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ABSTRACT

Input o-f solid objects to a CAD/CAM system has been accompl ished

using serial sections and 3-D surface reconstructions obtained

with an unmodified medical CT scanner.

This report is NOT appropriate -for a poster session.



Modern high resolution CT scanners can produce geometrically
accurate sectional images o-f solid objects. Computer so-ftware
has been developed to convert serial CT scans into a data base
suitable -for analysis using a Computer Aided Design / Computer
Aided Manu-f ac turi ng <CAD/CAM) system.

Input o-f the speci-fic geometry o-f solid objects to a CAD/CAM
system using a CT scanner has been accomplished using an
unmodified medical scanner (Siemens Somatom DR 3).
Representation o-f the scanned object in a 3-dimensi onal surface
•form has been performed using specially developed software
operating on the scanner itself.

The scan data was transported to a CAD/CAM system (McDonnel 1
Douglas Unigraphics) and the serial gray scale images converted
to contour form using software developed for that purpose. Each
scan slice in the original data set was converted to a
corresponding set of planar surface contours. The contour data
(Unigraphics wireframe data base) obtained from the set of serial
sections may be analyzed using the standard unmodified CAD/CAM
system software.

A common pushbutton type desk telephone was scanned using 125 kv
x-rays with 777 mAs during 7 second exposures with 720
projections. Serial sections were obtained using 4 mm
col 1imation (slice thickness) at 512 x 512 resolution. A total
of <50 sections were obtained with 4 mm increments in table
position between sections (non-over 1apping) . The pixel edge
length was 1.0 mm.

The original slices were processed using software developed for
surface reconstruction from CT scans (1,2,3). These programs,
coded in Fortran for the RT-li operating system on the PDP-11/44
computer used to control the CT scanner, produce surface
reconstruction views from the frontal, rear, top, bottom,
oblique, lateral and ether projections.

The uncompressed CT scan data in RT-li format consisted of 512 x
512 pixels per slice, with 12 bits of gray scale for each pixel.
Two fixed threshold values were chosen, one for the air-plastic
interface of the desk telephone, and a second for the metal-non
metal interfaces. Thresholding (level slicing) was used for
contour extraction.

Figure 1 .shows a single CT scan slice of the phone. Streak
artifacts are present, but the basic geometry of the phone is
detectable. Figure 2 shows the surfaces reconstructed from the



CT scan sequence. At the top of Figure2, the air-plastic
interfc.ce of the phone is shown. At the bottom of Figure 2, the
metal surfaces within the phone and coiled cord is shown.

The geometry shown in Figure 2 for the outer and inner surfaces
is available in a 3-dimensiona1 coordinate form. A Fortran-77
program operating under the RSX-11/M+ operating system has been
developed to convert the object geometry to a Unigraphics wire
frame format.

The conversion of CT data to CAD/CAM format permits geometric
analysis of the scanned object, and has important implications
for non-destructive testing of complex objects.

" \



Figure 1. Sample CT scan -from a set o-f 60 obtained -from the desk
telephone.

Figure 2. Surface reconstructions obtained from 68 scans through
the desk telephone.

Top: Air-plastic surface of the telephone arid coiled cord.

Bottom: Internal features of the phone construction are
visible including the metal core of the coiled cord, transmitter,
receiver, cradle switch, paired bell mechanism, printed circuit
for pushbuttons.
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