For the scanner reconstruction MTF, on the other hand, the experimental results
revealed that the employed calibration and reconstruction procedures could not often
provide sufficient accuracy. The largest error was believed to be introduced by the
scanner calibration, as this procedure was built on several idealizations (perfect detector
geometry, ideal vertical alignment of the scanner components, etc.) and was also very
sensitive to fluctuations in the “constant” parameters (the angular speed of the rotary
table, the distance from the pin to the rotation axis, and the distance from the focal spot to
the rotation axis). The limited accuracy of the calibration and reconstruction procedures
was also due to the fact that these techniques were still being developed and were not
fully optimized. Thus, the scanner reconstruction MTF results emphasized the importance
of an accurate and reliable calibration and reconstruction in the VRX CT scanner.
Additionally, these results supported the previous finding regarding the need for a very
small focal spot, in order to achieve high post-reconstruction spatial resolution.

Despite the discussed limitations, the obtained results for both the detector
presampling MTF and the scanner reconstruction MTF clearly showed the increase in
spatial resolution of the VRX CT scanner with the decreasing FOV. Hence, the current
study confirmed the potential value of the VRX detection technique for high-resolution

CT imaging.

6.5. Preferred x-ray tube parameters
Because the x-ray tube used in the current study limited the measurement of both
the pre-reconstruction and the post-reconstruction spatial resolution in the experimental

VRX CT scanner, it is of practical interest to find the x-ray tube parameters that would
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permit such measurement up to the highest spatial frequencies. A main set of parameters
includes the focal-spot width and length, the target angle of the anode, the anode heat-
storage capacity and cooling rate, the housing heat-storage capacity and cooling rate, the
tube output (photon fluence or x-ray exposure per tube current and time), and the
maximum tube current allowable at a given tube voltage over a specified period of time.”
Among these parameters, only the width and length of the focal spot can be easily
determined, based on the spatial-resolution requirements. The accurate values of the other
parameters, which mostly depend on the thermal limitations of the tube, can only be
found via complex computations and sophisticated modeling.®” However, it is possible to
obtain a simple performance estimate for a desired x-ray tube by assuming that its design
is very similar to the tube that was employed in the study.

The case of the pre-reconstruction spatial resolution will be considered first. If
one uses the earlier criterion (Section 6.2), according to which the detector presampling
MTF curves were terminated at the spatial frequency not exceeding 75% of the focal-spot
cutoff frequency (to avoid degradation of the MTF curves by the focal spot), the

following relationship can be established between the cutoff frequency f,.; of the
detector presampling MTF and the cutoff frequency f; of the focal-spot MTF as
projected to the detector plane:

frs 21.33 frpr (6.1)

Assuming that the focal-spot cutoff frequency is reciprocal to the focal-spot width and
expressing the projected focal spot (in the detector plane) via the actual focal spot (in the

focal-spot plane) and the system magnification m, one gets
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where wy is the actual focal-spot width. For the maximum modeled cutoff frequency of

the detector presampling MTF (53.64 cy/mm for cell #1 at 1-cm FOV) and the
corresponding system magnification (1.350), the right side of Eq. 6.2 is equal to 40 um.
Thus, the largest width of the actual focal spot that would allow the detector presampling
MTF measurement up to the maximum modeled cutoff frequency is 40 um for the
described measurement geometry. Choosing this value as the preferred focal-spot width
and assuming that the focal spot is twice this size in the other direction, one obtains the
actual focal-spot dimensions of 40 by 80 um for the desired x-ray tube.

Although, as mentioned before, the calculation of the thermal properties of an x-
ray tube is rather complex, new-tube performance can be readily estimated by scaling
from the design of the x-ray tube with known performance, i.e., the tube used in the
current study. The basis for such scaling is given by the expression that relates the power

P of a rotating-anode tube and the temperature rise A7} in the area of the focal spot for
very short exposure times: *’

P =k L\w.sDnAT, (6.3)
where k, is a constant, L is the width of the focal track, D is the mean diameter of the

focal track, and 7 is the rotational speed (revolutions/s) of the anode. For short exposures

that start from the same thermal conditions on the track, A7, can be considered

constant.”” Then, utilizing the relationship between the focal-track width L and the focal-

spot length /.., Eq. 6.3 can be rewritten as
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where k, is another constant, and £ is the target angle of the anode.
Using Eq. 6.4, one can find the power P of the desired x-ray tube in terms of the

power P, of the employed tube. Assuming that the only difference between the two tubes

is the focal-spot size, it can be shown that

P= h& }hpoa (6.5)
hiso \ Weso

where h, and w, are the focal-spot length and width, respectively, of the employed

tube. The x-ray tube utilized in the current study had the 0.6-mm nominal focal spot.
Hence, the actual focal-spot width and length were in the range of 0.6-0.9 mm and 0.9-
1.3 mm, respectively.” The measured focal-spot length was 1.23 mm (Section 5.5.2.3).
By selecting the values of 0.8 and 1.2 mm for the focal-spot width and length,
respectively, of the employed tube and using the previously-determined values of 40 and
80 pum for the same parameters of the desired tube, one obtains

P=0.0149 P, , (6.6)

which means that, based on the permissible temperature rise in the focal-spot area, the
desired tube would have 67 times less power than the tube utilized in the study. Because
the computed power is lower, the other temperature rises (for the focal track, anode,
bearing assembly, etc.) should not impose any further limitations and can be ignored. As
a result of the reduced power, one would have to increase the sampling time by the factor
of 67 when using the desired tube, in order to get the same SNR; the new sampling time

would be approximately 170 ms.
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In the case of the post-reconstruction spatial resolution, the system magnification
is slightly larger (1.415 for cell #1), and if the maximum cutoff frequency of the modeled
detector presampling MTF is used again as a criterion, the actual focal-spot width given
by Eq. 6.2 would be even smaller, about 34 pm. However, the scanner reconstruction
MTF is often limited by the Nyquist frequency and not by the cutoff frequency of the
detector presampling MTF. The maximum Nyquist frequency for the described geometry
was 22.09 cy/mm (for cell #1 at 1-cm FOV). For this frequency, Eq. 6.2 gives the largest
width of the actual focal spot equal to 82 um. Clearly, the previously-discussed x-ray
tube, which would allow accurate measurement of the detector presampling MTF, would
be more than adequate for high-quality measurement of the scanner reconstruction MTF.

In general, if one wishes to consider the preferred x-ray tube parameters for
operating a practical VRX CT scanner, a much more sophisticated analysis would be
required, as was stated at the beginning of this section. As a minimum, an x-ray tube with
multiple focal spots would be needed. It could also be necessary to employ even two
separate x-ray tubes — a high-power, short-exposure, rotating-anode tube and a low-

power, long-exposure, stationary-anode tube.
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