INTERNATIONAL ISO
STANDARD 13322-1

Second edition
2014-05-15

Particle size analysis — Image analysis
methods —

Part 1:
Static image analysis methods

Analyse granulométrique 7—"Méthodes par analyse d'images —

Partie 1: Méthodes pagr~analyse d'images statiques

-_— Reference number
=) — 1SO 13322-1:2014(E)

© IS0 2014


https://standardsiso.com/api/?name=292da110430d9b3a37406a7a56444da5

ISO 13322-1:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=292da110430d9b3a37406a7a56444da5

1SO 13322-1:2014(E)

Contents Page
FFOT@WOTM ........oooccceeee st iv
IIUETOQUICEION......o.c st \%
1 SCOPI ...t 1
2 NOTITNATIVE TEECI@INCES ..........ccccocovooveieissie st 1
3 Terms and definitions and list of SYMDBOIS ... 1
3.1 Terms and definitions
3.2 SYIMIDOLS .o B
4 Preparation for image CAPUUIe ...ty Yo | 5
4.1 59T 00T L0 Ut () oSSR SPE S~ N 5
4.2 PrOCEAUIES......oooooeieesiesessseesssessssssssssessssessse s sssssesssssessssessssses By oo s 5
5 Sample preparation demands for method description................cccco. O3 ¥ o 6
5.1 Sample splitting and reduction...........cccr. .6
5.2 Touching particles......ns .6
5.3 Particle distribution )
5.4 Number of particles to be counted .6
5.5  Particle suspending fluid. ...y S 7
6 Quality of captured IMAZES ... Nt

6.1 General ...
6.2 Pixels per particle
7 IMAGE ANALYSIS ... T s
7.1 GEIIETAL ... N o8 s 8
7.2 Size classes and magnification ...z ]
8 COUNEING PIOCEAUTE. ... 5 e e
8.1 General ...

8.2 Particle image edges
8.3 Particles cut by the edge of the measurement frame...

8.4 Touching particles, . e
8.5 IMBASUTEITIEIIES i
9 Calculation of the particle Size resSults............ e 12

10 Calibration and-traceability
10.1  General ..o
10.2 Recommendations and requirements

11 Accuracy
11.1
112
1.3 INStrument PreParation ...
11.4 Qualification test

11.5 Qualification acceptance

12 T@STTE@POTE ...tk

Annex A (informative) Estimation of the number of particles to be counted for a given accuracy.17
Annex B (informative) Common segmentation methods for particle edge detection............................. 22
Annex C (informative) Flow chart showing a typical image analysis method................cn 23
BIDIIOGIAPIY ... 24

© 1S0O 2014 - All rights reserved iii


https://standardsiso.com/api/?name=292da110430d9b3a37406a7a56444da5

ISO 13322-1:2014(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The purpose of this part of ISO 13322 is to give guidance when using images for particle size analysis.

Image analysis is a technique that has gained popularity in different applications. The aim of this part
of ISO 13322 is to give a standardized description of the technique used and its validation. This part of
ISO 13322 does not describe specific instruments and is restricted to those parts of the acquisition of
images that are relevant to the accuracy of the particle size analysis.

This part of ISO 13322 1ncludes methods of callbratlon Verlflcatlon and recommends usmg a certified

3 eference e e R e e § fcles under
studly, or other reference ob]ects of known size so that the llkely systematlc uncertainties 1nt Foduced by
thelequipment can be assessed.

Errprs introduced at all stages of the analysis from sub-division of the sample to,generation [of the final
resfilt add to the total uncertainty of measurements and it is important to_obtdin estimgtes for the
uncertainty arising from each stage.

Essential operations are identified to ensure that measurements made conform to this part of ISO 13322
and|are traceable.

© IS0 2014 - All rights reserved v
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Part 1:
Static image analysis methods

1

Thi
size
dev]
The
can
can

Thi
eled

setf
ISO

Bot
dist
des

Aut
deg]

Thi
and|
to ¢

NOT

2

Thd
ind
refq

ISO

Scope

5 part of ISO 13322 is applicable to the analysis of images for the purpose of determining particle
distributions where the velocity of the particles against the axis of the optical system of the imaging
ice is zero. The particles are appropriately dispersed and fixed in the object plane of the inpstrument.

field of view may sample the object plane dynamically either by moving the.sample su

ort or the

era provided this can be accomplished without any motion effects on the image. Captufed images

be analysed subsequently.

5 part of ISO 13322 concentrates upon the analysis of digital images created from either light or

tron detection systems. It does not address the method of creating the image although th
ings chosen together with its calibration are important to{particle sizing accuracy. T
13322 considers only image evaluation methods using complete pixel counts.

h the type of distribution, (by number or by volume)jtogether with the width of the p
ribution has a very material influence upon the number of particles to be measured to
red accuracy within the specified confidence limlits. An example is shown in Annex A.

pmation of the analysis is possible in order@o measure sufficient particle numbers for
ree of precision.

5 part of ISO 13322 does not address:the sample preparation. However, the sub sampling,
presentation of particles to be measured are a vital part of the operational chain of action;
nsure accuracy and precision of any final result.

E Further details about'sampling and sample preparation can be found in ISO 14887 and IS

Normative references

following documients, in whole or in part, are normatively referenced in this docume

b detection
his part of

hrticle size
secure the

a required

dispersion
necessary

14488.

nt and are

spensable for-its application. For dated references, only the edition cited applies. F¢r undated

rences, the'latest edition of the referenced document (including any amendments) applidg

927615 Representation of results of particle size analysis — Part 1: Graphical representatid

S.

=

ISO

sizes/diameters and moments from particle size distributions

ge particle

[SO 14488, Particulate materials — Sampling and sample splitting for the determination of particulate
properties

3

3.1

For

Terms and definitions and list of symbols

Terms and definitions

the purposes of this document, the following terms and definitions apply.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=292da110430d9b3a37406a7a56444da5

ISO 13322-1:2014(E)

3.11

area equivalent diameter

diameter o

fa circle having the same area as the projected image of the particle

Note 1 to entry: It is also known as the Heywood diameter or as the equivalent circular diameter.

3.1.2

binary image
digitized image consisting of an array of pixels, each of which has a value of 0 or 1, whose values are
normally represented by dark and bright regions on the display screen or by the use of two distinct

colours

3.1.3

contrast (|
<particle 3
backgroun,

3.1.4
edge detes
methods u

pf an image)
ize analysis> difference between the intensity of the particle image with respect to
d near to the particle

‘tion
bed to detect transition between objects and background

Note 1 to enftry: See segmentation method (3.1.13).

3.1.5

Feret dianmpeter

distance b

3.1.6
field of vig
field which

btween two parallel tangents on opposite sides of the itnage of a particle

w
is viewed by the viewing device

Note 1 to enftry: The full image frame of a digital imaging device corresponds to its field of view.

SEE: Figur

3.1.7
grey imag
image in w

3.1.8
image ana
processing

3.19

p 1.

P
hich multiple grey level values are permitted for each pixel

lysis
and data reduetion operation which yields a numerical or logical result from an image

measurenpent field

field which

is coniposed by the set of all measurement frames

SEE: Figur

p (-

3.1.10

measurement frame
selected area from the field of view in which particles are sized and counted for image analysis

SEE: Figure 1.

3.1.11
pixel

picture element
individual sample in a digital image that has been formed by uniform sampling in both the horizontal
and vertical directions

the

© ISO 2014 - All rights reserved
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3.1.12
raster pattern
scanning order of measurement frames in the total measurement field

SEE: Figure 1.

3.1.13
segmentation method
strategy employed to separate the objects of interest from their surroundings

Note 1 to entry: Method of dividing the particle image from the background.

Note 2 to entry: See edge detection (3.1.4).
3.1{14
threshold
grey level value which is set to discriminate objects of interest from background
3 L
/ X
X 7
D °
(o]
Y
1 0o
°l o 0 0
\ o ~ Q]
1 2
Key
1 measurement frame
2 |field of view
3 |raster pattern of measurement frames
4 |measurement field
X |enlarged view ofa-field of view
Figure 4. Relationship between the terms “field of view”, “measurement frame”, {raster
pattern” and “measurement field”
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3.2 Symbols

Aj projected area of particle i

a1 horizontal calibration factor

ar vertical calibration factor

d minimum feature length

dc diameter of a circle

N number of particles to be measured

Ne measured number of pixels within a circle
nj jumbers of particles in size interval 4x;

P; probability that particle i exists in the measuring frame (also called Miles-Lantuéjoul factjor)
@i ghape descriptor

o dtandard deviation

Vi yolume of particle i

XA drea equivalent diameter of particle i

XF1 Horizontal Feret diameter of object

XF2 Vfertical Feret diameter of object

Xj dimension of particle i

XFmax,i lpngest dimension of particle i, also¢alled maximum Feret diameter

XFmin,i  ghortest dimension of particley, also called minimum Feret diameter

X1 Horizontal dimension of object

X1,m Horizontal dimensieh of object in SI unit

X1,p Horizontal diménsion of object in pixel

X2 yertical dimiension of object

X2,m yertical.dimension of object in SI unit

X2,p Vertical dimension of object in pixel

X10,3 particle size corresponding to 10 % of the cumulative undersize distribution by volume
X90,3 particle size corresponding to 90 % of the cumulative undersize distribution by volume
Z1 horizontal side length of the rectangular measurement frame

Z vertical side length of the rectangular measurement frame

4 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=292da110430d9b3a37406a7a56444da5

1SO 13322-1:2014(E)

4 Preparation for image capture

4.1 Introduction

A pre-requisite for accurate particle size measurement using this method requires a full understanding
of the settings and calibration applied within the image capture device as well as a consideration of the
purpose for conducting the measurement.

The final settings and calibration of the image capture device need to be established via an iterative
approach. The size range of the particles within an unknown test sample has an influence upon the

setf
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the
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Thd
rec

illsb lCLlLlil Cd VVit}lill t}lC iulasc LCllJtul ills dCViLC. T}lCDC 1 Clllaill uu}\uuvv IT uuti} t}lC fil )
h taken, the result observed and the necessary adjustments to the image capture deyice
desired accuracy of particle size measurement required. A fully trained operator-shall
pssment.

imaging instrument should be set up and operated in accordance with”/the man
mmendations considering the conditions prevailing.

In order to achieve accurate particle size measurements it is preferred that the illumination

ove
sho
acc

a pd
Dis
may
pro
med

4.2

The
by {
the
hay
med

For
sha

a)

b)

11d be such as to provide a minimum number of pixels for the smallest particle consiste

rticle is relevant for cases where linear dimensions or conibinations thereof are measur

ortion in the image might arise from a number of causes, but its presence and effect or]
' be determined by selecting known sized particle$.;or other reference objects of sim
perties at a number of points and orientations imthe field of view. It is important to nd
isurements made provide only two-dimensional, X and Y, information.

Procedures

operator should decide why the result of the image analysis is required. Is a size d

requirement? What accuracy .ahd precision is required for the final result? These ded
e a significant influence upon the choice of settings and the method employed in conc
jsurement.

each material to be dnalysed and for each instrument employed the person conducting t
| ensure that the following procedures are followed.

Ensure an adeguate calibration for both the X and Y-axis of the measurement frame ex|
imaging instrument being employed, preferably by using a certified graticule or equivaler]
of equalkistanding.

payticle to be measured covers a sufficient number of pixels to support the required :

image has
to achieve
onduct the

ufacturer’s

be uniform

I the total field of view and of a type designed to create images ofthigh contrast. The majgnification

ht with the

iracy demanded and set to achieve a sharp focus. The number,ofpixels for the smallest dimension of

bd.
the image

lar optical
te that the

istribution

he number of particles in each size class required or is the volume of particles in each size class

isions will
lucting the

he analysis

ists for the
treference

Ensure that the optical magnification employed is suitable and such as the image of the smallest

ccuracy of

measuremernit.

c) Ensure that the illumination method and setting of any focus is correctly established to give a good

contrast and uniformity of illumination of any image gathered.

d) Ensure that the number of particles within the measurement frame is such as to minimize the

number of touching particles.

e) Ensure that a sufficient number of images of separate aliquot samples are gathered to provide a
suitable total number of particles with respect to the type of distribution, number or volume based,
and the width of the particle size distribution (see ISO 14488) and that they contain an adequate

statistical number of the largest particle of the target material (see Annex A).

© IS0 2014 - All rights reserved
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f) Some implementations of the image analysis technique employ a large area X, Y servo or manually
controlled sample slide assembly. Such large slides enable many measurement frames of the particles
deposited to be examined. Should the method of fully separate measurement frames be employed
then any frame overlap shall be avoided. If the method of overlapping measurement frames, or
other methods of analysing particles that interact with the measurement frame edge is used, then
procedures shall be employed to ensure that each particle is only included into the total count for

the appropriate size class, once. For more information, see 8.3.

If appropriate, ensure that the image quality consisting of illumination, focus and magnification has
not changed at the end of the measurement. The requirement for this step depends on the variability
of the instrument employed

g)

the
any

h) For th¢ case when image analysis is to be used for certified reference material measurement.at]
end of|the image gathering procedure, the calibration outlined in a) should be repeated and

measufred deviation recorded.

i) Allthe

conditions, set up or established, for the target material shall be fully documented.

5 Samyple preparation demands for method description

5.1 Sample splitting and reduction

As only a small amount of material is needed to prepare a test sampleythis should be sub-divided f:
the whole dample in a manner that ensures that the test sample is reépresentative of the whole as speci
in ISO 14488.

fom
fied

5.2 Touching particles

In order to
system shd

The numb
method th

particle without a proper separation will introduce error.

It is often

assess the degree of touching particles, a‘suitable optical resolution setting of the imag
uld be chosen. The optical resolution should also meet the criteria set out in 4.2 b).

b1 of particles touching each othér'should be minimized. It is a prime requirement of
ht measurements shall be made.on isolated particles. Touching particles measured as

hot possible to reliably detect touching particles by image analysis alone, but the influe

1ng

the
one

nce

the
ults

F particles on the result can be investigated experimentally by increasing or decreasing
particles per imageZlfthe number of particles cannot be changed, the influence on the res
stigated using aeference material with similar size and shape.

of touching
number of
can be inve

5.3 Partiicle distribution

There shoyld be aftadequate distribution of particles in the field of view. It may be necessary to exanjine
several fields/of‘view if a large total particle count is required. The whole area of the measurenpent
field should b® examined to ascertain whether there is noticeable segregation of particles (by size).[The
requirements set out in 4.2 f) should be followed.

5.4 Number of particles to be counted

The number of particles to be analysed depends upon whether the final result is a particle size
distribution by the number or by the volume of particles. Considerable care has to be exercised in order
to ensure that the analysis is representative of the bulk sample as described in ISO 14488. This can be
demonstrated by splitting the bulk sample into at least three test samples. Each test sample should
contain sufficient particle numbers for a full measurement. Statistical analysis of the data will reveal the
repeatability of the method including sampling and dispersion.

NOTE See Annex A for more information.

© ISO 2014 - All rights reserved
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5.5 Particle suspending fluid

It is likely that a large number of particle measurements will be of particles presented in a gas where an
adequate image contrast should be ensured. Should particle presentation require a liquid suspension
then it is preferred that such liquids be clean, particle-free, transparent and have a refractive index
as different as possible from the refractive index of particles to enhance the image contrast. Particles
presented in a mixed optical background such as in biological specimens, may require dynamic particle
by particle threshold selection.

WARNING — Automated particle by particle parameter selection applied for segmentation as
envisaged when mixed optical backgrounds are required cannot be validated for true particle
siz¢ and may result in particle size bias and reduced accuracy.

CA
atty

TION — Particle systems of mixed optical properties may have inaccurate-pa
ibuted to them due to possible threshold setting errors introducing particle-size b

6 [Quality of captured images

6.1l General

[t isjimportant for the analysis that the particles in the captured images are well dispersed. The number
of dverlapping or touching particles reduces with the concentration of the particles in the[frame (see
5.2). This is in conflict with the requirements of having a lar¥ge‘particle number to obtain a High degree
of precision. A compromise should be established.

The contrast achieved should be consistent with the level of accuracy required. The differen¢e between
the[brightness of the particle and its background shall be a few times of the resolution of th¢ grey level
imalge from zero to maximum brightness signal,

Thegaccuracy of the resultsis strongly affected by the number of pixels for each particle image|When only
theprojected area of the particles is measured as an average value, a few pixels may provide|acceptable
restilts for the smallest particles. Highler pixel numbers are required for accurate information about
each individual particle.

6.2| Pixels per particle

Both the number of pixels\forming the image of the particle and the relative position of the centring of
thelimage with respectto the fixed pixel pattern can have a material influence upon the final particle
sizg assessed from €ach particle image.

Imdge analysis_can be a method of choice for the certification of reference materials. It also|can be the
method of choice for general measurements. The conditions required to achieve a defined acfuracy and
prefision may be quite different for these two cases and warrant separate approaches.

6.2]1“")Characterization of reference materials

Materials selected for reference materials are often spherical and having limited or mono dispersed
size distributions. In order to characterize such materials to a high order of accuracy requires that each
particle cover a substantial number of pixels. Errors in particle size assignment from digitized images
arise from two sources[2l.

a) The number of pixels covered by the particle image in combination with the relative position of the
centring of the particle image with respect to the fixed, pixel pattern. A limited number of pixels
per image results in a variation in the reported size as a result of image centring with respect to
the fixed pixel array and due to the finite number of pixels. This results in a finite broadening of the
particle size distribution even from mono-sized particles.

b) The setting and control of the threshold of pixel detection. Any error in the setting of the threshold
level to decide whether a pixel is included or excluded, results in a bias to the size reported. The

© ISO 2014 - All rights reserved 7
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influence of the threshold setting shall be carefully examined as demonstrated in Reference [12].
Any automated threshold setting algorithm which cannot demonstrate not inducing any error or
bias shall not be used for the purpose of characterization of reference materials.

For a circle of diameter, d, expressed in pixel units and covering a measured number of pixels, n¢, the

standard d

G(”c):

eviation of n. may be approximated by (see Reference [4]):
dC

1
0,68( ]2
2

(M

The numbsqg
for any sta

NOTE 4
image fram

6.2.2 Ge

In this mor
whereby th
sufficient
as describe

7 Imag

7.1 Gen

Modernim|
analysis arn
that the m
the enhang
the final rg
since this

rejected fr
each meas
minor dist
measurem

7.2 Size

The theorg
uncertaint
be stored g

r of pixels, n¢, to form the image of a particle of diameter, d;, can be estimated using Formul3
hdard deviation o.

\ larger number of pixels per particle also introduces a restriction upon the number of particles
e that can be counted per slide.

neral particle sizing

e general case, a wider particle size range is most likely. For this a balance shall be achie
e largest particles are readily contained within the image frame restriction, while provic
ixels to describe the smallest particle to the desired accuracy. The threshold level may bg
din 8.2.

e analysis

bral

hge analyzers usually have algorithms available for enhancing the quality of the image pric
d for separating touching particles. It isqpermitted to use enhancement algorithms provi
basurements can be unambiguously.associated with the particles in the original image
ement can be verified as not introducing additional errors of particle size or likely to

bsult. Irregularly shaped particles) or particles with sharp corners should not be separz
vould distort the shape of the particles. All touching irregular shaped particles shoulc
bm the measurement and anote should be made for the proportion of particles rejected f

brtion of the area of particles. A flow chart showing typical procedures used in carrying
ents by image analysis'is given in Figure C.1.

classes andxnagnification

tical limtit)for resolution of objects by size using image analysis is one pixel, although
i of particle size increases with very low pixel numbers. Discretized representations sh
article-by-particle with a resolution of one pixel. Note that any compression of images m

(1)

per

Ued,
ling
set

rto
ded
and
bias
ted
| be
fom

urement frame, see 8.4 Touching spherical particles may be separated, as this gives ¢nly

out

the
uld
ght

reduce the

aceuracy and the resolution. However, it is necessary to define the size classes for the f]

inal

reporting of results; the desire for maximum dynamic range of sizes covered in each frame should be
balanced by the necessity for accuracy, which is a function of the total number of particles counted,
the dynamic range and the number of pixels included in the smallest objects to be considered. It is
recommended that pixels be converted to SI length units prior to any reporting of size for quantitative
analysis.

The magnification used should be such that the smallest particles counted have a projected area
sufficient to cover an adequate number of pixels to meet the accuracy required. All particles measured
should be sized and stored with a resolution of one pixel. The final results are to be reported by grouping
the particles into size classes. For samples with a narrow size distribution, the grouping may be based
on a linear progression and for samples with a wide size distribution; the grouping may be based on a
logarithmic progression. The intervals for these progressions should be based on the dynamic range and
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total number of particles counted. The particles assigned to a given class are those that have a diameter
that is equal to or greater than the lower limit of the class interval and less than the upper limit.

8

8.1

Counting procedure

General

The particle size distributions should be determined by counting those particle images that have been
accepted as passing the software selected criteria being employed for each measurement frame and

B Rt a

8.2 Particle image edges

Several segmentation methods exist for particle contour detection. These are for-instance:

a) [thresholding;

b) [edge detection.

NOTE1 See Annex B for more information.

These methods should be tested with reference materials in ordefto find out what method and|parameter
set give the best approximation of the reference materials result and are suitable for the material that
has|to be characterized.

NOTE 2 In the field of optical microscopy, the optical appearance of a real particle depends on tHe refractive
indgx of the particle, the refractive index of the surrouhding medium, the surface structure, and|the type of
illugnination. Furthermore the optical particle image ©on the sensor may be slightly out of focus and is digitally
sanlir;)led on a discrete pixel grid. All these effects have influence on the particle image edges.

A tlireshold method can be established manually, if necessary.

EXAMPLE If a half-amplitude method\is applicable, a small region of the background located p few pixels
awaly from the boundary of a typical particle is selected to establish the background value. The gmplitude of
signal from pixels just fully responding to the particles presence is selected to establish the foregrounld value. The
thrgshold level is to be set at the average of these two values; see Reference [2].

NOTE3  Manual threshold levels may be subjectively checked by direct comparison of the threshold image with
thaf| of the original image! This subjective method does not constitute validation but readily deteqts incorrect
settjngs.

A s¢cond option.is.to “auto-threshold” the image. Such an auto-threshold procedure shall bg validated
agajnst a certifiéd reference material having optical properties similar to that of the partjcles under

test.

is iy

This can be a certified reference material or a certified reticule. Ensure that the thresh
dependent of particle size.

CAl

pld applied

JTION — The use of a gratlcule ora reference materlal hav1ng dlfferent optlcal pr

perties to

thatof can lead to
substantial blas in the reported partlcle size when thlS reference is used to establlsh a threshold
level.

CAUTION — Failure to set an appropriate threshold level can lead to significant bias in the
determination of the particles size. This bias depends on particle size. All particles are affected
but the relative value of influence to the particles size increases with decreasing particle size
under a given resolution.
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8.3 Particles cut by the edge of the measurement frame

8.3.1 Method of counting all particles in a measurement frame

If all the objects that appear within the image frame (field of view) are accepted for measurement, the
accuracy of the final distribution will be impaired because some of the objects will be cut by the edge
of the image frame. To overcome this, a measurement frame is defined within the image frame. The
measurement frame can be used in the following two ways.

a) All the objects are allocated one pixel (e.g. the centroid) as the feature count point. Objects are
acceptpd-onlywhen their feature count pointles within the measurement frame; see Higure 7 a).
The m¢asurement frame can be of any shape provided that there is enough space between theledges
of the fwo frames so that no accepted particle is cut by the edge of the image frame.

b) A rectjngular frame is used with the bottom and right edges defined as reject sides. Objects lying
partially or wholly within the measurement frame and not touching the reject sides,are accepfed;
see Figure 2 b). There has to be sufficient space between the top and left edges of thé two frames so
that ng accepted objects are cut by the edge of the image frame. This covers alkeventualities ex¢ept
for particles intersecting two opposite sides of the frame; these would either be too large t¢ be
measufred at the magnification or would be so acicular that it is unsuitablefor classification by grea
anyway. Image analysis systems that reject all particles intersecting aframe edge use an effecfive
frame pize that is different for each size class and also different for#ach particle shape.

a) The centroid of particles is in the measurement frame

° e Q
RN o °
0 . . e
o N Ve i

b) Right and bottom sides are set to be the reject sides

NOTE Shaded particles are included in count; unshaded particles are excluded from count.

Figure 2 — Treatment of particles cut by the edge of the measurement frame

8.3.2 Method of neglecting particles cut by the edge of a measurement frame

All particles entirely inside the measurement frame are accepted for counting. All particles outside, or cut
by the edge, are neglected. This creates the situation where the probability for a particle to be included
in the measurement frame varies inversely with the size of the particle. This, therefore, introduces a
bias that is greater the larger the size of particle considered. The probability, P;, of a particle i having

10 © ISO 2014 - All rights reserved
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a horizontal Feret diameter of object xr1 and a vertical Feret diameter of object xry in a rectangular
measurement frame of size Z; by Z3 is given by Formula (2) (see References [3][5]):

Z1-xp1)(Z2=Xpy)
Z1Z,

p ol

1

(2)

The population of particles in the measurement frame should, therefore, be divided by the probability,

P;.

NOTE

infl

A very large number of frames may be required to minimize the error created by the
1ence, especially when the particles are no longer very small compared to the frame size.

edge effect

EXA
of s
corty

MPLE A square frame of size 100 units times 100 units is used for counting a population
zes ranging from two units to ten units. The count of the particles wholly in the measuring fr3
ection factors are shown in Table 1.

Table 1 — Example of corrected count

of particles
me and the

Diameter
Xi
arbitrary unit

Correct
nj

Raw count
nj

Probability
P;

bd count

2

4

6

8
10

81
64
49
36
25

0,96
0,92
0,88
0,85
0,81

8

-

= N O O b

8.3

The
effe
met
acc
req

Dur
fra

of f
sele

Thi
ext

thily within the measurement frame are included into the count and listed as being counte
rame overlap wags previously decided from knowledge of the size distribution and the malgnification

3 Analysis method of overlapping measurement frames

analysis of overlapping measurement frames provides an alternative method of overcd
cts in order to include the maximum number of particles into the total valid particle
hod requires that the stage movement to expose the next measurement frame be o

lirement to prevent duplieation of particle counts.

ing the image processing-of a measurement frame, particles having interacted with the mq
e edge are identified-and their position listed for analysis in subsequent frames. All oth

cted. The overtap should be such that each particle is counted in one of the measurement

5 methodvincludes all of those particles in the measurement field which do not intera
reme ‘edges of the field.

ming edge
fount. This
[ sufficient

hracy and precision such that each particle can be assigned a positional index. This is an essential

asurement
1 particles
. A degree

frames.

't with the

8.4

Touching partictes

The slide preparation method should be chosen to give a minimum number of touching particles.
Nevertheless it is inevitable that there will be touching particles in each measurement frame and some
method for dealing with them is necessary.

However, the first difficulty is to have an automatic method of identifying touching particles. This can
be done by:

a) following the number of particles “created” by numerical separation procedure;
b) some criterion such as the shape factor or even;

c) bymanualintervention; the statistical procedure for evaluating slides may also give some indication.

© ISO 2014 - All rights reserved 11
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Numerical separation proceduresare notrecommended for separating particleaggregatesintoindividual
particles as they can change the size of the particles in the image. Particle size distributions obtained
by such methods have no traceability. Such procedures for identifying aggregates can be investigated
by comparing the results with the size counting performed on the original untreated image. Touching
spherical particles may be separated, as this should give only minor distortion of the area of the particle.

Identification of touching particles on the basis of shape is not fool proof, in particular for compact
overlapping agglomerates, and will not distinguish real out-of-shape or oversized particles. In cases
where touching particles cannot be avoided, careful use of various techniques, e.g. fractal analysis to
identify aggregates or model-based separation techniques may be used to separate the particles. This

procedure

should not be employed within certified reference material measurement procedures

8.5 Measurements

The measy
According]
the longes

This methgd facilitates the definition of a shape factor with the greatest discrimihation. It is there

recommen
a)
b)
‘)

These par:
Formula (3

area o
longes

shorte

XA,iZV

X
O;=—
Xp

Appropriat
In order td
volumetrig
area-equiv

(

V,=—

1

rement of the perimeter of particles depends strongly on the image-analysjs system u
, the primary measurement is the projected area of each particle, expressed fin pixels, t
and the shortest Feret diameters of each particle, XFmax,i and XFmin,i, €Xpressed in pij

ded that the primary values be:

each object 4;;
t dimension of each particle, maximum Feret diameter, Xpnfax 1;
5t dimension of each particle, minimum Feret diameter, XFmin,i;

imeters are to be used to calculate the area equivalent diameter, xa j, in accordance V
) and the shape descriptor, ¢j, in accordance with.Formula (4).

4A;

1

T

min,i
max,i

e correction shall obviously:be made if the equipment used is not based on square pi3

compare the results dbtained by the image analysis method with those obtained by
or mass-based method, the volume, Vj, of each particle i can be calculated from the projeq
plent diameter, xa,f-of the particle according to Formula (5).

‘A,i)?)

6

9 Calcqlation of the particle size results

ced.
hen
els.
fore

vith

(3)

(4)

els.
the
ted

(5)

Particle sizing, using the image analysis method results in a number distribution where the counts
within each size class may have been corrected using the methods described in Clause 8.

The calculation of mean particle diameters is described in the different parts of [SO 9276.

10 Calibration and traceability

10.1 General

The equipment is first calibrated to convert pixels into SI length units, e.g. nanometres, micrometres,
millimetres, etc. for the final results. The calibration procedure shall include verification of the uniformity
of the field of view. An essential requirement of the calibration procedure is that all measurements shall

12
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be traceable to the standard metre. This can be done by calibration of the image analysis equipment
with a certified standard stage micrometre. The calibration shall be done with the same illuminating
and contrast conditions as the regular analysis.

EXAMPLE A certified chrome-on-glass reference stage graticule is available from the Natio
Laboratory (UK); certified spherical particle reference materials SRM 475 and SRM 484 are available from the
National Institute of Standards Technology (US); also certified reference materials from commercial sources can

ens

ure traceability to the SI.

10.2 Recommendations and requirements

10.

Eac

If a

nal Physical

.1 Touching particles

dilytion of the sample and repeat the measurement using more frames (see-8:4 and 5.2).

10.
Dis

10.

Eac

b)

P.2 Distortion of images

ortion is identified as follows.

area shall be sufficient to achieve the desired calibration accuracy.

Place it at each of the four corners and measure.its width, x1, and its height, x,, at each
additional positions.

Report the five values of x1, and x with-the final results.

p.3 Calibration

h setting of the imaging instrument is calibrated as follows.

multiple square gridfeature on the reference stage graticule.

Report the results.as, a1 calculated in accordance with Formula (6), and, a calculated in
with Formula %)

X 1,m

061 =
Xl,p

whére

©IS

h object in an image frame should be counted and reported in the results together with its area,
ximum and minimum Feret diameters.

h excessive number of touching particles is observed, reduce the numberfof'particles pdr image by

Select a square on a multiple-square grid feature from{a reference stage graticule. Place it at the
centre and measure its width, x1, and its height, x. The number of pixels included with the x1, x7,

of the four

Determine the correspondence between image size in pixels and the actual size in SI units using the

hccordance

(6)

X1,m isthe horizontal actual size of the object;

X1,p is the horizontal size of the object in pixels.

02014 - All rights reserved
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X2

Oy =

,m

Xz‘p

where
X2,m

Xz’p

NOTE

is the vertical actual size of the object;

is the vertical size of the object in pixels.

(7)

Nhenusingamatrixcameraaswellasaline scanner, eitherx; orx2 and either a; ora> mavbe reported.

11 Accui

11.1 Gen

The correc

11.2 Refe

To ensure
certified v
calibration
functionin
again use t

For accura
technique
ratio of at
accordingt
fraction th

It is essent
preparatio
An instru
demonstr

Operations
suitable fo
particles w

For non-sp

consist of documented values coming from image analysis in one or more instrument types accor¢

to an agree

i

racy

bral

t operation of the instrument should be verified by a qualification procédure (see 4.2).

rence materials

accuracy, use traceable spherical certified reference matetials (CRMs), e.g. particles v
hlues that are traceable to results obtained by national metrology institutes, e.g. by di
or by using CRMs produced by these institutes. This ensures that the instrument is corre
b as an analytical platform. Should any modificatigns or major maintenance be requi
raceable CRMs to ensure the accuracy of the instruments.

"y, traceable spherical CRMs are required, whigh are declared suitable for the image anal
aind consist of a known distribution having @range of spherical particles with an x9¢,3/X
east 1,5 and also having common density-and optical properties. They should be produ

ht are traceable to the SI and have been assigned by a metrologically valid procedure.

h. Such a procedure shall be followed in its entirety and the title and version number repor
ent demonstrates primaryjaccuracy if the results obtained using fully traceable CRM’s
ed to be within acceptable limits.

1 qualification may-be demonstrated using non spherical (non-certified) reference mater
' image analysis-techniques. The particle distribution should consist of a known rang
ith an x9¢,3/x10,3 ratio of at least 1,5.

herical materials, the aspectratio shall be restricted to 1:3. The particle size distribution s

d, detailed operational procedure which has been shown to yield adequate and stable res

over time.

flthe reference values come from other methods than image analysis, a significant bias 1

vith
rect
ctly
red,

ySis
10,3
ced

0 ISO Guide 34[6] and have certified values for percentage mass fraction or percentage volfime

ial that a robust procedure is available that fully describes the sub-sampling and sample

ted.
are

ials
e of

hall
ling
ults
may

result. If sub-sampling 1S necessary, exercise due care while using a method that has been prove

n to

yield adequate results (see ISO 14488). If a protocol for sampling, dispersion or measurement is not

available, t

he procedure that is used shall be reported with the final results.

11.3 Instrument preparation

Follow the instructions and advice given in the instrument manual for preparation of the instrument.
The functionality of the unit shall have passed the supplying manufacturer’s operational qualification
(0Q) test or equivalent, with the date and result of the test recorded. The analysis mode, if selectable,
shall be suitable for this class of measurement (see 4.2). A well-trained operator shall prepare the
instrument and perform the qualification test. The result presentation software shall preferably be set
so as to produce an output of the cumulative undersize distribution in accordance with ISO 9276-1.
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4 Qualification test

The test protocol of the CRM shall be followed during the measurement. Analysis of at least three
test portions observed with an adequate number of measurement frames is preferred, for which the
average results shall be used. It is preferred that a live display of both the raw image and the digitized
representation be made available.

11

.5 Qualification acceptance

The qualification acceptance is to apply to CRM materials supplied as number or volume distributions.

The

[0 1 =i A VAR PN P2EPP 1 it tatad f 1N zaxzal frbhao CDN oo

aximum and

min
the
the

a)

b)

d)

Ifa
acc
a to
dev|

12

The

ifi ooy o € £ of
ZJ /U LUICIT Ull\'\a llllllLJ SJLdll U lUl \/U\/ll OILA\' VOllbl\.z Ul LIIC UGINIVY Ql_l\,\,lll\,aLlUll lUl lll CA AV SRy

imum values that define the stated parameter. The qualification test shall be acceptedx

following criteria:

the number of accepted particles that are measured exceeds the number required for {
accuracy within the specified confidence limits;

the number of touching particles is below specified limits; using spherical CRMs their i
the result may be reduced by using shape descriptors as filters;

the reported values of the particle diameter between the 10th ahd 30th percentiles of the

for the reference material over this percentile range by more than 3 % relative;

the reported values of the particle diameter betweenthe 30th and 70th percentiles of the

for the reference material over this percentile range by more than 2,5 % relative;

the reported values of the particle diameterbetween the 70th and 90th percentiles of the

for the reference material over this peréentile range by more than 4 % relative.

larger deviation is obtained, checkall potential error sources and/or seek expert advice
iracy is required for any reason, then a CRM should be chosen with a narrow confidence in
tal protocol for sampling, dispersion and measurement should be used that guarantees
jations.

Test report
test report should contain the following information:

identifieation of the test specimen;

reference to this part of ISO 13322 (ISO 13322-1:2014);

s fulfilling

requirements of this part of ISO 13322 if the resulting measured particle size distributign achieves

he desired

1fluence on

tumulative

undersize distribution by mass or volume do not exceed thé&quoted maximum or mininpum values

Cfumulative

undersize distribution by mass or volume do not €xceed the quoted maximum or mininmpum values

Fumulative

undersize distribution by mass or volume do not exceed the quoted maximum or mininjum values

If a higher
terval, and
minimum

ive details

d)
€)
f)
g)
h)

r‘nmp]nfn r‘ncrvipfinn ofthe method used for cn]‘\-camp]n prnparnfinh’ with full qnahh'fa

of the nominal weights, volumes and compositions of particles and products used at each stage of

the sub-sample preparation procedure;
system used (hardware and software);
size of the images;

resolution;

number of frames;

total number of accepted particles.

Usable results should be reported in tables and graphs in accordance with ISO 9276-1 and 1SO 9276-2.

© IS0 2014 - All rights reserved
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A micrograph should be provided of a typical field for each of the samples and for each setting of the
imaging instrument.
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Annex A
(informative)

Estimation of the number of particles to be counted for a given

daccuracy

A.]I General

Ap
leve
and
by t
for

tot
par

A.2
dia

A2

The
satil
med
the
reld

An

whyd
pro

rediction of the minimum number of particles required to be measured in orderto achiey
l of accuracy within a defined confidence interval has been provided by Masudajand Gotoh

he volume of particles in each size class requires a greater number of parmticles to be co
h distribution by the number of particles in each size class to achieye, a finite accuracy.
he cubic weighting with respect to particle size. It is required counting a thousand, 10 pn
ficles to have the same volume as a single 100 pm particle.

Calculation of the sufficient sample size for,the estimation of mean p
meters

.1 Summary of the method

e a defined
1], Weddl[Z]

Yoshidall3]. A key property is the type of the size distribution required. A size distribution described

inted than
This is due
h-diameter

article

value to be calculated, n* gives an estimatioh on how many particles should be sa

isurement within § relative error with aprobability of P. Reference [1] provides a way,
log-normal distribution by number,to”calculate the sufficient number of particles, n
tive error 6 and the probability P-are’given. A short step by step guideline is given below

ntermediate parameter u defiried by the given probability P as described in Formula (A.1]

ds)

re ¢ is a cumulativedistribution function of the standard normal distribution. For the mo|
bability values(of P, the value of u is given in Table A.1.

_1-P
2

Table A.1 — u(P) for some typical probability values above P =50 %
(values below 50 % are too low for the confidence level)

m
sfactory results. More precisely, n* is the-nhumber of particles required to get meaf

led to get
diameter
ased upon
when the

isneeded:
(A1)

st common

(%) 50 68,3 75 80 90 95 97,5 99 99,5 99,8

99,9

u 0,67 1,00 1,15 1,28 1,64 1,96 2,24 2,58 2,81 3,09

3,29

Next, the standard deviation, s, of the population diameters has to be calculated. Assuming log-normal
distribution by number, it can be derived from 84th and 50th sample percentile diameters using
Formula (A.2):

s=In(sg)=In(xg40)~In(xs0,)

(A.2)

where sg is a geometric standard deviation which characterizes the width for log-normal distributions
independent on the weighting method for the diameter and In is the natural logarithm.

NOTE

and

changed to s and sg as specified in ISO 9276-5 and are also used in A.2.

© IS0 2014 - All rights reserved
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Having standard deviation s from Formula (A.2) and u from Table 1 (e.g. u = 1,96 for the P = 95 %
probability level), an interim parameter w is calculated:

w=u2a252

where

c=p+

ap

[tis now pg

for 3,16 %

*

n =of

Table A.2 p

A.2.2 Ex

This exam
mass medi
from Table

(20252 +1)

il
2

below).

Felative error) to get the final result for n*:

-2

rovides values for a and f depending on the measured mean diameter type.

Table A.2 — Parameters a and g for different diameter types

Type
Mass median diameter

Sauter diameter (mean volume-surface diameter)

[« el N heN)

wlun|o |

Mean volume diameter

hmple

ble illustrates the calculation of-the sufficient number of particles needed to measure
hn diameter (MMD) within 5 % error (6 = 0,05) with 95 % probability (P =095 and u =
[A.1). From Table A.2, we have'a = 6 and [ = 0. After substitution of @ and  we get:

n*= [3tou252 (1852 + 1)]5_2

For this pa

n*=55

Geometric
diameters

ticular example;given u and 6, the sufficient number of particles can be calculated as folla

319. 52 (1832 +1) , where s= ln(sg)

staiidard deviation sg is usually known for the population or can be derived from percer
hS-shown in Formula (A.2) and can be easily substituted to the formula above. For examn

are constants defined from a type of the mean diameter to be measured (discussed

ssible to substitute w and the relative error 6 (e.g. 6 = 0,01 for 1 % relative erroy,or 6 = 0,0

316

h.4)

the
[,96

WS!

tile

ple,

for sg = 1,1,after rounding to Integer, 1™ = 585 1s obtained, (see Table Z In Reference [1]], for this narrow,
almost monosized distribution.

A.3 Example using logarithmic normal probability functions for particle size dis-
tributions by volume

In this example the minimum number of particles, n* required to achieve an uncertainty (expressed
as the standard deviation) of a fraction Q3 = 90 % is predicted from given particle size distributions as

described i

18

n ISO 14488.
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The particle size distribution by volume is assumed to be represented by a normal probability density
distribution described in terms of a dimensionless variable, z (see ISO 9276-5):

. 1 _gc,2
q3(2)=——=e """ (A.5)

J2n

The logarithmic normal probability distribution is a formulation in which z is defined as a logarithm of x
scaled by two parameters, the mean size x50 3 and either the dimensionless standard deviation, s, or the
geometric standard deviation, sg, that characterize the distribution:

ER AV W T AR N S ARV
z=—In = In = g (A.6)
J LX50,3J In(s,) LX50,3J 1g(s,) LX50,3J

Thed geometric standard deviation, sg, is identical to xg4 3/x50,3 and is a description,forithe width of the
disfribution. The value of 1g(sg) has been varied from 0,05 to 0,5 (see Table A.3). lgis'the loghrithm to a
basp of 10.

Tlable A.3 — Conversion between values for different widths of the distributions used in the

example

Xga3 X903
I Sg=——
8(s¢) & X503 X103
0,01 1,02 1,06
0,05 1,12 1,34
0,1 1,26 1,80
0,2 158 3,26
0,3 2,00 5,87
0,5 3,16 19,12

Themean size, x50 3, has been set to 10 pm and the volume-based size distributions have beerj calculated
with a spreadsheet programme tising 200 size classes equally spaced on the logarithmic scale between
1 pm and 100 pm. The logarithimic normal probability distributions, which normally ext¢nd from 0
to ipfinity, have been truncéated and normalized using the defined class limits. The result ig plotted in

Figlire Al.
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