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Particle size and shape measurement

using image analysis

©S

What exactly is particle

size and shape?

This paper describes how particle
size and particle shape is

calculated and illustrates how
image analysis can be used to
measure both.

What is particle size?

Describing a 3D particle is often a
more complex matter than it first
appears. For practicality or
‘management purposes’ it is
convenient to describe particle size as
one single number. However, unless
the particle is a perfect sphere (which
is rare in ‘real-world’ samples) there
are many ways to describe the size of
a particle. This is the basic challenge
of particle size analysis — how do we
describe a 3-dimensional object with
one number only?

Image analysis captures a 2-
dimensional image of the 3D particle
and calculates various size and shape
parameters from this 2D image. One
of the principle diameters calculated is
CE diameter (Circle Equivalent
diameter) which is the diameter of a
circle with the same area as the 2D
image of the particle. Of course
different shaped particles will have an
influence on this CE diameter but,
importantly, it is a single number that
gets larger or smaller as the particle
does and it is objective and
repeatable.

CE diameter

The 3D image of the particle is
captured as a 2D image and
converted to a circle of equivalent
area to the 2D image. The diameter of
this circle is then reported as the CE
diameter of that particle (see Fig.1).

Image analysis application note

3D particle Captured as

a 2D image

Figure 1: Calculation of CE diameter

Of course a single value from one
particle is unlikely to be the much
sought-after “single number for
management purposes”. It is unlikely
to be statistically significant as the
single value depends upon which
individual particle is chosen. A
number of particles which are
representative of your sample as a
whole have to be measured and
statistical parameters generated.

A more appropriate single
characterisation number would be the
mean of all the CE diameters for
example. Once a distribution is
generated all statistical parameters
such as mean, median, mode,
standard deviation, D10, D90
percentiles etc can be easily
calculated.

Many real-world samples are broadly
shaped like a “Normal” or “Gaussian”
distribution. This allows us to apply
statistical methods in order to
evaluate confidence parameters and
make recommendations on the
minimum number of particles to
analyze to achieve a reasonable level
of statistical significance.

CE Diameter
Converted to Diameter of
a circle with circle
the same measured
area

What is particle shape and
why is it important?

If describing a 3D particle size is
complex then quantifying shape is
even more complicated! There are an
almost infinite number of ways to
describe a complex shape and in
doing so we seem to be deviating
from our stated objective of reducing
a sample to one quantifiable number.
So why measure shape?

Measuring size alone is sometimes
insufficiently sensitive to identify
important but subtle differences
between samples. Some batches of
samples may differ by such a small
amount that this difference is lost
during the translation to a circle-
equivalent or spherical-equivalent
diameter. For example consider the 3
shapes below.

All these 3 shapes have the same
area = 4 square units. When they are
converted to a circle equivalent
diameter they give the same result — a
circle equivalent diameter of 2.257
units.
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Square of side Equilateral Circle of
2 units triangle of side diameter 2.257
3.039 units units

Figure 2: 3 very different shapes of identical CE diameter

This highlights the main disadvantage
of measuring size only — very different
shaped samples could be
characterized as identical simply
because they have similar projected
2D areas. Particle shape often has a
significant influence on final product
performance parameters such as
flowability, abrasive efficiency, bio-
availability etc so some way of
characterizing shape is required.

Three commonly used shape
factors — circularity, convexity
and elongation

One measure of shape is to quantify
the ‘closeness’ to a perfect circle. For
this we use the parameter Circularity
which is defined as follows:

Circularity = 47d | P*

Where A is the particle area and P is
its perimeter.

Circularity is a ratio of the perimeter of
a circle with the same area as the
particle divided by the perimeter of the
actual particle image. There are
alternative definitions of Circularity but
the definition shown above has a
squared term in the numerator and
denominator in order to sensitize the
parameter to even the most subtle
variations in the area-perimeter
relationship. For this we refer to this
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parameter more accurately as HS
Circularity (for High Sensitivity).

Circularity has values in the range 0-
1. A perfect circle has a circularity of 1
while a very ‘spiky’ or irregular object
has a circularity value closer to 0.
Circularity is sensitive to both overall
form and surface roughness. Study
the shapes below — notice how
circularity is affected by both overall
form and symmetry, and surface
roughness.

Circularity is a good measure of what,
in human terms, we could describe as
“deviation from a perfect circle”.
However it is important to remember
that it is unlikely that one single shape
descriptor will perfectly discriminate
and characterise all applications and
different combinations of shapes.

Circularity=1

Circularity=0.89

Circularity=0.47

*xHe

* Circularity=0.21
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Notice that the long ellipse shape
(Figure 3, top right) has exactly the
same circularity as the compact, spiky
shape (Figure 3, bottom left).

Hence a variety of shape parameters
have been developed to be used as a
‘toolkit’ — different applications will
require different tools. For example an
application concerned with perfectly
spherical particles and measuring,
perhaps for QC purposes, the
deviation from perfectly spherical
would use circularity as the
discriminating parameter. However,
circularity would not be appropriate for
an application with both ‘spiky’ and
elliptical particles present.

Two other commonly used shape
parameters are convexity and
elongation.

Convexity

Convexity is a measure of the surface
roughness of a particle and is
calculated by dividing the “convex hull
perimeter” by the actual particle
perimeter. The easiest way to
visualize the “convex hull perimeter” is
to imagine an elastic band placed
around the particle. Convexity also
has values in the range 0-1. A smooth
shape has a convexity of 1 as the
convex hull perimeter is exactly the
same as the actual perimeter. A very
‘spiky’ or irregular object has a
convexity closer to 0 as the actual

- Circularity=0.47

Circularity=0.52

Figure 3: lllustration of circularity shape descriptor
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perimeter is greater than the convex
hull perimeter due to the fine surface
features.

Study the shapes in Figure 4 — notice
how convexity is unaffected by overall
form — a smooth needle has the same
convexity as a smooth circle.

Elongation

Elongation is defined as [1-aspect
ratio] or [1- width/length]. As the name
suggests it is a measure of elongation
and again has values in the range 0-
1. A shape symmetrical in all axes
such as a circle or square will have an
elongation value of 0 whereas shapes
with large aspect ratios will have an
elongation closer to 1. Study the
shapes in Figure 5 — notice how
elongation is unaffected by surface
roughness - a smooth ellipse has a
similar elongation as a spiky ellipse of
similar aspect ratio.

Along with the sensitivity gained from
the ability to measure shape, image
analysis provides two other important
benefits: number-based resolution
and recording of images. Both these
provide the user with additional
information which contributes to a
deeper understanding of the product
or manufacturing process.

What does ‘number-
based’ resolution mean?

Some applications, particularly those
where the detection of small numbers
of relatively small particles (fines) or
the detection of foreign particles is
important, require the resolution of a
number-based system. Not all
applications require this number-
based sensitivity - if not it usually
makes sense to benefit from the
speed and convenience of ensemble
methods.

Ensemble particle sizing methods
usually provide data on what is known
as a ‘volume-basis’. This means that
the contribution each particle makes
is proportional to its volume — large
particles dominate the distribution and
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Convexity=1

Convexity=1

Convexity=0.70
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- Convexity=1

Convexity=1

* Convexity=0.73

Figure 4: lllustration of convexity shape descriptor

Elongation=0

Elongation=0

Elongation=0.24

*xHe

- Elongation=0.82

Elongation=0.79

*Elongation=0.83

Figure 5: lllustration of elongation shape descriptor
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Figure 6: Number vs volume data display

sensitivity to small particles is reduced
as their volume is so much smaller
than the larger ones.

Image analysis provides data on what
is known as a ‘number-basis’. This
means that the contribution each
particle makes to the distribution is
the same - a very small particle has
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exactly the same ‘weighting’ as a very
large particle.

For diagnostic or trouble-shooting
purposes the presences of fines could
be very important in order to fully
understand the manufacturing
process and the extra-sensitivity to
fines of image analysis may be
required.

Recording of images

The ability to visualize images of
individual particles provides the user
with an extra level of verification that
backs up quantitative data and helps
optimize method development and
sample preparation. This capability is
particularly useful for ascertaining if
an irregular shaped particle is a
genuine primary particle or an
agglomerate of smaller particles for
example. Recorded images of all
particles can then be sorted, filtered
and classified according to the users’
requirements.

Figure 7 shows clear agglomeration of
principally spherical particles. These
can be identified visually from the
images and also quantifiably by using
a shape parameter such as circularity.
All agglomerates will have a lower
circularity value than primary
spherical particles so sorting and
filtering on circularity will quickly
identify the level of agglomeration in a
sample.

Figure 8 shows clear needle-shaped
particles. These can be detected

visually using the actual images and
also statistically by using a

0 v
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Figure 8: Particle image viewer showing needle-like particles

shape parameter such as (

elongation. Malvern Instruments Ltd

\

Enigma Business Park < Grovewood Road « Malvern « Worcestershire « UK - WR14 1XZ
Tel: +44 (0)1684 892456 - Fax: +44 (0)1684 892789

Malvern Instruments Worldwide
Sales and service centers in over 50 countries for details visit www.malvern.co.uk/contact

~

J

more information at www.malvern.co.uk

_ Image analysis application note  mrkesa-o1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


