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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
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n-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
ernational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
b main task of technical committees is to prepare International Standards. Draft_International
ppted by the technical committees are circulated to the member bodies for voting. Publica

brnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

exceptional circumstances, when a technical committee has collected-data of a different king
ch is normally published as an International Standard (“state of thé«art”, for example), it may d

siniple majority vote of its participating members to publish a Technical Report. A Technical Repor
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brmative in nature and does not have to be reviewed until the ‘data it provides are considere
ger valid or useful.

ention is drawn to the possibility that some of the elemeénts of this document may be the subjed
nts. ISO shall not be held responsible for identifying.any or all such patent rights.

D/TR 25477 was prepared by Technical Committee ISO/TC 6, Paper, board and pulps, Subcomn
5t methods and quality specifications for pulps.
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Introduction

Image analysis systems have been available to the pulp and paper industry since the mid-nineteen seventies.

There have been many publications dealing with applications ranging from dirt counting to print quality

measurements. The image analysis equipment has evolved from compllcated and expensive research class
I b f

(CCDs), along with an increasing number of systems based on “page scanners” that use linear CCDs.and
scanning tirror systems to build up the scanned image in the computer. This Technical Report attemptq to
provide an| overview of some of the important issues, but it is not intended as an all-encompassing guidg to
this complex field. Anyone new to the field of image analysis should refer to the published literature for mpre
detailed gyidance on specific measurement applications.
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Scope

s Technical Report provides guidance on using image analysis to measure various vigtal proper
pber, board and the corresponding products that have been printed or coated. This\Technica
sed on TAPPI TIP 0804-09.

Basic guidelines

General

b following basic guidelines are recommended for image analysis measurements.

) Documentation

M sample preparation and equipment and lighting set-up through to the final data collection ar
pS.

} Sample preparation

b apparent simplicity of image analysis measurements may lead users to ignore the possible
bcts arising from variable samplé preparation or from sample ageing effects that introduce

ch

nges into the measurementy ‘Ensure that samples and reference samples are prepared in a

ies of pulp,
Report is

bry image analysis method should be thoroughly doeumented to ensure reproducibility of all steps, ranging

d analysis

impact of
significant
repeatable

mgnner and are stable. Sample preparation is often identified as the greatest source of error in image analysis
mgasurements.

2.

Lighting

Lighting differefnces can drastically alter image analysis measurements. Differences can arise from
solirces, including intensity, angular incidence, light source temperature and variable light intensi
image analyser is subject to ambient light variations. Even the light reflected from an operator's clothing can
influence' the measurement. Diffuse light is the preferred illumination for paper and paperboar
Engure that the wavelength spectrum of the illuminant is consistent with the spectral response of the detector.

numerous

when an

surfaces.

Camera response shall be linear and with no autogain. Care shall be taken when selecting a light source to
detect coloured features. A brown dot will have a much lower contrast in a red light than in a blue light.
Choose a light source that does not vary in spectral emission with changing voltage. Many CCD cameras are
extremely sensitive to near-infrared light, which can result in greater image contrast relative to visible light. A
broadband green filter or a filter that excludes near-infrared light may be installed in front of the detector. It is
best to locate image analysis equipment in a windowless room.
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2.5 Calibration

Almost all image analysis systems are delivered with some form of calibration standard that allows the
conversion of measurements into meaningful units. However, these standards might not be suitable for all
applications and they are often difficult to confirm in relation to primary standards. When possible, buy a

calibration
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system opgrators obtain the same result and that the method is operator-independent.

2.7 Pixel resolution

At the heaft of every image analyser is a linear or two-dimensional detector array-of picture elements (pixe
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2.9 Grely level resolution

standard that is traceable to a primary standard.

Image analysis is broadly used in the pulp and paper industry. Calibration methods will vary and depend
application. Some typical applications are listed in Clause 4.

complexity of the overall system set-up for some applications, it is often advisable to retainyong
ence samples whenever this is possible. The reference sample is measured as a quick'Check
t the current set-up produces results within acceptable tolerances. The reference sample shall
also permit repeat scans with acceptable precision. It is advisable to ensure that a number

image is converted into an array of pixels, each with an individual‘intensity in a computer memc

discrete feature in an image. Electronic coupling between«detector pixels can cause the effeci
of the detector to be much lower than might be expected, from pixel spacing. If it is essentia
h resolution of feature size or shape, then the featlfe” magnification level shall be set at
b level.

cal resolution

y of image analysis measurements is limitéd by the optical limitations of the viewing system t
image to the detector. The possibleséffects are potentially numerous and complex: alignmé
field, chromatic aberration, etc. In~general, finer detail will be resolved with high-quality lens]
velength light, and lenses with highér numerical apertures (and shorter working distances). WH

pnification will recover it.(Beginners to image analysis should take some time to learn about tk
tical systems and applications before finalizing their image analysis methods. A minimum of f

exceed 1 uym perpixel. Zoom lenses should be avoided.

The grey |
darker pix
contribute

evel, GL "is the intensity number assigned to each pixel where a lower number corresponds t
I. Alresolution scale with a minimum of 256 GL is recommended (8-bit sensor). A range of 256
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tion and accuracy of image analysis measurements are determined by the number of pixels that
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to
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bnsiderations require working a.longer distance from the portion of test and stopping down the lgns

of
eir
bur

iggested for the smallest feature to be measured and, if using white light sources, the resolution

b a
GL

0;5 % digitizing uncertainty to the total intensity uncertainty. If electronic noise is on the orde

of

0,5 %, then digitizing to even 4 000 GL will not improve the grey level resolution. The image analyser operator
shall record what the 0 GL and 255 GL values relate to with respect to a light and dark standard. The operator
shall also note the detection threshold, in terms of GL, that was used to detect features. It shall be understood
that the real limitation in resolving image features lies in the limited GL range that may exist in some samples.
Again, sensor response shall be linear and without autogain.
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3 Image analysis versus visual perception

Image analysis systems are capable of producing measurements that are precise to one percent or better.
These systems can, in fact, measure in a reliable manner sample quality differences that are much too fine to
be discerned by the human eye. In applications where image analysis results are likely to be compared with
visual evaluations, it is important to clarify what represents a minimum significant difference as far as the
observers are concerned. In general, one shall devise means to ensure that what the image analyser is
detecting corresponds to the reality of what the operator wishes to measure.

4 [Typical applications of image analysis technique

T

=

b following are areas to which the image analysis technique applies:

—| estimation of dirt and shives (ISO 5350-1, ISO 5350-2 and ISO 5350-4);
—| estimation of stickies and plastics (ISO 15360-2);

—| fibre length methods (ISO 16065-1 and ISO 16065-2);

—| coarseness of pulps (ISO 23713).
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