Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Real-Time Reconstruction Of Log Cross-Sections
Using Tomographic Data

A thesis presented in fulfilment of the requirements for the
degree of Doctor of Philosophy at Massey University

Philip Colin Long
November 1993



Massey University Library
Thesis Copyright Form

Title of thesis®

(1) (a) T give permission for my thesis to be made available to
readers in Massey University Library under conditions
determined by the Librarian.

(b) I do not wish my thesis to be made available to readers
without my written consent for ... months. ‘

(2) (a) I agree that my thesis, or a copy, may be sent to
another institution under conditions determined by the
Librarian.

(b) I do not wish my thesis, or a copy, to be sent to
another institution without my written consent for ...
months.

(3) (a) I agree that my thesis may be copied for Library use.

(b) I do not wish my thesis to be copied for Library use for
. months.

‘The copyright of this thesis belongs to the author. Readers must
sign their name in the space below to show that they recognise
this. They are asked to add their permanent address.

NAME AND ADDRESS DATE



ABSTRACT

This thesis examines the application of internal imaging technologies to the
detection of defects within felled logs. This application requires images of
moderate resolution to be generated at high-speeds. Transmission tomography
is suggested as the most appropriate imaging technology, with particular
reference to X-ray transmission tomography. High-speed X-ray scanners
suitable to the application exist.

An international literature search was performed to find reconstruction systems
capable of high-speed reconstruction of the X-ray data. Those systems
claiming to be high-speed are discussed in regard to their means of achieving
high-speed reconstruction. The discussions show that most effort has been
directed toward sophisticated hardware implementation of the reconstruction
process, rather then the mathematics of the reconstruction process itself. To
increase the achievable rate of reconstruction, the mathematics of each process
in the reconstruction algorithm are examined in this thesis, with the aim of
reducing computational complexity.

Convolution backprojection is the most commonly used reconstruction method
in transmission tomography when the X-ray data are complete, and can be
neatly separated into two separate processes, convolution (filtering) and
backprojection, as the name suggests. This reconstruction method was chosen
as suitable for the log processing application because of its mathematical
simplicity and quality of image reconstruction.

Truncation of the convolution kernel is examined, and simulated results show
adequate reconstruction quality with significant truncation. An inexpensive
hardware design capable of performing the convolution operation in real-time
is developed.

The backprojection process normally employed is computationally expensive,
and is the major encumbrance to the realisation of simple high speed image
reconstruction from projections. A new backprojection algorithm for use in
high-speed parallel-ray tomographic reconstruction systems is presented. The
algorithm has the same functionality as the standard backprojection algorithm.
However it has been arranged so that fast table look-up methods may be used,
eliminating the need for time consuming mathematical calculations. The
modified backprojection algorithm reduces the size of the required look-up
table by an order of magnitude. Simulated results using the modified algorithm
are provided and compared to those obtained using the unmodified algorithm.
The resulting images are comparable with respect to feature identification,
confirming that the two algorithms function similarly. High-speed
implementations of the modified backprojection process used in tomographic
reconstruction are presented. '

By combining both the convolution and backprojection implementations
presented, an inexpensive reconstruction system suitable for detection of
defects in felled logs is achievable.
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