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An optical micrograph shows parti-
cles on a surface—from contami-
nation, phase segregation, or some-

thing else? The secondary ion image shows
that some of the particles are iron, but
are they the ones near the surface flaw or
the ones clustered around the carbon
flakes? The first axiom of analytical chem-
istry is that no single method can answer
all the questions about a sample. For imag-
ing methods such as optical microscopy,
scanning electron microscopy (SEM),
secondary-ion mass spectrometry (SIMS)
microscopy, and scanning probe microscopy
(SPM), this axiom has profound conse-
quences. Although SPM methods might be
necessary to determine a sample’s surface
morphology, mapping distributions of some
elements might require SEM, and trace
elements require analysis by SIMS. Samples
analyzed by these methods are by nature
heterogeneous, and the data represented
by each point, or pixel, on a micrograph
reflect a separate analysis. In most cases,
the sample is much larger than the portions
analyzed (and presented in the respec-
tive micrographs), so that analysis obtained
by one method might correspond to one
part of the sample, and data from anoth-
er analysis to another part of the sample. 

With careful inspection, images obtained
by different methods can be correlated
by humans, but the process is tedious,
surprisingly stressful, and the quality of
the correlation varies enormously. One
promising alternative, machine vision, is
used widely in manufacturing to correlate
images of components obtained under a
variety of lighting and geometric condi-
tions, enabling robots to perform assem-
bly processes. This sort of capability
could prove appropriate, at least as a start-
ing point, for correlating analytical images.

Pixels to Bitmaps
The first step of machine vision is simple
digital image processing. Analytical image
files can have any number of formats, but

they can all be converted into bitmap files,
a type of integer array. With such arrays,
simple geometric and algebraic functions
can be performed rapidly on a PC. Typical
operations include normalization, which
converts raw data to integers to permit
rapid correlation; image rotation, to accom-

modate different sample loading methods;
geometric distortion to accommodate
various instrumental geometries; and
magnification to accommodate different
instrumental magnifications and fields of
view. The information necessary to use
these mathematical operations would
certainly be available to the researchers
generating the respective micrographs, even
if the results are only approximate—and
that is all that is necessary. Computer
programs can refine the results by itera-
tively changing image parameters over a
range as necessary to find the best fit. 

The second step of machine vision is
pattern recognition: linear algebra taken
to an extreme. Some feature or collection
of features is selected from a reference image
and represented as a small array—a small
picture. The intensity of every point on this
picture is then compared to the intensity
at a corresponding point on a subset of an
unknown image, and the geometric differ-
ences between the two subimages are

recorded. The reference subset is then
compared to a new subset of the unknown
image, offset by some specified amount
(usually one pixel), the comparison process
is repeated, and so on. At the end of the
process, the location of the best fit is
indicated by the pixel location that has the
corresponding smallest difference between
reference subimage and unknown subim-
age. This difference is a quantitative
measure of the correlation. Of course, if the
correlation is poor, magnification, rotation,
or other manipulations of the unknown
image can be performed automatically
and the process repeated as necessary.
Remarkably, correlation, if it exists, can
often be obtained in a few seconds with a
reasonably fast PC, using a commercially
available machine vision software library.

Find the Spheres
The U.S. Department of Energy’s Oak Ridge
National Laboratory has a statutory commit-
ment to develop analytical methods for,
among other things, particle analysis,
and DOE’s Office of Basic Energy Sciences
maintains an extensive portfolio of research
projects that involve analytical imaging.
To test whether machine vision might be
a useful method in these efforts, our
research group at Oak Ridge created arti-
ficial samples, obtained secondary ion
images of them, and then attempted to
correlate them with optical images. One
sample was a collection of Pd spheres, about
100 µm in diameter, placed in a line on a
surface of Ag, onto which had also been
deposited Mn flakes and Ti spheres, all
about 100 µm across (see Figure 1). A SIMS
micrograph based on a mass-to-charge ratio,
m/z, of 106 (Pd+) clearly shows the approx-
imate orientation of the Pd spheres on the
target. The problem is to identify the posi-
tions of the Pd spheres relative to the other
features of the sample, so that, if desired,
the Pd spheres could be removed for more
detailed analysis. To do this, a comple-
mentary image was generated that showed
locations where the various particles on
the surface obscured the Ag+ secondary ion
emission. The relative locations of the Pd
spheres in this image were then determined
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Machine vision software organizes a collage of
analytical images into a chemical portrait. 



using pattern recognition methods to corre-
late the Pd+ image with the complemen-
tary Ag+ image.

After the sample was removed from the
secondary ion microprobe, it was placed
under an optical microscope set to an arbi-

trarily small magnification and fitted with
a computer-controlled video camera. The
computer was instructed to find the magni-
fication, rotation, and contrast condi-
tions that would yield the best correlation
between the complementary secondary ion

image of Ag+ and the optical image
produced by the microscope. When the best
correlation was determined, the optical mi-
croscope and the sample were adjusted
accordingly. For example, if the best fit was
obtained with a computed 15° rotation,
the sample was rotated 15° and a new opti-
cal correlation obtained. Similarly, adjust-
ments were made for magnification and
illumination. The crosshairs in Figure 1
indicate the location of the Pd spheres.

Assembling the Picture
Analytical micrographs obtained from a
given sample should correlate; machine
vision makes simple, and even complex,
correlation relatively straightforward.
However, successful application of machine
vision requires chemical input. In the exam-
ple above, it was necessary to know, and
include as data input, the fact that second-
ary ion images only yield information about
ions of a single m/z. It is also necessary
to consider that some elements, such as
Na, yield abundant secondary ions even at
trace levels, but are invisible in optical
microscopy. Similarly, instrumental consid-
erations must be included to obtain sensi-
ble correlations. These chemical and instru-
mental considerations are most likely
known by the chemists involved. 

One crucial aspect of applying machine
vision to analytical imaging is the poten-
tial to apply complementary methods to
a single sample. Thus, for example, the
unique depth resolution of SPM methods
such as atomic force microscopy can be
integrated with the precise spatial resolu-
tion of electron microscopy. In other words,
automated image correlation mitigates the
consequences of the first axiom of analyt-
ical chemistry.
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FIGURE 1: Machine vision graphic user interface shows correlation of secondary ion image of
five Pd spheres (shown in right window) with near-real-time image generated from an opti-
cal microscope focused on the sample containing the Pd spheres with Mn flakes and Ti
spheres on an Ag substrate. Once a correlation is determined, the exact coordinates of the
particles on the microscope stage are identified.


