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Démonstration industrielle de la tomographie informatisée:

représentation tridimensionnelle d'un carburateur de motocyclette

par

L.R. Lupton

Résumé

La tomographie informatisée est une technique d'essais non destructifs
permettant d'obtenir des cartes montrant la densité quantitative (coeff i-
cient d'atténuation linéique) de la coupe d'un objet. En ut i l isant une
série d'images tomographiques parallèles prises à différentes hauteurs, on
peut obtenir une représentation tridimensionnelle de l 'objet.

Pour démontrer la puissance de la tomographie on a représenté une partie
tridimensionnelle de carburateur de motocyclette en uti l isant 24 images
bidimensionnelles parallèles. A partir de ces données on a pu engendrer de
nouvelles images dans des plans perpendiculaires aux plans originaux, ce
qui a permis à l 'ut i l isateur de visualiser parfaitement la position des
conposants du carburateur.

On a également ut i l isé ces données pour démontrer les relations existant
entre la tomographie et la radiographie.
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ABSTRACT

Computerized tomography (CT) is a non-destructive testing technique for
generating quantitative density (linear attenuation coefficient; maps
of a cross section through an object. By using a series of parallel
tomographic images taken at different elevations, a three-dimensional
(3-D) map of the object can be obtained.

To demonstrate the power of tomography, a 3-D region of a motorcycle
carburetor has been imaged using twenty-four parallel two-dimensional
images. From these data, new images in planes orthogonal to the
original planes have been generated, thereby improving the user's
ability to visualize the position of components within the carburetor.

Tha data have also been used to demonstrate the relationship between
tomography and radiography.
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1. INTRODUCTION

Computerized tomography (CT) is a non-destructive testing (NDT) technique for
generating quantitative linear attenuation coefficient maps on a cross
section through an object. Since in most situations the linear attenuation
coefficient in a given region of an object is proportional to density, the
tomograph is, in effect, a mapping of the density distribution in the cross
section. Tomography is closely related to radiography, but whereas radiog-
raphy provides a two-dimensional (2-D) image of a three-dimensional (3-D)
object and hence a distorted image, totaography provides a distortion-free
two-dimensional image of a 2-D cross section through the object. A
distortion-free 3-D map of the object, be it a solid or a liquid, can be
constructed from a series of 2-D tomographs.

Tomography has applications in research and development including product
development, quality control, and service and maintenance. In all cases,
tomography will be used for:

- distinguishing features within complex geometries that other
NDT techniques are unable to resolve,

- distinguishing small density changes within objects, and

- providing quantitative rfata that can be used for analyses.

Previous AECL reports [l,2] have illustrated the capability of tomography to
distinguish small density changes and to generate quantitative dimensional
information. The present study has been carried or; to illustrate the poten-
tial of tomography to inspect a 3-D region of an object. To this end, a
section of a motorcycle carburetor was imaged using a series of 2-D trans-
verse slices. From these data, images in orthogonal planes have been gen-
erated to illustrate the 3-D mapping capabilities of tomography. These data
have also been used to elucidate the relationship between tomography and
radiography.

For completeness, the principles of tomography are briefly reviewed in
Section 2 while the general purpose laboratory scanner used to perform the
study is described in Section 3.

2. PRINCIPLES OF TOHOGRAPHIC IMAGIUG

As indicated in Figure l(a), the attenuation of a monoenergetic collimated
beam of gamma rays as it passes through a uniform slab of material is given
by [3]

(1)

where

Io is the initial intensity of the gamma ray beam,
I is the intensity after passing through the material,
|x is the linear attenuation coefficient of the material

L is the pa'th length in the material (cm)»
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Equation (1) can be solved for the product |JL:

*n(I0/I) = ML (2)

If the ray passes through a non-homogeneous material the path can be
considered to consist of a number of elements of width w with attenuation
coefficients u^, (*2» •••lin» a s indicated in Figure l(b).

Equation (2) then becomes

*n(Io/I) = î w + M.2w +.... (j.nW <3)

That is, the logarithm of the measured transmission along a particular ray
represents the sum of the attenuation coefficients of all the elements that
the ray traverses. In tomography, the quantity £n(I0/I) is normally
called a ray sum.

A single ray sum cannot, by itself, give any indication of the distribution
of attenuation coefficients in the material. For example, the homogeneous
sample illustrated In Figure l(c) has precisely the same ray sum as the non-
homogeneous sample shown below it. While it is not possible to use a single
ray sum to learn the distribution of attenuation coefficients in an object,
it is intuitively obvious that ray sums obtained from other directions will
provide useful information about that distribution. Multiple radiographs of
a single object obtained from many viewing angles around the object are some-
times obtained for that very reason: i.e., to allow the radiographer to vis-
ualize the relative location of different materials inside the object. In
tomography then, one obtains sets of ray sums at many different angles about
the object being tested. A mathematical algorithm is then used to
reconstruct the unique distribution of attenuation coefficients within the
object that gave rise to the experimentally measured ray sums.

In its simplest form, a tomographic scanner is designed to obtain sets of
parallel ray sums in a single plane from many directions around the object.
A translate-rotate tomographic scanner is schematically illustrated in Figure
2. It consists of a collimated source of radiation, either an isotopic
source, or as shown here, an x-ray tube, and a collimated detector. Each
parallel line in Figure 2(a) represents one ray sum. One set of parallel ray
sums, obtained by translating the source and detector relative to the object
(or vice versa), is called a projection. Projections from many directions
around the object are obtained by rotating the source and detector relative
to the object (or vice versa) and repeating the translation procedure at each
new orientation. Figure 2(b) illustrates a typical tomographic scan pattern
consisting of translations at 1 degree increments over 180 degrees. For
clarity only the 1st, 60th and 120th translations are shown. More
sophisticated scanners employ arrays of detectors to speed up data acquisi
tion and make better use of the available photon flux.

Because of the large amounts of data involved, all practical tomographic
scanners are computer controlled. Hence, the acronyms CT for computer
tomography or CAT for computer assisted tomography, are generally used to
describe the technology. A computer is also required to reconstruct the
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Figure 1: Attenuation of gamma-rays of intensity Io incident on
(a) a homogeneous slab,
(b) a non-homogeneous slab, and
(c) homogeneous and non-homogeneous slabs having identical ray

sums.
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Figure 2: A schematic illustration of a translate-rotate CT scanner.
(a) The source and detector are first translated relative to

the object. Each parallel line represents one ray sum.
(b) Multiple projections are obtained by rotating the source

and detector around the object.
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tomographic image from the measured ray sums. The reconstruction technique
most often used, and that used in this study, is termed filtered back
projection. The details of this technique are described in reference 3.

Tomographic images are, by their nature, digital images. They are
constructed on a grid of picture elements or pixels typically 64 x 64 to
1024 x 1024 in dimension. The width of each pixel is normally chosen equal
to the ray spacing. Each pixel is assigned a value which is proportional to
the attenuation coefficient, \i, at the corresponding location in the object.

3. TOMOGRAPHIC SCANNING APPARATUS

A translate-rotate tomographic scanner was used in -this study. It comprises
a control and data acquisition computer, scintillation detector with
associated electronics, a radioactive source, source and detector collimators
and shielding, and a computer-controlled motorized assembly for translating
and rotating the test object (see Figure 3).

The computer system consists of a DEC LSI-11/23 minicomputer with 256 k bytes
of on-board memory, a 20.8 M byte (Winchester) disk and a \ M byte floppy
disk.

In the present study an Nal scintillator, hermetically sealed to a photo-
multiplier tube, was used as the detector. The detector preamp and single
channel analyzer have been customized to enable the measurement of pulse
rates of up to 50 kHz without software correction for pile up. With software
correction this limit can be extended by more than an order of magnitude.
Detector output pulses are counted in a standard counter/timer and interfaced
to the DEC Q-bus through a Canberra 1788 and a DEC DLV11-J serial interface.

The test object is placed on a turntable mounted on a translatable carriage.
The turntable and carriage are driven by individual stepper motors and their
absolute positions are continuously monitored by shaft angle encoders. The
stepper motors and encoders are interfaced to the bus through ADAC 1600
series interface cards.

The photon source may be Cs-137, Ir-192 or Co-60, depending on the
requirements. A Cs-137 source was used in the present study.

The source and detector colliraators are identical tungsten-alloy cylinders,
165 mm in length, mounted in V blocks. The apertures are continuously
variable in width from 0 to 6.4 mm and are available in three discrete
heights; 1.59 mm, 3.175 mm and 6.35 mm.

Tomographic reconstruction is executed on the LSI-11/23 with the assistance
of a Computer Design and Applications (CDA) MSP-3 array processor. Typical
reconstruction time is about 120 seconds for a 128 x 128 reconstruction
grid.



DEC
LSI 11/23

CPU

T

ROM/FLOPPY/
WINCHESTER
MEMORY

PRINTER/CRT

r CDA MSP-3
ARRAY
PROCESSOR

CDA MDP-3B
GRAPHICS
PROCESSOR

GRAPHICS
DISPLAY

Q-BUS

AOAC 1604
PULSE OUTPUT CONTROLLER

ADAC 1664
TTL I/O INTERFACE

STEPPER
MOTOR (SM)
DRIVERS

TRANSLATION
SAE

SHAFT ANGLE
ENCODER (SAE)
DECODERS

SOURCE

SOURCE
FLASK

PREAMP

SOURCE
COLLIMATOR

PHOTON
BEAM

Nal DETECTOR
DETECTOR
COLLIMATOR

. CARRIAGE
LEAD
SCREW TURNTABLE

DLV11-J
SERIAL
INTERFACE

CANBERRA
1788
INTERFACE

I

Figure 3: A block diagram of the CRNL tomographic scanner apparatus.
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After reconstruction, the images are displayed on a colour graphics screen
using a CUA MDP-3B graphics processor. Images can be photographed off the
screen for further study and can be archived in digital form on disk or
magnetic tape.

4. COMPUTED TOMOGRAPH (CT) DEMONSTRATION

4.1 Description of the Carburetor

Several photographs of the carburetor used in this study are shown in Figure
4. A number of features including the choke lever, mounting flange, gas
inlet port and the air inlet port have been labelled since these provide
useful landmarks when vi.wing the tomographic images.

4.2 CT Scanning Procedure

To demonstrate the three-dimensional mapping capabilities of tomography,
twenty-four parallel transverse-tomographic images were collected. Each
image was oriented perpendicular to the vertical axis of the carburetor and
separated by 0.86 mm (see Figure 5). The axial movement between slices was
achieved by mounting the carburetor on a precision vertical drive located on
the turntable. For ease of reference in the discussion that follows, the
slices have been labelled 1 through 24 starting at the topmost slice.

The details of the scanner set-up are summarized in Table 1. For a
translate-rotate scanner such as the one used in this study, the following
rules-of-thumb were applied:

1. the total number of projections, m, should be greater than or equal
to nir/4, where n is the number of ray sums per projection,

2. when formed with identical source and detector collimator apertures,
the effective ray width (i.e. the full-width at half-maximum) of the
beam midway between source and detector is approximately half the width
of the collimator aperture, and

3. the ray sum sample spacing should be less than or equal to half the
effective ray width (Nyquist criterion).

The spatial resolution was adjusted to be nearly equal in all directions by
having the in-slice and axial collimator openings approximately equal and by
having the in-slice ray spacing and the axial spacing between images the
same.

4.3 Transverse Images

The tomographic images for the twenty-four parallel slices are shown in
Figure 6. Each image represents the map of linear attenuation coefficients
at a specific elevation within the carburetor. The images are oriented as if
one were looking down on the carburetor as shown in Figure 4 (top view) with
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Figure 4: Photographs of the carburetor tomographically imaged in this study. The carburetor is
shown upside down (float bowl on top) as this was the orientation used for scanning.
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Figure 6: Twenty-four tomographic images of the carburetor. Each image is labelled
with the number of the scan plane (see Figure 5) .
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the choke lever in the upper left hand portion of each image and the gas
inlet port in the upper right portion of each image.

Table 1: Details of Scanner Set-Up

Source

Source type Cs-137
Source strength 7.4 x 1010Bq (2 curies)

Detector

Detector type Nal (TA)

Detector size 5 cm x 5 cm

Geometry

Collimator aperture opening (w x h x 1) 3.404 mm x 3.175 mm x 16.5 mm

Source-to-detector spacing 812.8 mm

Centre-of-rotation to source 444.5 mm

Scanning Pattern

Total number of images 24

Vertical spacing between images 0.86 mm
Projections per image 180
Angular spacing between projections 1.0°
Rays per projection 128
Spacing between rays (At) 0.86 mm
Count time per ray 0.4 s

The images shown in Figure 6 are photographs taken from a CRT display. The
CRT display in this case consists of a 128 x 128 array of square picture
elements or pixels too small for the human eye to discern. Each pixel
represents a volume (voxel), 0.86 mm on a side, and 0.86 mm high, in the
object itself. Each pixel is assigned an integer number that is related to
the linear attenuation coefficient in the corresponding voxel. Rather than
attempt to display these integer numbers themselves, each number is assigned
a unique shade of grey. In this particular assignment the largest integers
(i.e., largest linear attenuation coefficients) are assigned the darkest
shades of grey and the smallest integers are assigned the lightest. The
operator is free to use any assignment of grey scale, or colour, he chooses.
Certain choices may tend to enhance some features and suppress others.
However, the data, i.e., the actual reconstructed attenuation coefficients,
remain unaltered.
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From the images, one can follow a specific feature as the elevation changes.
For example, beginning at slice 24, one can follow the gas inlet port from
its position as an isolated solid annulus (slice 23 and 24) until it contacts
the side of the carburetor (slice 16) and finally until it appears as an
internal cavity within the walls of the carburetor (slice 1).

4.4 Reordering of CT Images

The data from the twenty-four transverse slices provide true 3-D information
in the region that they span. Thus in pria^iple new images can be formed
along any plane(s) passing through this region.

To aid the discussion that follows, lat us define a cartesian coordinate
system such that the x-y plane is parallel to the original image planes (see
Figures 4 and 5) while the z axis is along the vertical axis of the
carburetor. In this way, each pixel represents the linear attenuation
coefficient at a particular (x,y,z). Each image shown in Figure 6 groups
together a set of pixels with equal z coordinates.

As noted above, new images can, in principle, be formed along arbitrarily
orientated planes. In practice, this would involve a great deal of
computation to interpolate the measured pixel values onto the new planes.
The amount of computation can be reduced by selecting planes that are
orthogonal to the original set of images.

To illustrate this concept, consider the example (see Figure 7) of a
rectangular object that has its major axis parallel to the x-z plane, and let
us assume that it has been scanned with image planes parallel to the x-y
plane. Three representative image planes are shown in Figure 7 and the
resulting images are illustrated in Figure 8. It is now desired to generate
an image along a plane parallel to the x-z plane passing through the object
(i.e., a vertical plane). This plane is indicated by the dashed lines in
Figure 7. Since the new plane passes through a specific row, row i, in each
of the original image planes, the new image can be generated by extracting
the itn row of data from each of the transverse images and placing it
in a new image matrix where the spacing between rows in the new matrix
corresponds to the axial spacing between the scan planes. Hence, the
i t h row from image A (row (a,i)), image B (row (b,i)) and image C (row
(c,i)) plus data from other transverse images would be used to generate the
image shown in Figure 9. Data for the pixel locations between actual scan
planes can be generated by linear interpolation.

The carburetor data have been analyzed in a similar manner to generate new
images along planes parallel to the y-z (see Figure 10) and the x-z planes
(see Figure 11). In these reordered images, the pixels still represent a
0.86 mm by 0.86 mm by 0.86 mm high volume of the carburetor. Linear
interpolation has not been required as the axial spacing between slices was
equal to the in-slice ray spacing.

The images along the vertical planes shown in Figure 10 clearly illustrate
the axial extent of the mounting flange and the choke lever (Figure 10B),
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SCAN PLANE C

SCAN PLANE B

SCAN PLANE A REORDERED IMAGE
PLANE

Figure 7: Diagram illustrating the concept of 3-D tomography. Scan planes
(three are shown - A, D and C) are used to generate 2-D tomog-
raphic images of the object at different elevations. These
images are subsequently used to create a new reordered image
along the vertical plane.
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Figure 8: Tomographic images along the three scan planes shown in Figure 7,
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Figure 9: Reordered image along the vertical plane shown in Figure 7
achieved by extracting data from each of the transverse images.
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GAS INLET PORT

D
Figure 10: By stacking the twenty-four images shown in Figure 6 together,

new tomographic images along planes parallel to the y-z plane can
be generated. Three such images are shown for vertical planes
through the mounting flange and choke lever (B), the vent tubes
(C), and the gas inlet port (D). Transverse image 19 is also
shown for reference (A). The horizontal dotted white bars to the
side of images B, C and D indicate the location of the reference
slice shown in A, while the vertical bars above and below image A
(labelled B, C, D) mark the location of the vertical images shown
in B,C, and D.
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AIR INLET PORT
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AIR INLET PORT VENT TUBE

Figure II: In a similar manner as for Figure 10, new tomographic Images
along planes parallel to the x-z plane can be generated. The
choke lever Is highlighted In B while the air Inlet port Is shown
in C arid a vent tube in 0. The location of the transverse linage
shown in A (number 6) Is indicated beside images B, C and D by
the dotted white bars, while in A the solid bars labelled B, C
and D indicate the location of Images B, C and U.
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the vent tubes (Figure IOC) and the gas inlet port (Figure 10D). In a
similar manner, Figure 11 shows the choke lever (Figure 11B), the air inlet
port (Figure 11C) and a vent tube (Figure 11D).

The accuracy of this technique has been verified by actually scanning the
carburetor along a plane equivalent to that shown in Figure IOC. As seen in
Figure 12, the reconstructed image (A) is equivalent to the reordered image
(B) at the common elevation.

As stated in the Introduction, tomography can be used to provide quantitative
dimensional and density related information. These data can be used for
detecting and locating defects within objects as might be required for
quality control. The carburetor used for this study did not exhibit any
defects within its components. However, the dimensional accuracy was
verified by using several features on the carburetor (see Table 2). The
reconstructed dimensions were measured by counting pixels from an appropriate
image and converting to millimetres (mm) using a factor of 0.86 mm/pixel.
Where an edge extended over more than one pixel, the mid-point was used in
the calculation. The agreement between reconstructed and measured dimensions
is to within +0.9 mm (approximately the side dimension of a pixel). This
accuracy could be reduced to +0.2 mm by improving the resolution by a factor
of four. In general, the dimensional accuracy will be limited by the size of
the pixels.

Table 2: Comparison of the Reconstructed and the Actual Dimensions
for Components on the Carburetor

Carburetor Reconstructed Actual Difference1

Component Dimension (mm) Dimension (mm) (mm)

Choke Lever (diameter) 5.6 +_ 0.9 6.00 + 0.08 0.4

Mounting Flange Bolt Holes 6.6 + 0.9 6.58 + 0.08 -0.2
(internal diameter)

Mounting Flange Bore Hole 27.4 + 0.9 26.92 +_ 0.08 -0.48
(diameter)

Throat (internal diameter) 32.1 +_ 0.9 32.92 + 0.08 0.82

Throat (outside diameter) 36.9 + 0.9 36.07 + 0.08 -0.83

Note: ^Difference = Actual-Reconstructed

The linear attenuation coefficients for the carburetor have been measured and
these values have been used, in some cases, to infer the materials used in
its construction. For example, the main body is most likely made from-a zinc
alloy (Zamak-3) while the choke lever is probably made from carbon steel (see
Table 3). The absolute value for the brass in the gas inlet port could not
be accurately determined from the images as the thickness of the port was
about the same size as the spatial resolution. To obtain an accurate
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Figure 12: Comparison between an actual tomographic image (A) taken through
the carburetor along a plane parallel to the y-z plane and one
(B) generated by the method outlined in Section 4.4 at the same
location.
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measurement of the linear attenuation coefficient, the part must extend over
at least four pixels (i.e., twice the spatial resolution).

Table 3: Materials Report for the Carburetor

Carburetor
Component

Air

Choke Lever

Body

Note: 1 with

Reconstructed
KcnT1)

0.002 + 0.005

0.609 + 0.004

0.483 + 0.008

same colour characteristics

Closest Known
(KcnT1)

0.0

0.63 + 0.03

0.487 + 0.03

and magnetic

Closest Known
Materials-

Air

Carbon Steel

Zamak-3
(96% Zn, ~ « Al)

properties

5. COMPARISON BETWEEN RADIOGRAPHY AND CT

As explained in the Introduction, radiography provides a two-dimensional
image of a 3-D object whereas tomography provides a 2-D image of a two-
dimensional cross section through the object. This point is illustrated
schematically in Figure 13. In this example, the objects within the large
cylinder would be superimposed on one another in a conventional radiograph
whereas the CT image would provide an undistorted image of the objects with
the correct spatial orientation. Note that in this case, the tomographic
image is along a plane perpendicular to the radiograph. In principle, a
tomographic image through a cross section parallel to the radiograph could
also be obtained. In fact, a radiograph is equivalent to a superposition of
a set of tomographic images taken in planes parallel to the radiograph. In
the limit that the source-detector distance is large, the radiographic data
along line A-A' in Figure 13 is equivalent to one projection (set of ray
sums) through the object as defined in Section 2. (Recall that in tomog-
raphy, projections from many directions around the object are obtained by
rotating and translating the source and detector relative to the object (or
vice versa)). If the projections were parallel to one of the sides of the CT
image matrix, then each ray sum value in the projection would be equal to the
sum of the linear attenuation coefficients (times the pixel size) along a row
of the image matrix. This is exactly what is described by Equation 3, namely
that a projection represents the sum of all the data in the tomographic
image. Furthermore, the complete radiograph could be generated by taking a
series of tomographic images at different elevations through the object and
summing each one to yield data along lines parallel to A-A1.

Alternatively, if one has 3-dimensional tomographic data it can be used to
generate tomographic images on planes parallel to the radiograph of interest.
Then, by summing the tomographic data together, i.e., by superposing the
images onto one another, one can generate the radiograph. Looking at this
step from another viewpoint, one can say that the radiograph can be decom-
posed into a series of tomographic images on planes through the object.
Thus, a 2-D radiograph is equivalent to the superposition of a series of 2-D
tomographic images, and in general, these images need not be parallel to the
radiograph.
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Radiograph

Slice
(Plane P)

CT Slice View
(Plane P)

Figure 13: Diagram illustrating the concept of tomography and radiography
(modified from Aviation Week and Space Technology, 118 (18),
1983).
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To illustrate the above discussion, two film radiographs of the carburetor
were taken parallel to the y-z and x-z planes (see Figure 14). Details on
the radiographic settings used are summarized in Table 4. Equivalent digital
radiographs obtained by stacking the projection data for these two views are
shown in Figure 15. Because the tomographic data were obtained only over a
limited axial extent of the carburetor, the digital radiograph covers only
this region. However, for this region, the agreement between the two
techniques is good. A number of slight discrepancies are, however, apparent.
These can be attributed to:

1. differences between the response of the film used for the
radiograph and the television monitor, and

2. a reduction in the gamma-ray scatter present in the digital
data which results from the good collimation used in obtaining the
tomographic data.

Table 4: Summary of the Radiographic Settings Dsed to Generate
the Images Shown in Figure 14

Parameter

X-ray tube voltage (kV)

X-ray tube current (mA)

Exposure time (minutes)

Film type

Value
A

150

15

4.5

M

for Figure

READY PACK

13
B

175

15

4.5

In fact, these discrepancies highlight an advantage of digital radiography;
namely, that one has a larger dynamic range for recording the information
signal when using a detector-base? system than when using film. Thus, film
saturation no longer needs to be considered.

The digital radiographs can also be generated by the second method described
above. From the 24 transverse images, one can generate 84 images parallel to
the y-z plane (like Figure 10) and 92 images parallel to the x-z plane (like
Figure 11). With these three sets of images, one has a complete description
of the carburetor (in the section of interest) along orthogonal planes. Each
set of images can be added together to yield equivalent radiographs.(see
Figure 16), that are identical to those generated using the projection data
alone. In this particular case, the radiograph achieved by adding the 24
transverse images is equivalent to generating a radiograph of the middle
section of the carburetor with the top and bottom sections removed. It would
not, of course, be possible to do this without physically sectioning the
carburetor. Note that these images have been displayed with the same colour
table as those for the tomographic images. This table is reversed from the
one used for the digital radiographs (Figure 15).
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Figure 14: Radiographs of the carburetor taken parallel to the y-z plane (A)
and the x-z plane (B;. Photographs of the carburetor are also
shown for comparison.
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Figure 15: Comparison between Che film and the digital radiographs
tor the carburetor.
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Figure 16: Three digital radiographs of the carburetor achieved by adding
the transverse images (A), and the reordered images (B and C).
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In summary,

1. a digital radiograph is equivalent to the superposition of a series
of tomographic images that are parallel to the plane of the
radiograph, and

2. digital radiographs are essentially equivalent to film radiographs
in the absence of saturation effects.

6. CONCLUSION

The three-dimensional mapping capabilites of tomography have been
demonstrated using twenty-four parallel tomographic images of a motorcycle
carburetor. By reordering the data to generate new images along planes
orthogonal to the original set, internal and external features within the
carburetor have been delineated. Moreover, these new images have been used
to demonstrate that tomography can be used to accurately reconstruct linear
attenuation coefficients and provide quantitative dimensional information.

It has been shown that a radiograph is equivalent to the superposition of a
series of tomographic images that are parallel to the plane of the
radiograph.
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