
achieve the rule of thumb.
This will reduce beam-hardening artifacts as well.
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4. Adjust Tube Current and Detector Integration Time
> Adjust the tube current and the detector integration time to achieve an I0 in the X-ray
image of about 90% of the detector dynamics (~ 60000 for a 16-bit detector, 15000 for
a 14-bit detector, etc.). This way, the detector will not be overexposed.
> Be aware that integration time and tube current are roughly linear with detected
intensity.
> Higher integration time leads to a longer scanning time. Higher tube power leads to a
larger focal spot of the tube, which limits the achievable spatial resolution.
Please note:
First, enhance the tube current until the focal spot size (see tube manual) is in the order
of the chosen resolution. Second, adjust the integration time so that I0 is as high as
possible.
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5. Bad Pixel, Dark Image, and Bright Image Correction
> Perform bad pixel correction, dark image correction, and bright image correction.
Average a lot of images (at least 50) for the resulting dark and bright image.

Bad pixel

Dark image

Corrected image

Bright image
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Example: Bad Pixel Correction

Without bad pixel correction

With bad pixel correction
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Example: Dark and Bright Image Correction
Only dark and bright correction of projections can deliver the correct shape of the object.
The worse the data quality, the greater the effect.

Without dark and bright image correction

With dark and bright image correction
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6. Intensity Behind the Object
> Cross-check if the intensity behind the object is still within the range of
5–15% of the non-attenuated X-ray intensity (I0).
> If not, repeat from the third step iteratively.
> There will be huge artifacts in the reconstruction if the object is not penetrated.

Object penetrated

Object not penetrated
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7. Number of Images per Projection /
Number of Projections
> When measurement time is not critical: average several images per projection.
This will reduce noise and enhance contrast resolution.
> Alternatively (if possible, preferable) increase the number of projections.
This will reduce edge artifacts and aliasing effects on top.
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Example: Average Images
A

B

C

(A+B+C) / 3
12

Example: Average Images

One of several images

Average image
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General Rules
> The more projections taken, the better the results will be.
> However, don’t end up with a very long scanning time, as the CT system might not be
stable enough for a long-term measurement (temperature drifts, tube and detector
stability, etc.).
General approach
Reduce artifacts in your scan by considering physics instead of trying to perform
software corrections in the projection views or during reconstruction. The better the scan
is, the better the results will be, and the easier these corrections can be applied.
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Please Note
This document provides very general recommendations on how to scan objects. There
might be situations or objects where this workflow will not work effectively. We therefore
cannot guarantee that this approach will lead to the best possible results.
Volume Graphics GmbH explicitly allows you to forward this document to others who are
interested in it. However, the following conditions must be fulfilled:
> You are not allowed to change the document.
> You are only allowed to forward the complete document as a PDF.
> You are not allowed to use the document for commercial purposes.
> You are allowed to use the document for training purposes.
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Thank you
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