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INTRODUCTION

Current 3-D X-ray CT imaging technology is limited in some cases by the size
and sensitivity of the X-ray detector. This limitation can be overcome to some degree
by the use of region-of-interest (ROI) reconstruction software when only part of a larger
object need be examined. However, images produced from ROI data often exhibit
severe density shading if they are reconstructed by unaltered 3-D X-ray CT algorithms
(called Global methods here). These density artifacts can be so severe that low-contrast
features are hidden. Time-consuming methods introduced previously to remedy these

artifacts require specialized processing to replace or approximate the missing data
outside the desired volume. Although these methods are required for true densitometry
measurements, in many NDT applications only the detection of internal features or
relative density variations is required. In such cases, the use of Local (or Lamda) X-ray
CT, which produces an "edge-enhanced" reconstruction and requires only minor
modifications of the standard 3-D X-ray CT algorithm, is recommended.

The deriva_on of Lamda CT is explained in references [1], [2], [3], and [4].

Since the primary difference between Global and Local CT concerns the design of the
convolution filter, two versions of a Local CT filter are discussed here. These two
filters are used in a Local CT implementation to reconstruct 3D X-ray CT data. For

comparison, Global CT using the Shepp-Logan [5] variation of the fan-beam
convolution filter is used to reconstruct the same data. This comparison shows the
relative merits of Local and Global CT for fairly noisy scans of large, green Si3N4

pressure-slip-cast pans. The Feldkamp [6] modification of fan-beam CT reconstruction
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is used in the reconstructions. In each case, real-number, reconstructed images are
scaled linearly to optimize the available grey-scale levels in the images presented here.

LOCAL CT FILTERS

The Local convolution filters used here are taken from reference [3] and are
given in Equations (1) and (2). The parameter m is arbitrary, but physically reasonable
filters result if m is in the range (6,15). 1,11 _ 1.

Lm(Tl) = gl= (l-Tl2)m-1 (l-(2m+l)T}2) (I)
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While most Global filters are finite in the frequency domain, the Local filters
discussed here are finite in the spatial domain and have the spatial extent of the Local
point-spread function (PSF) Ae=, where e, is given by Equation (3) and the operator A
is defined in Equations (4) and (5).

1

e,.(,l) = (2m.3) (x-lnl) ; Inl 1 ¢3).2n
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Although local filters are continuous,they must be sampled for digital
implementation at a rate consistent with the physical sampling of the CT scanner. This
is not straightforward. Nyquist sampling theory requires at least two samples per PSF
and the actual PSF width varies radially within an image made by a fan-beam CT
scanner. In analogy with Global CT, one can force a sample to land on the filter
minimum and choose the sample spacing to be an integral divisor of the interval
between the maximum and the minimum. In the continuous form, the integral over the
Local CT filter is zero for ali values of m, but this is not necessarily true of sampled

filters. However, it is possible to choose m such that the sum of the sampled terms is
zero. For the filter having five samples per PSF (Filter 1), the value m=11.4174 yields
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a zero sum. For the filter having nine samples per PSF (Filter 2), m=l 1.703.

Local Filter I produces high resolution reconstructions of both full and ROI data
sets, but it amplifies image noise, lt should be used on low-noise data when high
spatial resolution is needed. Local Filter 2 smooths image noise, but reduces resolution.
lt should be used on noisy data for which good contrast resolution is desired.

lt should be noted that Local CT filters themselves cause some slight cupping
even on reconstructions made from full data sets of uniform objects. This cupping is
easily removed by adding a scaled, simple backprojection of the data to the Local
reconstruction.

ROI CT OF Si4N3 OBJECTS

When used on ROI data sets, Global reconstructions exhibit a cupping

that depends upon th_ object scanned. This cupping, which is independent of any
inherent cupping due to other effects, such as x-ray polychromaticity or scatter, can be
avoided by using Local reconstruction. Local CT has been applie_, to ROI scans of
several ceramic Sign 3 objects taken on our 3D-CT, x-ray scanner. The x-ray source is
a microfocus tube with a 7 I_m focal spot and an energy range of 40 - 160 Kvi'. The
detector is an image intensifier coupled to a video camera.

The first object to be reconstructed is a circular region of the cylindrical, high-
.contrast, spatial resolution phantom illustrated in Figure 1. The Global reconstruction,
shown in Figure 2, exhibits severe cupping. Note that the 25.4 I_m hole at the far fight
is barely visible. (However, the bottom 50.8 _m hole is really absent from this level
of the phantom.) The Local reconstruction using Filter #1, shown in Figure 3, is quite
flat. Note that the noise enhancement is not a hinderance for this high contrast object.
The Local reconstruction using Filter #2, shown in Figure 4, is also quite flat and ali of
the holes are distinct.

The second object to be reconstructed is a circular region of the turbine rotor
illustrated in Figure 5. The Global reconstruction, shown in Figure 6, exhibits rather
severe cupping. Because the quantum noise on the data is quite high for this rather
complex object, the Local reconstruction using Filter #1, shown in Figure 7, shows
rather poor contrast. However, the Local reconstruction using Filter #2, shown in
Figure 8, is flat and the edges of the rotor are crisp. (Note that the dark interior streak
parallel to the turbine blade is actually a polychromaticity artifact, which could be
removed by additional processing.)

Obviously, the second Local CT filter is preferred to the first for noisy data.
However, the first filter preserves high spatial resolution better than the second and
when circumstances require high resolution, it may be preferable to reduce the image
noise by increasing the x-ray flux or scan time so that this sharper filter can be used.
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Figure 1. Illustration of the region of interest of a cylindrical Si4N3phantom with
drilled holes of various sizes.

Figure 2. C_obal reconstructionof the region of interestof the cylindrical Si4N _

phantom.
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Figure 3. Local reconstruction of the region of interest of' the cylindrical $i4N 3 phantom
using filter #1.
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Figure 4. Local reconstruction of the region of interest of the cylindrical Si4N3 phantom
using filter 42.



I"-1 SIMPUFIED
9,.0 [ _ t

__ CROSSSECTION

OF

Si3N 4
TURBINE ROTOR

Figure 5 Illustration of the region of interest of a Si4N3 turbine rotor.
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Figure 7. Local reconstruction of the region of ,nterest of the turbine rotor using filter
#1.
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Figure 8. Local reconstruction of the region of interest of the turbine rotor using filter
#2.



CONCLUSION

Global and Local CT reconstruction algorithms have been applied to region-of-
interest (ROI) scans. It has been demonstrated that Local CT can be used to advantage
if the ringing at the edges of dense objects and the loss of absolute contrast can be
tolerated. Local CT is clearly superior for ROI scans in which detectability of low
contrast objects is desired and absolute density .neasurements are not required.
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