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Discussion with Reviewers 

R.D. Leapman: One practical difficulty that arises in 
the analysis of spectrum-images concerns the formula
tion of the right algorithm to apply to the data. For 
example, in EELS spectrum-images, we may need to 
take account of plural scattering effects, to compensate 
for energy and specimen drift, to correct for beam 
current fluctuations and detector gain variations and to 
take account of overlapping edges, etc. Image algebra 
clearly provides us with a unified formal structure for all 
the necessary mathematical operations. However, it also 
seems that some sort of expert system or artificial 
intelligence may be needed to optimize the analysis 
strategy for handling the vast quantity of data that is 
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typically acquired. To what extent can image algebra 
help us with this? 
Author: I agree entirely that the algebra should be 
forced to supply as much guidance as possible as well as 
providing a framework. Probably the most useful reply 
today is to say that work on neural networks and on 
fuzzy set theory in this field has already begun and that 
these are likely to be vital elements when constructing 
some kind of expert system. 

R.D. Leapman: Is there any simple-to-use image 
algebra software that is available for the small computer. 
Author: There is IA C and IA Fortran but I do not 
know whether there are pocket versions of these yet. 

M. Bond: A number of us are familiar with the term 
"voxel". How is this term related to multi-valued 
images? Would the spectrum-image described for EELS 
be an example of a voxel? Please comment on the 
usefulness of the term and its relevance in the field of 
image algebra. 
Author: The term pixel has come to be associated with 
a small area of a two-dimensional single-valued image, 
while voxel is used when small volumes are in question, 
notably in three-dimensional reconstruction. The term 
voxel has been used exclusively with three spatial 
dimensions in mind but there is no reason why two 
spatial dimensions and a third dimension representing 
energy, say, or time should not be envisaged - or one 
spatial dimension and one energy and one time. In such 
contexts, I think that it is very convenient to have a 
separate word. In algebra, however, it is not quite so 
obvious that a new term is helpful. Personally, I prefer 
to think of pixel-values that may be scalars or vectors or 
arrays associated with a coordinate that may have any 
number of components: 2 for a simple pixel, 3 for a 
voxel, or even more, energy associated with a volume 
element 
as a function of time needs five! 

M. Bond: Please clarify and expand on the idea of 
measuring the intensity distribution in the plane of the 
detector [of the STEM] for each pixel. Does this imply 
that intensity variations are within the image plane as 
opposed to perpendicular to the image plane? Does this 
imply that such an approach would be most useful in a 
"coarsely pixelated" image? 
Author: In a STEM, we may imagine that the probe 
illuminates a pixel and the electrons are then distributed 
over the detector plane. Each detector collects all the 
electrons that fall on it and the signal is sent to the 
monitor. In effect, the detector adds all the local cur
rents that fall on its own pixels. If, however, such a 
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simple detector is replaced by one that records the 
distribution of electrons in the detector plane from a 
single specimen pixel, we have a much more fine
grained idea of the specimen. The intensity variations 
are indeed in the detector plane, for each specimen pixel 
illuminated by the probe. The coarseness or fineness of 
the sampling is not in question though it is of course of 
practical importance. 

M. Bond: Please give an example of image morphology 
inAEM. 
Author: Morphology has mostly been used in SEM, for 
measuring geometrical properties. But it is just as 
promising in EELS, for "cleaning" noisy spectra, for 
example. 

N. Bonnet: I have appreciated the overview of the 
different kinds of images as a very general mathematical 
structure and the possible gathering of the numerous 
image processing methods within the general class of 
image algebra. Knowing that different groups of meth
ods can be understood within a common formalism is 
not only reassuring but also probably contains potential 
for the invention of more powerful image processing 
algorithms. But besides this elegant generalization, I 
have the impression that image algebra has not yet 
produced really new approaches for image processing 
and has not helped to solve problems that could not be 
solved by "classical" image processing algorithms. Is it 
possible to guess to which kinds of problems image 
algebra could bring a significant contribution in the 
future? 
Author: It was probably inevitable that, during the first 
few years of its existence, image algebra should have 
been dominated by the applied mathematicians who 
invented it, with the result correctly described by the 
reviewer. The situation is now changing, and papers are 
beginning to appear in the image-processing literature in 
which "real" problems are studied by a mixture of 
traditional and image-algebraic methods. Image algebra 
has already shed light on the murky waters of grey-level 
morphology, though much remains to be done there. I 
think that there is much to be hoped for in the newer 
and more obscure aspects of image processing, morphol
ogy as I have already mentioned, but also the use of 
neural networks, for classifying very large data sets with 
object-oriented learning rules, for example. However, 
the mathematics is now all ready; what we need is for 
the practicing members of the image-processing commu
nity to try it out. 

N. Bonnet: Traditionally, there are two main groups of 
methods for extracting chemical information (character-
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istic energy-loss peaks) from data sets in the form of 
image series: either a local modelling of the different 
spectra, following methods developed in spectroscopy, 
or a global analysis of the whole data set, by multi
variate statistical analysis, for instance. Each of these 
groups of methods has its own drawbacks: the need to 
choose a model and statistical problems for the former; 
the need to choose a metric distance and sensitivity to 
outliers and artefacts for the latter. For these reasons, 
new methods are beginning to be investigated, which try 
to place the analysis on a quasi-local (or regional) scale. 

Do you think that image algebra could cope with 
this kind of problem in the near future? Could you also 
give some more indications concerning the nature of the 
templates that could be used for processing spectrum
images? 
Author: Image algebra is general enough to represent 
clearly and compactly the kind of procedures described 
but I am not sufficiently aware of the details of these 
new methods to be able to speculate on the contribution 
that the algebra might make. On past experience, 
however, one can be optimistic. So far as the nature of 
the templates to be used for processing spectrum-images 
is concerned, several replies are possible: for smoothing, 
the templates would represent the corresponding struc
turing elements of mathematical morphology, but 
structuring elements of other families, notably "grey
level" (not flat) elements, would be needed for recogniz
ing and perhaps labelling peaks. 


