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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
[EC Directive i i i i
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Introduction

The technology of bar coding is based on the recognition of patterns encoded, in bars and spaces or in a
matrix of modules of defined dimensions, according to rules defining the translation of characters into such
patterns, known as the symbology specification. Symbology specifications may be categorised into those
for linear symbols, on the one hand, and two-dimensional symbols on the other; the latter may in turn be
subdivided into “multi-row bar code symbols” sometimes referred to as “stacked bar code symbols”, and
“two-dimensional matrix symbols”. In addition, there is a hybrid group of symbologies known as “composite
symbologies”; these symbols consist of two components carrying a single message or related data, one of
which is usually a linear symbol and the other a two-dimensional symbol positioned in a defined relationship
with the linear symbol.

Multi-row ba

a linear bar ¢ode symbol character and each row has those of a linear bar code symbol; each row, therefore,
bol must be

Two-dimensjonal matrix symbols are normally square or rectangular arpangements of daﬁ:k and light

d e) axes; the
coordinates jof each module need to be known in order to determine its-significance, and the $ymbol must
therefore be analysed two-dimensionally before it can be decoded. Senme matrix codes are domprised of
unconnected dots, in which the individual modules do not directly touch their neighbours but afe separated
from them b} a clear space.

Unless expli¢itly specified otherwise, the term “symbol” in thissdocument refers to either type of symbology.

The bar cod¢ symbol must be produced in such a way as{o'be reliably decoded at the point of ise, if it is to
fulfil its basilc objective as a machine-readable data carrier.

Manufacturgrs of bar code equipment and the\producers and users of bar code symbdls therefore
require publicly available standard test specifications for the objective assessment of the gpality of bar
code symbols, a process known as verification, to which they can refer when developing eqpipment and
application gpecifications or determining the quality of the symbols. Such test specifications form the basis
for the development of measuring equipment for process control and quality assurance pur(loses during
symbol production as well as afterwards.

The performjance of measuring.equipment for the verification of symbols, also known as verifiefs, is covered
in ISO/IEC 1p426-1 and ISO/IEG 15426-2.

The methodplogy described in this document is intended to achieve comparable results to the linear bar
code symbol quality standard ISO/IEC 15416, the general principles of which this document Qas followed.
It should be [read in conjunction with the symbology specification applicable to the bar code §ymbol being
tested, which prevides symbology-specific details necessary for its application. Two-dimensional multi-row
bar code symbalsare Ver1f1ed accordlng to the ISO/IEC 15416 methodology, Wlth the modlflcatlo s described
in Clause 6; diffe : 3 dymbols. The
procedures descrlbed in thls document must necessarlly be augmented by the reference decode algorithm
and other measurement details within the applicable symbology specification, and they may also be altered
or overridden as appropriate by governing symbology or application specifications.

The method of quality assessment described in this document is most applicable to reading environments
wherein printed and otherwise marked symbols are read predominantly by diffuse reflection. For direct part
mark applications, in which symbols and substrates may be glossy, specular, low contrast, etc., a modified
and extended version of the methodology defined in this document has been defined in ISO/IEC 29158 and
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provides for lighting arrangements and enhanced algorithms which more closely match reading equipment
commonly used in DPM applications.

NOTE The Bibliography provides official and industry standards containing symbology specifications, among
other references, to which this document applies. However, the Bibliography does not provide an exhaustive list of
symbology specifications.

© ISO/IEC 2024 - All rights reserved
vii


https://iecnorm.com/api/?name=13c93fdeda7b4b574cec622484fccbfd



https://iecnorm.com/api/?name=13c93fdeda7b4b574cec622484fccbfd

International Standard

ISO/IEC 1541

5:2024(en)

Automatic identification and data capture techniques —
Bar code symbol print quality test specification — Two-
dimensional symbols

1 Scope

This documse

— specifie
symbold
matrix s

specifie
symbol

.
IIc

two methodologies for the measurement of specific attributes of two-dimensio
- one of which applies to multi-row bar code symbologies and the other.to-two-
ymbologies;

methods for evaluating and grading these measurements and derivinigan overall a
quality;

— gives information on possible causes of deviation from optimum-grades to assist use

appropr

This docum¢
defined, how

symbologies,

NOTE w
and scanning

2 Norma

jate corrective action.

bnt applies to two-dimensional symbologies for whicha reference decode algoritl
fever the methodologies in this document can be applied partially or wholly to ¢

hile this document can be applied to direct partanarks, better correlation between measur
performance can be obtained with ISO/IEC 29158 in combination with this document.

tive references

nal bar code
dimensional

5sessment of

rs in taking

1m has been
ther similar

ement results

The followinjg documents are referred to in.the text in such a way that some or all of their contenjt constitutes

requirement
the latest ed

ISO/IEC 154
print quality

ISO/IEC 154
verifier confq

ISO/IEC 197
Harmonized

s of this document. For dated-references, only the edition cited applies. For undate
tion of the referenced document (including any amendments) applies.

16, Information technology — Automatic identification and data capture techniques
test specification ~-Linear symbols

D6-2, Information technology — Automatic identification and data capture technique
rmance specification — Part 2: Two-dimensional symbols

b2, Information technology — Automatic identification and data capture (AIDC) ¢
vocdbulary

 references,

— Bar code

b — Bar code

pchniques —

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762, ISO/IEC 15416 and the
following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2024 - All rights reserved
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binarised image
binary (black/white) image created by applying a threshold to the pixel (3.7) values in the reference grey-
scale image (3.9)

3.2

effective resolution
resolution obtained on the surface of the symbol under test and calculated as the resolution of the image
capture element multiplied by the magnification of the optical elements of the measuring device

Note 1 to entry: The effective resolution is normally expressed in pixels (3.7) per mm (or pixels per inch).

3.3

error correction capacity

number of ¢
correction, 1

3.4
inspection ¢
portion of af

3.5
grade thre

S
boundary Vefl]ue separating two grade levels, the value itself being taken @sithe lower limit of the]

3.6
module err

module of which the apparent dark or light state in the binarised intage (3.1) is inverted from its in

3.7
pixel
individual li

EXAMPLE

3.8

raw image
plot of the 1
discrete refl

39

reference g
plot of the 1
discrete refl
with a synth

3.10
synthesised

hinus the amount reserved for error detection

Area
image which contains the entire symbol to be tested inclusive of its quiet zones

old

DI’

rht-sensitive element in an array

Charge coupled device (CCD), complementary metal oxide semiconductor (CMOS) device

eflectance values in x and y coordinates across a two-dimensional image, repr
bctance values from each pixel (3.7) of the light-sensitive array

rey-scale image
eflectance values in x and y coordinates across a two-dimensional image, deriy
pctance valiies' of each pixel (3.7) of the light-sensitive array by convolving the raw
psised aperture (3.10)

bdewords, or units of data, in a symbol (or error control block) assigned for erasure and error

upper grade

tended state

psenting the

ed from the
y image (3.8)

dperture

convolutionatkermetusedtobturamrimmage
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4 Symbols and abbreviated terms

4.1 Symbols

E., error correction capacity of the symbol

D distance across or width of an element in a symbol

Dyom expected or nominal width of an element in a symbol

e number of erasures

Myop measure of the difference in reflectance between a module and the threshold
M,ny measpre of axial nonuniformity

Mgyy measpre of grid nonuniformity

Mygc measpure of unused error correction, accounting for the number of errors, erasures and ¢
R refle¢tance

R,.x indicgtive reflectance of the brightest area of a symbol

R, indicftive reflectance of the darkest area of a symbol

ARg: symbol contrast, i.e. the difference in reflectance between' R, ,, and R ;,

t numlMer of errors

T threshold

Xayvg  averdge spacing of modules in the horizontal axis

Yave aver]ge spacing of modules in the vertieal axis

4.2 Abbr¢viated terms

ANU
CU
FPD
GNU
MOD
PG
SC
UEC

ax
co
fix
gr

m

al nonuniformity
htrast uniformity:
ed pattern-damage
d nonuniformity

dwlation

print growth

symbol contrast

unused error correction
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5 Quality grading

5.1 General

The measurement of two-dimensional bar code symbols is designed to yield a quality grade, reported as the
symbol grade, indicating the overall quality of the symbol. This can be used by producers and users of the
symbol for diagnostic and process control purposes and is broadly predictive of the read performance to be
expected of the symbol. The process requires the measurement and grading of defined parameters, from
which the symbol grade is derived. The symbol grade is sometimes called the “overall symbol grade” when
used in a context in which the modifier “overall” helps to clarify and distinguish the symbol grade from
other parameter grades.

As a consequence of the use of different types of reading equipment under differing conditions in actual

applications
level of perfi
therefore de
and minimu
as an aid in
information
specification]
by the user.
grade canno
highly prefe
specification]

This docum

the levels ol quality required oI two-dimensional bar code symbols to ensure, a acceptable

rmance will differ between different real-world applications. Application specificqtions should
fine the required symbol quality in terms of aperture, light (angle, orientatienand wavelength),
Im symbol grade in accordance with this document. The guidelines in Annéx C gre provided
writing application specifications according to this document. Annex D provid¢s additional
regarding substrate properties. When this document is used withoutan applicablg application

, suitable choices for aperture, light (angle and wavelength), and minimum grade,

However, if these choices are not suited to the intended application, then the achi
[t be relied upon as an indicator of reading performance in the\intended applicatid
Fred to follow an agreed upon application specification when using this docume

bnt defines the method of obtaining a quality grade for individual symbols. Th

method in h,Lgh volume quality control regimes may requireysampling in order to achieve deg

Such sampli

NOTE
ISO 28590.

In

5.2 Expre

This documég
in steps of 0,
reported as
grades are 1

numeric grades should not besrounded to the nearest whole number. When using alphabet

convenience

Table 1 show

Tab

g plans, including required sampling rates are.outside of the scope of this documes

ormation on sampling plans can be found An ‘ISO 3951-1, ISO 3951-2, ISO 3951-3, IS

ust be made
eved symbol
n. Thus, it is
it (such as a

mutually agreed upon or published by an industry standards body or regulatory quthority).

b use of this
ired results.
nt.

D 3951-5 and

ssion of quality grades

nt specifies a numeric basis, for'expressing quality grades on a descending scale firom 4,0 to 0
1. The highest quality is represented by 4,0. Alphabetic grades are not formal and ghould not be
fhe formal grade. The link'between numeric and alphabetic grades is given in Table 1. Numeric
ore precise because they express a grade with ten steps within each letter grade range. Overall

they shall be aceempanied by a numerical grade.

s the correspondence between alphabetic and numeric grades.

e 1 —=Correspondence between numeric and historical alphabetic quality grades

Numeric range Alphabetic grade

>3,5 (i.e. 3,5; 3,6; 3,7; 3,8; 3,9; 4,0) A

2,5t03,4 B

1,5t0 2,4 C

0,5to 1,4 D

<0,4 (i.e. 0,0; 0,1; 0,2; 0,3; 0,4) F

5.3 Symbol grade

The symbol grade shall be calculated in accordance with 6.2.6 or 6.3 or 7.6 or Clause 8 and as applicable to

the type of symbol.
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5.4 Specifying the symbol grade requirement in an application specification

An application specification shall specify the minimum grade requirement as well as the grading conditions,
shown in the format:

grade/aperture/light/angle

where
grade indicates the minimum grade required;
aperture indicates the aperture reference number (from ISO/IEC 15416 for linear scanning techniques),
or the diameter in thousandths of an inch (to the nearest thousandth) of the aperture defined
in5.6.2;
light indicates the numeric value of the peak light wavelength (i.e. the illuminatipf) infnanometres
(for narrow band illumination); the alphabetic character W indicates breoadbandl (nominally,
“white light”), the spectral response characteristics of which must impératively be defined or
specified in kelvin in parenthesis after the W designated by a numberfollowed by the letter K,
or have their source specification clearly referenced;
angle indicates the angle of incidence (an additional parameter) in degrees (relative|to the plane
of the symbol) of the illumination from four sides (as a default, unless another drientation is
specified by an application) - see Figure 1 and Figure 2,
The angle shiall be included in the specification of grading requirements when the angle of incidence is other
than 45° WHhile it may be included for 45°, its absence indicates that the specified angle of incidgnce is 45° by

default. App

The orientat]
may be spec
only one sid
equivalent t

EXAMPLE 1
the required
660 nm light

EXAMPLE 2

Other lightir
applications
[SO/IEC 291
lighting opti

5.5 Repos

ication specifications may specify a different angle,of incidence instead of leaving it blank.

ion of light refers to the number of directions;the default being four. Light from o
fied by appending the letter "T" to the angle,'such as 30T. The letter "S" may be use

. The letter "Q "may be used to indicatg four sides, but omitting it implies four sig
45 but 45Q is explicit regarding the erientation.

An application specification can specify a symbol quality requirement as 1,5/05/660 tg

ly two sides
d to indicate
les so 45Q is

indicate that

ymbol quality is 1,5 or higher obtained using an aperture size of 0,125 mm (reference numpber 05) with

ncident from 45° from four sidés.
Using a white light with(5400 K, the light source is 1,5/05/W(5400 K).

g options are definedin ISO/IEC 29158 which can be more appropriate for direct
especially in applications which utilize symbols marked on reflective substrate
58 should be specified by an application specification as the method of gradin
bns are preferred in an application.

'ting ef'symbol grade

A symbol gr:

art marking
5. Therefore,
b when such

ture used. It

idei's only meaningful if it is reported in conjunction with the illumination and ape}

should be shown in the format:

grade/aperture/light/angle
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where

grade indicates the symbol grade as defined in 5.3;

aperture indicates the aperture reference number (from ISO/IEC 15416 for linear scanning techniques,
or the diameter in thousandths of an inch (expressed to the nearest thousandth or a to higher
precision) of the aperture defined in 5.6.2;

light indicates the numeric value indicates the peak light wavelength (i.e. the illumination) in nano-
metres (for narrow band illumination); the alphabetic character W indicates that the symbol has
been measured with broadband illumination ("white light") the spectral response characteristics
of which must imperatively be defined or have their source specification clearly referenced;

angle indicates the angle afincidence (an additional paramnfnrj relative ta the p]anﬂ r\Fthe Symbol)

The angle sh
from the def
absence indi

The notatior
used to rep
application,

EXAMPLE 1
aperture (refd

EXAMPLE 2

measured wi
would need t
characteristid

EXAMPLE 3
(reference nu

NOTE Th
in or near the

5.6 Optic

5.6.1 Gen

of the illumination from four sides.

all be included in the reporting of the overall symbol grade when the angle‘ofinci
Qult orientation of 45° from four sides. While it may be included for the,déefault or
cates that the angle of incidence is 45° from four sides.

used to specify a minimum grade that is required in an application is similar to
prt a grade result, but the grading requirement specifies a{mihimum for the
Ivhereas the result specifies a specific occurrence of a grade produced by verifying

2,8/05/660 indicates that the overall grade was 2,8 and ,was’/obtained with the use o
rence number 05) and a 660 nm light source, incident at 452-from four sides.

2,8/10/W/30Q indicates that the grade of a symbokwgs 2,8 and was obtained with brq

h be accompanied either by a reference to the application specification defining the refey
s used for measurement or a definition of the speetral characteristics themselves.

2,8/10/670 indicates that the grade of a symbol was 2,8 and was obtained using a 0,250
mber 10), and a 670 nm light source, incident at 45° from four sides.

symbol. This has been removed in-this edition of this document.
hl setup and obtaining the test images

bral requirements

Equipment f]
measuring

pr assessing the quality of symbols in accordance with this clause shall compris

area which shall covér'the full height and width of the symbol including all quiet zones. All meas
a two-dimensionakmatrix symbol shall be made within the inspection area defined in accordan

lence differs
jentation, its

the notation
grade in an
a symbol.

fa 0,125 mm

adband light,

th light incident at 30° from four sides and usingta 0,250 mm aperture (reference nufber 10), but

ence spectral

mm aperture

e previous edition of this document defined the use of a * to indicate the presence of extrene reflectance

b a2 means of

nd analysing the variations in the reflectivity of a symbol on its substrate over an inspection

urements on
fe with 5.6.4.

The measurpdireflectance values shall be expressed in percentage terms by means of caljbration to a
reference reflectance standard traceable to National Measurement Institutes.

NOTE Maximum white diffuse reflectance is taken as 100 %.

The peak light wavelength or, in the case of applications designed for the use of broadband illumination,
the reference spectral response characteristics, should be specified in the application specification to
suit the intended scanning environment. Light sources may either have inherently narrow band or near-
monochromatic characteristics or have broad bandwidths. Special care is necessary when making
measurements with broadband illumination. The overall spectral response of the measurement and reading
systems shall be defined and matched in order to make accurate and repeatable measurements of the
grey-scale reflectance of a sample area that correlate with the intended system. Overall spectral response
includes the spectral distribution of the light source, the response of the detector and any associated filter
characteristics.

© ISO/IEC 2024 - All rights reserved
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Refer to Annex C for guidance on the selection of the light source.

5.6.2 Convolving with the measuring aperture

The measuring aperture is specified by the application specification to suit the X dimensions of the symbols
in the application and the intended scanning environment. The measuring aperture is applied by convolving
the raw image with a synthetic aperture and defined by a kernel of equal weights within a round area and
zero outside. The purpose of applying an aperture is

a)

b) to standardize the operation of verification devices, independent of the pixel density (resolution) of
each device.

to reduce the effect of small imperfections in the symbol, such as substrate texture and printing defects, and

NOTE Th
convolving ap

5.6.3 Geo

A reference ¢ptical geometry is defined for reflectivity measurements and consistSof:

flood ing
at interv
the insp
an angle

a light ¢
through

The light refl

Two principles govern the design of the optical set-up:

First, th
gamma
used to

e aperture can be a physical one, as is common for implementations of ISO/IEC 15416. In
erture is not to be confused with an aperture of a lens.

metry of the optical setup

ident illumination, uniform across the inspection area, from a setef four light sour
als of 90° around a circle concentric with the inspection area’and in a plane para
pction area, at a height which allows incident light to fall on'\the centre of the inspe]
of 45° (or another angle if specified for the application) to.its plane, and

ollection device, the optical axis of which is perpendicular to the inspection are
its centre, and which focuses an image of the test'symbol on a light-sensitive array

bcted from the inspection area (see 5.6.4) shall becollected and focussed on the light-se

e test image’s grey-scale shall be ngminally linear and not be enhanced in any w
Correction). Filters which modify.the spectral characteristics of the light source sh
Femove unwanted ambient lightyand/or to produce the spectral characteristics of

specifie
only w

n they are consistent with an application specification (see C.1.1) in which casg

any case, this

Ces arranged
lel to that of
ction area at

 and passes

nsitive array.

1y (such as a
ould only be
illumination

1 for an application (such as.a_particular narrow band). Other filters should be avdided or used

e it shall be

reported along with the grade.'A/filter that merely restricts the spectral components to {
wavelenigth need not be reperted, but one which introduces special effects, such as a UV
filter, shiall be reported. Imyany case where the use of a filter significantly affects a measi
usage of{the filter shallbe Teported along with the grade.

he specified
(ultraviolet)
irement, the

Second, [the imagé).resolution shall be adequate to produce consistent readings. Implementations
should Have sufficient resolution irrespective of the rotation, unless the manufacturer defihes handling
instructjons wiich restricts the angle of the symbol in relation to the camera sensor orientption.

NOTE1 Theconformance requirements in ISO/IEC 15426-2 are useful for confirming adequate resolyition.

Alternative optical arrangements may be used in an implementation, provided that the measurements
obtained with them can be correlated with the use of the reference or the specified optical arrangement. In
particular, the tolerances specified in ISO/IEC 15426-2 shall be met. Furthermore, application specifications
can establish alternative optical arrangements, in accordance with 5.4, which are better aligned to an
application and thus can result in different results than the reference optical arrangement.

Figures 1 and 2 illustrate the principle of the optical arrangement but are not intended to represent actual
devices; the magnification of the device in particular is likely to differ from 1:1.
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The general test set-up defined in this optical geometry should work suitably for many open applications
with methodology described in this document. However, for direct part mark applications, application
specifications should consider using ISO/IEC 29158 instead.

NOTE 2 ISO/IEC 29158 establishes an extension of the methodology described in this document and is more
appropriate for many direct part marking applications.

This reference geometry is intended to provide a basis to assist the consistency of measurement and does
not necessarily correspond with the optical geometry of individual scanning systems. As stated in 5.4,
specialised applications, and especially those involving direct part marking which employs physical changes
to the surface of the substrate for the creation of the graphic image, can require the angle of illumination in
particular to be set to a different particular angle, such as 30°, to the plane of the symbol. If an angle and/
or orientation, other than the default is used, then the angle of incidence and orientation of the light shall be
stated as a fourth parameter when reporting the overall symbol grade, as described in 5.5.

The modifiefl methodology that is specified in ISO/IEC 29158 intended for direct part markingfapplications
defines mor¢ illumination options and should be used in applications where diffuse lighting frqm four sides
does not proyvide adequate correlation with the requirements of a specialised applicatien:

3
Key
1 light senging element
2 lens providing 1:1 magnification (ie measurement 4 equals to measurement R)
3  inspection area
4 light sources
9  angle of incidence of light relative to plane of symbol (the default is equal to 45°, optionally 30° or 90° diffuse)

Figure 1 — Reference optical arrangement — Side view

© ISO/IEC 2024 - All rights reserved
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Key
L  lightsoufce
S symbol

Figure 2 — Reference optical arrangement — Plan view

5.6.4 Inspection area

The inspection area for all measurements shall be an area framing the complete symbol, inqluding quiet
zones. The centre of the inspection area shall be as close as practicable to the centre of the field|of view.

NOTE The inspection area is not the same as the field of view of the verifier, which is often larger.

5.6.5 Measurementconditions

A test imagd of the'symbol shall be obtained in a configuration that mimics the typical scannjng situation
for that sympol,(but with substantially higher resolution (see 5.6), uniform illumination and gt best focus.
The referende @ptical arrangement is defined in 5.6.3. Alternative optical arrangements are also discussed
in 5.6.3.

Measurements shall be made with the light of a single peak wavelength or a set of spectral characteristics,
in accordance with 5.4. Ambient light levels shall be controlled to have no significant influence on the
measurement results.

Whenever possible, measurements shall be made on the symbol in its final configuration, i.e. the
configuration in which it is intended to be scanned. The geometry of the optical setup described in 5.6.3 is
intended to prevent extreme reflectance values outside the symbol area (e.g. when surrounded by free air or
a highly specular reflective surface) from distorting the symbol contrast measurements.

© ISO/IEC 2024 - All rights reserved
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6 Measurement methodology for two-dimensional multi-row bar code symbols

6.1 General

The evaluation of two-dimensional multi-row bar code symbols shall be based on the application of the
methodology of ISO/IEC 15416, modified as described in 6.2.2 or 6.3, and if appropriate for the symbology,
on the application of the additional provisions described in 6.2.3, 6.2.4 and 6.2.5, to derive an overall symbol
grade. Ambient light levels shall be controlled in order not to have any influence on the measurement results.
The symbol shall be scanned using the light wavelength(s) and the aperture size specified in the appropriate
application specification.

When performing a measurement, the scan lines should

— beperp

pass, as
adjacent

In the case

o 1 4= 41 1 crlads. £l 1 a 4] 4= 4= A | 4= 1 4 |
NUItuldl tU LIIT TITIS U U LT UdD S TIT LT Stdl U dlTu STUP LIIAdT dL LTl S, dIlu

far as possible, through the centres of rows in order to minimise the effect of erd
rows.

bf area imaging techniques, a number of scan lines, perpendicular td.the heighf

and sufficient to cover all rows of the symbol, shall be synthesised to produce scah reflectanc

described in
6.2 Symb

6.2.1 Basi

The distingt
boundaries.
equivalent f
ISO/IEC 247
more than 1

ISO/IEC 15416.
plogies with cross-row scanning ability

s of grading

ishing feature of these symbologies is their ability to be read with scan lines th
Symbologies of this type typically also share.the feature that the start and stop
batures of the symbol, e.g. the row address-patterns of MicroPDF417 symbology
P8) are constant from row to row, or the position of only one edge in these patterns
K in adjacent rows of the symbol. Thesexsymbologies shall be graded with respect t

ss-talk from

of the bars
e profiles as

At Cross row
patterns (or
specified in
varies by no
D

the anal

ysis of the scan reflectance profile based on ISO/IEC 15416 (see 6.2.2),

the codgword yield (see 6.2.3),

the unuged error correction (see 6:24),

the coddword print quality (see 6.2.5), and

the scar he specified

aperture.

reflection profiles that are produced from the raw image by convolving with t

6.2.2 Gradle based on analysis of scan reflectance profile

The start and stop’or equivalent (e.g. row address) patterns of the symbol shall be evaluated i accordance
with ISO/IE( 15416. Regions with data content are evaluated separately as described in 6.2.3, 6.2.4 and 6.2.5.
Test scans of the start and stop patterns shall be graded using all parameters specified in ISO/IEC 15416.The
effective aperture size is specified in the appropriate application specification or is the default aperture size
appropriate for the symbol X dimension given in ISO/IEC 15416.

For the analysis of the scan reflectance profiles, the number of scans should be ten or the height of the symbol
divided by the measuring aperture if this quotient is less than ten. Scans should be approximately evenly
spaced over the height of the symbol. For example, in a twenty-row symbol, the ten scans can be performed
in alternate rows. In a two-row symbol, up to five scans can be performed in each row, at different positions
in the height of the bars. The symbology specification can give more specific guidance on the selection of the
scans to be used.

The methods given in ISO/IEC 15416 shall be used to identify bars and spaces and the edge locations. For the
evaluation of the parameters ‘decode’ and 'decodability’ the reference decode algorithm for the symbology
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shall be applied. Each scan shall be graded as the lowest grade for any individual parameter in that scan. The
grade based on scan reflectance profiles shall be the arithmetic mean of the grades for the individual scans,
as defined in ISO/IEC 15416.

The measurement of print growth or loss may be used for process control purposes. However, this method is
not sensitive to printing variations parallel to the height of the start and stop characters. If a full analysis of

the printing

process is desired, symbols should be printed and tested in both orientations.

6.2.3 Grade based on codeword yield

6.2.3.1 Overview of method

Grade based on codeword yield measures the efficiency with which linear scans can recover data from a

two-dimens
expressed a
tilt). A poor
quality prob

6.2.3.2 Qu

Obtain a ma
the unused ¢
symbol" use

An individud

onal multi-row symbol. The codeword yield is the number of validly decodeq

a percentage of the maximum number of codewords that can be decoded (after
codeword yield, for a symbol whose other measurements are good, can indicate 3
em (such as those shown in Table B.1).

alifying scans
rix of the correct symbol character values, such as would result from successful ¢

d in subsequent steps to determine validly decoded codewords.

1 scan qualifies for inclusion in the codeword yield calculation if it meets either of

two conditi

a)

b)
and stoq]

[tis importa

As examples
matching pa
reference de
no codewortd

NOTE A
as a qualified
also decoded,

The scan did not include recognised portions of either.the top or the bottom row of the syn
one of the start or stop (or row address) patterns shall*have been successfully decoded fra
togetherf with at least one additional codeword or the corresponding second start or sto
row addjress pattern.

The scan included recognised portions of either the top or the bottom row of the symbol. B

ns.

patterns of the symbol shall havebeen successfully decoded from that scan.

a linear search for a matching pair of PDF417 start and stop patterns, or a linear
ir of MicroPDF417_flew indicator patterns, would fulfil this requirement for scar
code algorithm alone did not decode both patterns; thus, this extension can qualify
s, other than theymatched end patterns, were decoded.

can that cantains only a single decoded start or stop pattern found by this linear search d
scan, if 1o other codewords or corresponding second start or stop pattern, or row addres

codewords
hdjusting for
Y-axis print

pmpletion of

error correction (UEC) calculations (see 6.2.4). This matrix-is used as the "final decode of the

he following

hbol. At least
m that scan,
h pattern, or

oth the start

ht to note that an extension'te-the symbology’s reference decode algorithm is required, in order
to detect andl decode a pair of start and:stop patterns when neither of the adjacent codewords

s decodable.
search for a
s where the
h scan where

oes not count
s pattern, are

6233 D

cading the symbol comnletelvand nonulating the syumbol matrix
=] 4 r 4 r r O 4

For each qualified scan, compare the codewords actually decoded with the codewords in the symbol matrix
and count the number of codewords that match. Accumulate the total number of validly decoded codewords,
and update a count of the number of times each codeword of the symbol has been decoded and a count of the
number of times each row has been detected. Record a count of the number of detected row crossings in each
scan (a crossing is “detected” when a scan line yields correctly-decoded codewords from adjacent rows).

6.2.3.4 Calculation and grading

After processing each scan, calculate the maximum number of codewords that can have been decoded thus
far, as the number of qualified scans multiplied by the number of columns in the symbol (excluding the fixed
patterns, such as the start and stop patterns of PDF417 or the row address indicators of MicroPDF417).
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The entire symbol shall be scanned multiple times until three conditions are met:

a) the maximum number of codewords that can be decoded is at least ten times the number of codewords
in the symbol,

b) the highest and lowest decodable rows (which is not necessarily the first and last rows) of the symbol
have each been scanned at least three times, and

c¢) atleast 0,9:n of the codewords (data or error correction) have been successfully decoded two or more
times, where n is the number of non-error-correction data codewords in the symbol.

EXAMPLE Taking a PDF417 symbol with 6 rows and 16 columns and error correction level 4, the total number
of codewords is 96, of which 64 are data and 32 error correction. To fulfil condition a), the maximum number of
codewords that can be decoded is at least 960. To fulfil condition c), since n is 64, at least 58 of the codewords have to
be decoded tyree-orrore{0:9%-64-=5763

If the ratio of the total number of validly decoded codewords to the total number of detected tow crossings is
less than 10:[1, then discard the measurements just obtained, and repeat the measurement procdss, adjusting
the tilt anglg of the scan line to reduce the number of row crossings.

Otherwise, §o compensate for any residual tilt, subtract the number of detected)row crossings from the
calculated maximum number of codewords that can be decoded.

Codeword yleld shall be graded from 4,0 to 0, rounded down to the nearést0,1, in between grfade levels in
accordance With Table 2. For example, for codeword yield of 0,70 shall result in a grade of 3,8 and a codeword
yield of 0,54|shall result in a grade of 1,5.

Table 2 — Grading of codeword yield

Codeword yield Grade
271 % 4,0
64 % and <71 % 3,0to 3,9
>57 % and <64 % 2,0to0 2,9
>50 % and <57 % 1,0to 1,9
240 % ands<50 % 0,0to 0,9
<409 0,0

6.2.4 Grade based on unused error correction

Decode the |symbol completely and process scans until the number of decoded codewords stabilises.
Calculate th¢ UEC as

1:0 - [(e it Zt) /Ecap]

where

e is the number of erasures;
t is the number of errors;

E,p is the error correction capacity of the symbol (i.e. the number of error correction codewords minus
the number of error correction codewords reserved for error detection).

If no error correction has been applied to the symbol, and if the symbol decodes, unused error correction
shall be taken as 1. If (e + 2t) is greater than E,,, unused error correction shall be taken as 0. In symbols
with more than one (e.g. interleaved) error correction block, the unused error correction shall be calculated
for each block independently and the lowest value shall be used for grading purposes. The unused error
correction shall be graded as shown in Table 3 on a scale from 4,0 to 0 rounded down to the nearest 0,1.
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Table 3 — Grading of unused error correction

Unused error correction Grade
>0,62 4,0
20,50 and <0,62 3,0to 39
>0,37 and <0,50 2,0t0 2,9
>0,25 and <0,37 1,0to 1,9
>0,20 and <0,25 0,0t0 0,9
<0,20 0,0

6.2.5 Grade based on codeword print quality

The approac
be made for

symbol qual
and modulat
graded in ac

This approa

h detailed in this subclause provides additional diagnostic information and enables
he effect of error correction in masking less than perfect attributes of the symbol t
ty, by applying an overlay technique as described in Annex E. It enables the decodal
ion parameters of scan reflectance profiles covering the entire data region of the
fordance with ISO/IEC 15416.

th uses the following procedure for the assessment of each of the three parameter;

with more than one (e.g. interleaved) error correction block, it shall be applied’to each block in

and the lowsd

The entire s

st value shall be used for grading purposes.

ymbol shall be scanned until 0,9-n codewords (where n is<the number of non-errg

data codewaorrds in the symbol) have been decoded ten times or untilitis certain that each codew

scanned at l¢
parameters

of all three f
scan line. TH
codeword is

Where the 1
example row
overhead ch
the rows im
any of these
moderate th
grade is hig}
grade shall

modified to

upon in Annf

For each pa
steps of 0,1

with the err
characters 11

bast once without inter-row interference. In each scan, the decodability, defects ang
bhall be measured in each symbol character in accordance with ISO/IEC 15416. Th
arameters shall be based on the value of symbol contrast obtained from R, ,, and
the highest codeword grade for that parameter obtained on any scan for that codey

ows include overhead characters (other than the start and stop, or equivalent g
r indicators in PDF417 symbols, thdt’are not included in the error correction calcy
hracters shall be assessed first for each row together with the corresponding cha
mediately above and below the-row being considered. The highest interim codewq
5ix (or four, in the case of the'top or bottom row) characters shall be the overhead g
e interim codeword grades for the codewords in the row. If a data codeword's interf
er than the grade obtained by the overhead characters, the data codeword's inte
pe reduced to thetoverhead grade. The interim parameter grades so obtained
hllow for the influence of error correction, as described in the next paragraph, an
px E and in Table.

fameter,tlie cumulative number of symbol characters achieving each grade fron

pllowance to
hat influence
ility, defects
symbol to be

. In symbols
dependently

r-correction
ord has been
modulation
e calculation
R _. in that

min

e interim codeword grade of each parameter (modulation, defects and decodability) for each

vord.

atterns), for
lation, these
racters from
rd grade for
rade used to
m codeword

all then be
expounded

r%rln codeword

n 4,0 to 0 in

br a higher grade, and those not decoded, shall be counted, and the counts shall e compared

br cdrpection capacity of the symbol. For each of these 41 grade levels, assuming th
ot‘achieving that grade or a higher grade are erasures, a notional grade shall bg

ht all symbol
derived for

unused erro

[ correction, on a scale of 4,0 to U 1n steps of U,1, as described 1n 6.Z2.4, based on the percentage

thresholds shown in Table 3. The codeword interim grade for each grade level shall be the lower of the grade
level and the notional unused error correction grade. The final codeword parameter grade for the symbol
shall be the highest codeword interim grade for all grade levels.

NOTE 1

This notional grade is not related to and does not affect the unused error correction grade for the symbol

as calculated according to 6.2.4, but it is a means of compensating for the extent to which error correction can mask
imperfections in a symbol. If one symbol has higher error correction capacity than another symbol, then the former
symbol can tolerate a greater number of codewords with poor values for the parameter in question than the latter
symbol. See Annex E for a more detailed description of the approach.

Table 4 shows an example of grading one parameter in a symbol containing 100 symbol characters
(codewords) with an error correction capacity of 32 codewords. The 100 codewords consist of 68 data
codewords, 3 error correction codewords reserved for error detection and 29 error correction codewords
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to be used for correcting erasures or errors, giving an erasure correction capacity of 29. The final codeword
parameter grade would be 1,2 for the parameter concerned (the highest value in the right-hand column).

NOTE 2

A similar calculation is performed for parameter modulation, defects and decodability.

Table 4 — Example of codeword print quality parameter grading in symbols with cross-row

scanning ability with the overlay procedure in Annex E

MOD/defect/ | Number of Cumulative number |Remaining codewords Notional Notional | Notional Codeword
decodability |codewords at| of codewords atgrade | treated as erasures | UEC capacity UEC UECgrade | interim grade
grade level | gradelevela level a or higher (100 -b) (29-0) (lower of a or d)
a b c % d e
4 30 30 70 (exceeded) <0 0 0
39 6 36 64 (exceeded) <0 0 0
3,8 1 37 63 (exceeded) <0 0 . 0
D%
3,7 1 38 62 (exceeded) <0 0 (\\Sl, 0
3,6 0 38 62 (exceeded) <0 j 6]/ 0
3,5 1 39 61 (exceeded) <0 N 0
3,4 0 39 61 (exceeded) <0 (A 0 0
3,3 0 39 61 (exceeded) | <0 ] 0 0
3,2 1 40 60 (exceeded) <<>d 0 0
3,1 2 42 58 (exceeded)~\ > <0 0 0
3,0 3 45 55 (exceeded) <0 0 0
2,9 4 49 51 (excéeded) <0 0 0
2,8 4 53 47 exceeded) <0 0 0
)
2,7 3 56 44 A (exceeded) <0 0 0
2,6 2 58 42 \\‘ (exceeded) <0 0 0
2,5 1 59 a1 O (exceeded) <0 0 0
2,4 1 60 ﬁf@ (exceeded) <0 0 0
2,3 0 60 &40 (exceeded) <0 0 0
2,2 0 60 & 40 (exceeded) <0 0 0
2,1 0 60 N 40 (exceeded) <0 0 0
2,0 1 61 \I\j" 39 (exceeded) <0 0 0
19 2 63 '_\§ 37 (exceeded) <0 0 0
1,8 3 66 \J 34 (exceeded) <0 0 0
1,7 3 @9 : 31 (exceeded) <0 0 0
16 2 _On 29 0 0 0 0
1,5 1 N\ 72 28 1 3,45 0 0
N
1,4 0 .\ 72 28 1 3,45 0 0
\Y
1,3 50 77 23 6 20,7 0 0
1,2 C R‘ 81 19 10 34,5 1,7 1,2
\/
1,1 \\Q/ 5 86 14 15 51,7 3,1 1,1
1,0 T 87 T3 16 55,2 SE:] 1,0
0,9 0 87 13 16 55,2 3,4 0,9
0,8 0 87 13 16 55,2 3,4 0,8
0,7 0 87 13 16 55,2 3,4 0,7
0,6 0 87 13 16 55,2 3,4 0,6
0,5 0 87 13 16 55,2 3,4 0,5
0,4 0 87 13 16 55,2 3,4 0,4
0,3 0 87 13 16 55,2 3,4 0,3
0,2 0 87 13 16 55,2 3,4 0,2
0,1 0 87 13 16 55,2 3,4 0,1
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Table 4 (continued)
MOD/defect/ | Number of Cumulative number |Remaining codewords Notional Notional | Notional Codeword
decodability |codewords at| of codewords at grade | treated as erasures | UEC capacity UEC UEC grade | interim grade
grade level | gradelevela level a or higher (100 -b) (29-0) (lower of a or d)
a b c % d e
0 0 87 13 0.00 55,2 3,4 0
not decoded 13 100 0 29 100 4 0
Parameter grade (highest value of e): 1,2

6.2.6 Overall symbol grade

The overall symbol grade shall be the lowest of the grade based on analysis of the scan reflectance profile in
accordance with 6.2.2, and the grades based on codeword yield, unused error correction and each codeword

parameter g
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ure 3'— Grading process for multi-row symbols with cross-row scanning abi1ity

6.3 Symbologies requiring row-by-row scanning

The distinguishing feature of these symbologies is that they require a scan line to traverse a complete row
from start to stop pattern (or in the reverse direction) without crossing into an adjacent row and that they
require all rows to be scanned.

Each row shall be evaluated in accordance with ISO/IEC 15416 as though it were a separate symbol. Scan
lines shall pass through the inspection band of the central 80 % of the height of each row, as specified in
ISO/IEC 15416, in order to minimise the effects of cross-talk from adjacent rows. The number of scans per
row should be the lower of ten, or the inspection band height divided by the aperture diameter. The overall
symbol grade shall be the lowest overall grade obtained for any row.
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7 Measurement methodology for two-dimensional matrix symbols

7.1 Overview of methodology

The measurement methodology defined in this clause is based on reflectivity and dimensional measurements
and is intended to correlate with conditions encountered in two-dimensional matrix scanning systems.

The method starts by obtaining the raw image, as described in 5.6, which is a high-resolution grey-scale
image of the symbol captured under controlled illumination and viewing conditions. The raw image is
then converted into a reference grey-scale image, by convolving the raw image with a specified aperture.
A binarised image is produced from the reference grey-scale image by applying a specially computed
threshold (see Annex A), and this binarised image is then analysed by the reference decode algorithm of the
applicable symbology to determine a grid of module centres. The grades for the parameters: decode, axial
nonuniform%Ey, grid nonuniformity and unused error correction, are determined irom the, results of the

reference dejcode algorithm. The grades for the parameter symbol contrast is measured frony ghe reference
grey-scale itnage within the symbol region including its quiet zones that is determined-by the reference
decode algotithm. The reference grey-scale image is examined at the module centredecationd determined
n and fixed

by the refersg
pattern dam|

NOTE Th
of the symbol
symbol grade
and indicatin

nce decode algorithm to obtain values used for grading the parameters:\modulati
ge. These steps are described in greater detail in 7.2 to 7.6.

e previous edition of this documentrecognised possible extreme refleetance values in the n
which can interfere with reading; however, only their presence was'indicated in the report
by the use of an asterisk (*) character. This edition of this document'removes the process

b the presence of extreme reflectance and recommends the use of ISO/IEC 29158 in applica

pighbourhood
of the overall
frecognizing
fions in which

there is concgrn regarding the effect of extreme reflectance on reading performance.

In addition, print growth or loss may be measured and graded-according to 7.5.10.

grade is the lowest grade achieved for these<parameters and any others specifie
r application.

The symbol ] for a given

symbology g

7.2 Testimages

7.2.1 Rawimage

The raw imajge consists of the actual reflectance values for each pixel of the light-sensitive array, from which

are derived the reference grey-scale/dmage and the binarised image.

7.2.2 Refdrence grey-scale image

| reflectance
old and then

The referende grey-scale image is obtained from the raw image by processing the individual pixe
values through a syntheticaperture as defined in 5.6.2. It is used for the calculation of a thresh
to generate the binarizéd image.

7.2.3 Bingrised’image

The binarised image is obtained from the reference grey-scale image by applying a threshold determined in
Annex A. It is analysed by the reference decode algorithm of the applicable symbology to determine a grid of
module centres and for the assessment of the parameters decode, axial nonuniformity, grid nonuniformity,
and unused error correction.

NOTE The threshold is an optimized value based on a histogram of reflectance levels, not the mid-point between
Raxand R ;. as previously defined in a past edition of this document.
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7.3 Reference reflectivity measurements

7.3.1 Application specification defines the aperture size

An application specification should specify an aperture size as defined in 5.4. An aperture size in the range
of 50 % to 80 % of the smallest X dimension to be encountered in an application is recommended (but in all
cases is defined by the application specification). In an application where symbols of differing X dimensions
will be encountered, the application specification should either

a) ensure that all measurements are made with the aperture appropriate to the smallest X dimension to be
encountered, or

b) specify more than one acceptance criteria with a different aperture size in each acceptance criteria.

An applicatign specification has full discretion to define any number of acceptance criteria. Thif is normally
the symbol |grade along with other conditions defined in 5.4. When more than one criterign (e.g. with
different apgrtures and a minimum allowed grade) is offered in an application specification, the gpecification
shall define fhe acceptance logic. One option is to accept the symbol when one criterion pass¢s. The other
option is that both (or more) specified criteria shall pass. However, it is not advisable for an application
specificatior] to allow more than one lighting angle and wavelength because these physical attributes of a
verifier are ot mutable.

NOTE1  Sirce the synthetic aperture can be modified in software in practicakverifier implementations, this allows
a higher flexibility of synthetic aperture definitions within an application specification.

EXAMPLE 1 | The acceptance criteria using an aperture size appropriate to the smallest X dimension to be
encountered js:

1,5/P8/660/45

In this case, aJgrade of 1,5 or higher must be obtained with araperture of 08.

EXAMPLE 2 | The acceptance criteria using a variable aperture dependent upon the measured nominal nodule size is:
1,5/80 %/660/45Q

In this case, ap aperture of 80 % of the measured)Z dimension is to be used.

EXAMPLE 3 | The acceptance criteria usingtwo aperture sizes with different minimum acceptable grades is:
1,5/10/660/45 OR 0,5/20/660/45

In this case, a|[symbol that obtains\a-grade of either

a) agrade of 1,5 or highertmeasured with an aperture of 10, or

b) agrade of 0,5 or highler measured with an aperture of 20 is acceptable.

In applicatigns in;'which a single aperture size or lighting does not adequately predict the scanning
performancg,.thie use of ISO/IEC 29158 may be chosen over this document alone.

7.4 Grading procedure

The grading procedure is as follows.

— Centre the symbol in the field of view or region of interest.

— Capture the raw image (see 7.2.1).

— Apply the aperture defined in 5.6.2 to the raw image to create a reference grey-scale image (see 7.2.2).

— Acircularareain the reference grey-scale image with a diameter 20 times the aperture diameter, centred
in the region of interest, shall be used to find the initial threshold in accordance with Annex A.
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Create a binarised image (see 7.2.3), find the symbol and perform an initial decode.

Once the symbol has been decoded, compute a new threshold in accordance with Annex A within the
reference grey scale of the image. The area taken into account is only the symbol including its quiet

zones. Also compute a revised, or final, R

referenc

max and Rmin'

e grey-scale image.

according to 7.5.3 within the inspection area of the

Create a new binarised image using this new threshold. Perform a final decode using the applicable

reference decode algorithm to determine the definitive grid of module centres for the symbol.

7.5

Calculate all graded parameters of the symbol based on information in the foregoing steps.

Image assessment parameters and grading

7.5.1 Use

The symbol
verification |

of the symbd
It locate

It detern]
used in

It adapti
It detert]
[t perfor
— Itattem

These functi

If this docun
this should h

7.5.2 Decq

The decode
correct to b
shall be use
processing t

If the image
algorithm cg
codewords 3

of reference decode algorithm

bgy reference decode algorithm found in the symbology specification is to be

| quality parameters.
5 and defines the area covered by the test symbol in the image.

hines reference points from the fixed patterns of the symbol, typically the extreme g
fonstructing an ideal grid for measuring GNU.

vely creates a grid mapping of the data module nominalycentres so as to sample thg
hines the nominal grid centre spacings in each axis of the symbol (the symbol X din
ms error correction, detecting if symbol damage has consumed any of the error ca
bts to decode the symbol.

bns each facilitate the determination.of'one or more of the parameters described in 7

ent is applied to a symbology fer which there is no standard reference decode alg
e noted in the verification report, along with the overall grade.

bde

parameter tests,-on*a pass or fail basis, whether the symbol has all its features
e readable by the’ reference decode algorithm. The symbology reference decoc
l to decode_the Symbol by computing the module centre positions on the grid de
he binarised image.

cannetsbe decoded using the symbology reference decode algorithm (even if a
n be.wsed to decode it), then it shall receive the failing grade 0. In the case of succe

used in the

brocess. The reference decode performs the following tasks needed for subsequent mieasurement

orners, to be

m.
nension).

bacity.

5.2 t0 7.5.11.

orithm, then

sufficiently
e algorithm
termined by

proprietary
tsful decode,
becifications

re.ehecked to confirm that the codewords are valid according to the symbology s

(e.g. invalid order, pad characters or use of undefined values are not valid). If any invalid encodation is
detected, the decode shall also receive grade 0. Otherwise, it shall receive the grade 4.

7.5.3

For the purp

Computing R

max and Rmin

oses of Clause 7, R i,

shall be computed as the average of the brightest 1 % of the pixels in the inspection area.

NOTE
descriptions i

These descriptions of R

max and Rmin
n Clause 6; they apply only to Clause 7.

© ISO/IEC 2024 - All rights reserved
18

shall be computed as the average of the darkest 1 % of the pixels and R,

X

differ from those in the previous edition of this document and from the


https://iecnorm.com/api/?name=13c93fdeda7b4b574cec622484fccbfd

ISO/IEC 15415:2024(en)

7.5.4 Symbol contrast

The symbol contrast parameter measures the two reflective states in the symbol, namely light and dark,
and the grade indicates the degree to which they are distinct within the symbol.

Symbol contrast (SC) is the difference between R, and R, ;, values determined as described in 7.5.3:
ARgc = Ripax — R

min

Symbol contrast shall be graded on an interpolated scale from 4,0 to 0 and rounded down to the nearest 0,1
as shown in Table 5.

Table 5 — Symbol contrast grading

Symbol contrast Grade
270 % 4,0
>55 % and <70 % 3,0to0 3,9
>40 % and <55 % 2,0to29
>20 % and <40 % 1,0to 19
>15 9% and <20 % 0to 0,9
<15% 0,0

7.5.5 Modulation and related measurements

7.5.5.1 Mg¢dulation

Modulation [is a measure of the uniformity of reflectance of the dark and light modules fespectively.
Factors such as print growth or loss, misplacement of @, module relative to the grid intersection, the optical
characteristjcs of the substrate and uneven printing:can reduce the absolute value of the differejnce between
the reflectapce of a module and the threshold. Adew modulation can increase the probability| of a module
being incorrgctly identified as dark or light.

For symbolggies that utilize error corréction, some incorrectly identified modules may pe tolerated
within the drror correction capacity.of the symbol, so the grade assigned to modulation takes this into
account. Furthermore, modules that'have reflectivity close to the threshold and therefore may| have higher
probability §o be incorrectly identified as dark or light, are also taken into account. Thereforg, grading of
modulation 1s closely related tosthe grading of unused error correction, as explained below and in Annex E.
While modullation is graded.only considering the data modules within the symbol, the value$ of MOD for
modules within the fixed pattern are used to grade fixed pattern damage.

The value of[MOD for-€ach module is calculated from the reference grey-scale image value, R, atleach module
centre (detefmined\by applying the symbology reference decode algorithm to the binarised image), R,
R, and the|thréshold as follows:

N dac whaoca caorract ctatoic liaght:
for modHessvhosecorrectstateis-Hoht:

Myop=@R-T)/ (Ryay-T) for R=Tand R<R,,
Myop = 100 for R= R,
Myop=0forR<T

— for modules whose correct state is dark:
Myop=(T-R)/(T-R,;,) forR<Tand Rz R,
Myop =100 for R< R,
Myop=0forR=T
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the modulation value for the module;

the threshold computed by Annex A over all the pixels within the symbol area;
the average maximum reflectance determined in accordance with 7.5.3;

the average minimum reflectance determined in accordance with 7.5.3.

is the reflectance of the module, given by the reference grey scale image at the module centre;

Assign the grade level for each module in accordance with Table 6. For each codeword, select the minimum
modulation grade of all modules in the codeword. Since My, will be zero for all modules which are detected

as a module
grade shall g

Since gradeg
cumulative
correction c

For each grg
derive a not
the notional

NOTE1 Th
means of conj
has higher er
codewords w

Then the mo
the symbol ¢
independent]

Tables 7 and
10 of which

error (i.e. R higher than T for a dark module or R is lower than T for a light module]
Iso be 0 for those modules.

Table 6 — Module grading for modulation

MOD Module grade

20,50 4,0
20,40 and <0,50 3,0to03,9
20,30 and <0,40 2,0to29
20,20 and <0,30 1,0 to.1,9
20,175 and <0,20 0,0to’0,9

<0,175 0,0

are assigned on a scale from 4,0 to 0 in steps of 0,1, there are 41 possible grad
humber of codewords achieving each grade shall be counted and compared wi
hipacity of the symbol as follows:

de level, assuming that all codewards not achieving that grade or a higher grad
onal unused error correction grade as described in 7.5.9. Take the lower of the gr3
UEC grade.

is notional grade does notaffect, the UEC grade for the symbol as calculated according tg
pensating for the extent to/which error correction can mask imperfections in a symbol.
for correction capacity than another symbol, then the former symbol can tolerate a grea
th low modulationthian the latter. See Annex E for a fuller description of the approach.

Hulation grade for the symbol shall be the highest of the resulting values for all grade
onsists of more than one (e.g. interleaved) error correction block, each block shall
ly and theJoewest grade for any block shall be taken as the modulation grade of the s

8,show examples of grading modulation in a data matrix symbol containing 18
areserror correction codewords with a capacity to correct up to 5 errors in a

, the module

levels. The
h the error

P are errors,
ide level and

7.5.9, butis a
[f one symbol
fer number of

levels. When
be assessed
ymbol.

codewords,
single error

correction b

OCR. T he modulation grade of the symbot I Tabte 7 15 2,2 (the highestvatue tm t

e right-hand

column) because that is the notional UEC grade for all levels of My;q codeword grade greater than 2,2. The
modulation grade in Table 8 is 3,4 because the notional UEC grade is greater than 3,4 for all MOD levels

below 3,4.

NOTE 2

document merges these into one parameter called modulation.
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Table 7 — Example of modulation grading in a 2D matrix symbol with the overlay procedure in Annex E

MOD Number of Cumulative num- | Remaining code- Notional Notional UEC | Notional UEC | Codeword inter-
codeword codewords ber of codewords | words treated as | UEC capacity grade im grade (lower
grade level atlevel a atlevel a or higher errors (18 - b) (10-¢) d thana ord)
a b c e
4,0 10 10 8 exceeded <0 0 0
39 5 15 3 2 0,40 2,2 2,2
3,8 0 15 3 2 0,40 2,2 2,2
3,7 0 15 3 2 0,40 2,2 2,2
3,6 0 15 3 2 0,40 2,2 2,2
3,5 0 15 3 2 0,40 2,2 2,2
(21 rows: - - : (Z1n each (0201n each (Z,Z1n each »Yy
34t01,4) 0 in each row) (15 in each row) (3 ineachrow) row) row) row) n‘>£ P,2 in each row)
1,3 0 15 3 2 0,40 220" 1,3
1,2 0 15 3 2 0,40 @2V 1,2
-~
1,1 0 15 3 2 0,40 ‘\('\2,2 1,1
1,0 0 15 3 2 0,40 D 22 1,0
0,9 1 16 2 3 0,60 C) 3,8 0,9
0,8 0 16 2 3 3,8 0,8
0,7 1 17 1 4 (oo 4,0 0,7
0,6 0 17 1 4+ |NZ oso 4,0 0,6
0,5 0 17 1 4 O 080 4,0 0,5
Vi
0,4 0 17 1 X 0,80 4,0 0,4
0,3 0 17 1 Z/ 0,80 4,0 0,3
7 N
0,2 17 1 S 0,80 4,0 0,2
\ <
0,1 17 1 QQ 0,80 4,0 0,1
-
0 1 18 R\ 5 1,00 4,0 0
%) Modulation grade (highest
\ 2,2
A value of e): ’
£
\\J
Table 8 — Example of modulation g@hg in a 2D matrix symbol with the overlay procedurp in Annex E
C.
MOD Number of Cumulative nirm- Remaining code- | Notional UEC | Notional UEC | Notional UEC | Codeword inter-
codeword | |codewordsat | ber of codewords | words treated as capacity grade im grade (lower
grade level level a atley, higher errors (18 - b) (5-9) thana or d)
a Ve b c d e
4,0 10 w10 8 Exceeded <0 0
39 5 O_.\ 15 3 2 0,60 2,2 2,2
3,8 0. 15 3 2 0,60 2,2 2,2
3,7 . (‘[-)): 15 3 2 0,60 2,2 2,2
3,6 0 15 3 2 0,60 2,2 2,2
3,5 —0 15 3 7 0,60 ) 2,2
3,4 3 18 0 5 1,00 4,0 3,4
3,3 0 18 0 5 1,00 4,0 3,3
3,2 0 18 0 5 1,00 4,0 3,2
(28 rows: 3,1 . . . (51in each (1,00 in each (4,0 in each
..0,4) (0 in each row) (18 in each row) (0 in each row) row) row) row) (3,1t0 0,4)
0,3 0 18 0 5 1,00 4,0 0,3
0,2 0 18 0 5 1,00 4,0 0,2
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Table 8 (continued)
MOD Number of Cumulative num- | Remaining code- | Notional UEC| Notional UEC | Notional UEC | Codeword inter-
codeword codewords at | ber of codewords | words treated as capacity grade im grade (lower
grade level level a atlevel a or higher | errors (18 - b) (5-9 than a or d)
a b c d e
0,1 0 18 0 5 1,00 4,0 0,1
0 0 18 0 5 1,00 4,0 0
Modulation grade (highest 34
value of e): !

7.5.5.2 Reporting contrast uniformity

Take the lowest value of MMOD of any module in the data reglon of the symbol as computed in 7.5.5.1 and

reportitas dor
process contirol, because it is the worst—case modulation found in any data module w1th1n the'sy

NOTE
value of Mo

Coptrast uniformity is non-zero only when unused error correction is 100 % since etherwis
will be zero.

7.5.6 Fixed pattern damage

This parameter grades damage to the finder pattern, quiet zone, timitig, navigation and
patterns in 4 symbol that can reduce the ability of the reference decode algorithm to locate
the symbol yvithin the field of view. The particular patterns to be censidered and the amount

esting and for
mbol.

e at least one

other fixed
and identify
s of damage

correspondihg to the various grade thresholds must be specified independently for each symbology. Fixed

pattern damjage (FPD) shall be graded using the rules appropriate to each symbology, usi
specified in the applicable symbology specification or, for the;maxicode symbology specifically
in ISO/IEC 15415:2011, Clause A.3.

Fixed patterjn damage is evaluated in terms of the number of modules with low modulation

that appear gs the inverse of the intended colour in thefeature (or part of the feature) concern
value of eaclp
(in the rangg of 0 through 4,0 in steps of 0,1)-@ecording to Table 6. This way, the fixed pattej
graded on a fontinuous scale between 4,0 and-0,0 rounded down to the nearest 0,1.

7.5.7 Axidl nonuniformity

Two-dimensjonal matrix symbols-include data fields of modules nominally lying in a regul
grid, and anly reference decode-algorithm must adaptively map the centre positions of those
extract the dlata. Axial nonuniformity (ANU) measures and grades the spacing of the mapping
the sampling points, or intersections of the grid obtained by applying the reference decode
the binarisefl image, in-the direction of each of the grid’s major axes. Axial nonuniformity test
scaling of the symbolwhich would hinder readability of the symbol.

The spacing$ between adjacent sampling points are independently sorted for each polygonal a

hg the rules
as specified

ind modules
bd. The MOD

module in the fixed pattern is calculatéd as defined in 7.5.5.1 and is assigned a module grade

n damage is

hr polygonal
modules to
F centres, i.e.
hlgorithm to
s for uneven

xis, then the
pf how much

average spadidgs Xayc, Yave, - along each axis are computed. Axial nonuniformity is a measure

Mpny = abs(Xpyg -

Yave) / [(Xave + Yave) / 2]

where abs() yields the absolute value.

If a symbology has more than two major axes, the axial nonuniformity is computed for those
spacings which differ the most.

Axial nonuniformity shall be graded as shown in Table 9.
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Table 9 — Axial nonuniformity grading

Axial nonuniformity Grade
<0,06 4,0
<0,08 and >0,06 3,0t039
<0,10 and >0,08 2,0t02,9
<0,12 and >0,10 1,0to 19
<0,14 and >0,12 0,0to 0,9
>0,14 0,0

7.5.8 Grid nonuniformity

Grid nonuni

determined

theoretical 1

Using the re|
data area of

the same no
that defines

purpose of g
position of 3

grading pur

Grid nonuni

7.5.9 Unu

The unused

eroded the 1

|

formity (GNU) measures and grades the largest vector deviation of the gridni
by the reference decode algorithm from the binarized image of a given symbol, fro
osition.

ference decode algorithm for the symbology, plot the positions of all grid interse
the symbol and compare these positions with the ideal grid in a theovetical perfe
minal dimensions. The ideal grid is evenly spaced and based on the minimum num
the symbols borders or axes. The symbology specification should define these p
rading the grid nonuniformity. The greatest distance between the actual and th
ny intersection, expressed as a fraction of the X dimensionof the symbol, shall
oses.

rmity shall be graded as shown in Table 10.

Table 10 — Grid nonunifermity grading

Grid nonuniformity Grade
<0,38 4,0
<0,50 and >0,38 3,0to0 3,9
<0,63 and >0,50 2,0to 2,9
<0,75 and >0,63 1,0to 1,9
50,75 0,0
NOTE .Theé GNU grade is zero whenever the GNU value
exceeds, 0,75 with no gradual change between 1,0 and 0.

lsed error correction

Prror correCtion parameter tests the extent to which regional or spot damage in th
eading'safety margin that error correction provides. Unused error correction is g

htersections,
m their ideal

rtions in the
ct symbol of
ber of points
pints for the
b theoretical
be taken for

e symbol has
raded based

on the amoulnt of error and erasures found by the reference decode algorithm. The amount of yinused error

correction ig

MUEC = 1,0 - [(e + Zt) /E

where

is

is

cap

calculated as

cap]

the number of erasures;

the number of errors;

the number of error correction codewords reserved for error detection).
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If no error correction has been applied to the symbol, and if the symbol decodes, unused error correction

is taken as 1

than one (e.g.

independentl

. If (e + 2t) is greater than E_,,, unused error correction is taken as 0. In symbols with more
interleaved) error correction %lock, unused error correction shall be calculated for each block
y and the lowest value shall be used for grading purposes.

Unused error correction shall be graded as shown in Table 11.

Table 11 — Unused error correction grading

Unused error correction Grade
>0,62 4,0
>0,50 and <0,62 3,0to 3,9
>0,37 and <0,50 2,0t029
>0,25 and <0,37 1,0to 1,9
>0,20 and <0,25 0,0to 0,9
<0,20 0,0
7.5.10 Print growth

Print growtl (PG) tests that the graphical features comprising the symbolhave not grown or
Ktate so much as to hinder readability with less favourablesimaging conditions than the test
he print growth parameter, the extent to which dark or light markings appropria
module boundaries, is an important indication of process quality which affects reading perfor

its nominal
condition. T

growth may
both horizor

Print growt

states that print growth shall be graded, but does not défine a specific method, it shall be grade
in this claus¢. Otherwise, it is not a graded parameter.but should be reported as an informative,
the purposes of process control.

Print growt
defined in a

Identify the
or shrinkags
clock tracks.
these struct
of the struc
through eac
dimension a

Print growth shall then be calculated for each axis as the arithmetic mean of the print growt

structure m

Unless specifieddifferently in a symbology specification, and where a symbology specificatio

print gI'OWth shall be graaea N accordance with this document and not defined alEernaEely, the

symbology specification.

shrunk from

Lely fill their
mance. Print
be measured and evaluated independently in more than one axis to determine, [for example,

tal and vertical growth.

specification
d as defined
measure for

shall be graded according to a symbology spegification, if defined. If a symbology

can be measured in the general wdy described in this subclause but it can be mor¢ specifically

graphical structures particular to the symbology that are most indicative of elefnent growth
in each axis of the symbol, which are generally fixed structures or isolated elemgnts, such as
Based on the symbaqlogy specification and its reference decode algorithm, determine for each of
ires, in each axis, its\nominal dimension in modules. Measure the actual dimension in modules,
fure along the grid lines derived by the use of the reference decode algorithm |and passing
n structure te be measured in the symbol axis in question. The difference betwe¢n the actual
nd the nominal dimension, as a fraction of a module, is the print growth for each fix¢d structure.
h of all fixed

pasuredas described above. Where the result is negative, it represents print loss.

h states that
print growth

grade shall be calculated in accordance with Table 12 in the range from 0,0 to 4,0 rounded down to the
nearest 0,1 by using the absolute value of print growth.
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Table 12 — Default print growth grading

Absolute value of print growth Grade
<0,10 4,0
<0,28 and >0,10 3,0t039
<0,34 and >0,28 2,0t029
<0,40 and >0,34 1,0to 19
<0,60 and >0,40 0,1t0 0,9
>0,60 0,0

NOTE The recommendation that print growth be a graded parameter is a new feature of this edition of this
document, see 7.5.11.3.

7.5.11 Addjtional grading parameters

7.5.11.1 General

Either symb
graded and 3

ology or application specifications, or both, can define additionaljparameters wj
ccounted for in the calculation of the overall symbol grade.

hich may be

7.5.11.2 Application specifications

An applicati
or that the d

n specification can require, among other things, that the Z dimension is within a d
hta encoded within a symbol meets certain defined eriteria.

ertain range

7.5.11.3 Symbology specifications

Symbology dpecifications should define fixed pattern damage grading.

It is recommlended that symbology specifications define print growth as a graded parameter because print

growth is not always detected by other graded parameters especially when the aperture size is s
to the X dimgnsion (see Clause F.4). If print growth is to be graded, but the general approach desg
document fgr grading print growth does n@b fit the symbology, then an alternate definition fo
and grading|of print growth should be defined in the symbology standard.

Symbology dtandards must also definé the reference decode algorithm to be used for the paran
and for definjing the symbol grid which is used for evaluating many other parameters, as well as

mall relative
ribed in this
I measuring

neter decode
the basis for

defining thelideal grid used for-computing grid nonuniformity.

7.6 Symbpl grade

U1

The symbol 2 throu

7.5.11, exclu

brade shall be the lowest grade of any parameter as measured in accordance with 7
fling7.5.5.2.

gh

In order to d . auses of grades o qua ne 3 he grddes for each
parameter, especially the one(s) with the lowest grade(s). Annex B offers some guidance on the interpretation
and possible root causes for low grades.

Overall symbol grades shall be expressed on a numeric scale ranging in descending order of quality from 4,0
to 0,0 rounded down to the nearest 0,1.

8 Measurement methodologies for composite symbologies

Each component shall be measured and graded separately. The linear component shall be measured and
graded in accordance with ISO/IEC 15416. When the two-dimensional composite component uses a multi-
row bar code symbology, then the methodology specified in Clause 6 shall be applied to the two-dimensional
composite component; when it uses a two-dimensional matrix symbology, then the methodology specified
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in Clause 7 shall be applied to it. Both the overall grade for the linear component so measured and the overall
grade for the two-dimensional composite component shall be reported, to assist users who only require to
read the linear component as well as those requiring to read the complete symbol.
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Annex A
(normative)

Thresholding algorithm based on histogram

A.1 Algorithm description

Start by creating a histogram of the defined grey-scale values in the defined region and proceed as follows.

a) Initializ

b) For everly grey-scale value, "g", starting from the lowest grey-scale value to the highéstgre
(0 to 255 for an 8-bit image sensor);

1) Conjpute the mean and variance of pixels below g and call it MeanDark andyVarianceDal
2) Conjpute the mean and variance of pixels above or equal to g and callitMeanLight and V:
3) Conjpute Variance = VarianceLight + VarianceDark.

4) If Variance < minVariance, save Variance in minVariance and save g in Tmin.
5) IfV4riance = minVariance save g in Tmax.

NOTIE Step 5 is used to break ties. Tmin is the smallest grey-level where the variance is the

Tma|
c¢) Optimal
A.2 Exam

For simplicit
example, the
where each j

e the variable minVariance to a very large number and initialize Tmin and Tmax to

n_n

[x is the largest grey-level where the variance is the same minimum.
threshold T = (Tmin + Tmax) / 2.
ple

y, an image with only 100 pixels (a 10 x 10 image) is used. Additionally, for the py
image is composed of 4-bit pixels (16 grey levels). The sample image is shown i
pixel is magnified so thatindividual pixels can be discerned.

r.ero.

y-scale value

Irk.

jrianceLight.

minimum and

rpose of the
1 Figure A.1,

Figure A.1 — Image used in this example

Firstly, the number of pixels contained in the image with each of the 16 grey levels are counted. The result of

this countis

shown in Table A.1 and is plotted as a histogram in Figure A.2.
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Table A.1 — Count of grey level occurrences

Grey level Number of pixels with grey level
0 0
1 0
2 6
3 7
4 3
5 0
6 0
7 2
o S)
9 10
10 44
11 23
12 0
13 0
14 0
15 0

For each pogsible threshold, the histogram is separated into two portions - one for the dark e
one for the lijghtelements. The first possible threshold is between 0 and 1, the next is between

Figure A.2 — Histogram of the data in Table A.1

15

lements and
1 and 2, and

so on. For each possible threshold, the variance of both portions of the histogram is computed. For example,
for the possible threshold between 4 and 5, the dark element histogram contains the grey levels 0, 1, 2, 3 and

4 as shown in Table A.2.
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Table A.2 — Dark pixel portion for threshold of 4,5

Grey level Number of pixels with grey level
0 0
1 0
2 6
3 7
4 3

The variance of this distribution is calculated as follows:

— themeanis

[(2x6)fF(Bx7)+(@x3)]+16=2,81

and it can be described as the weighted average of Table A.2.

— the variance is the average of the square of each element’s deviation from the nean

(([2,81-P]2 x 6) + ([2,81-3]2 x 7) + ([2,81-4]2 x 3)) = 16 = 0,53

Similarly, th¢ variance of the light elements (those whose pixel value is-5.or greater) is: 0,84.

The variancgs of the dark and light portions of the histogram for eachthreshold can be computefl in a similar
manner. Thelresults are shown in Table A.3.

Table A.3 — List of variances forall possible thresholds

Threshold Variance of dark elements Variance of light elements Sum of variances
0,5 0,00 7,67 167
1,5 0,00 7,67 1,67
2,5 0,00 5,00 1,00
3,5 0,25 2,00 3,25
4,5 0,53 0,84 1,37
5,5 0,53 0,84 1,37
6,5 0,53 0,84 1,37
7,5 2,20 0,65 3,85
8,5 5,52 0,40 3,92
9,5 8,50 0,23 8,73
10,5 8,11 0,00 8,11
11,5 7,67 0,00 1,67
12,5 767 0,00 167
13,5 7,67 0,00 7,67
14,5 7,67 0,00 7,67
15,5 7,67 0,00 7,67

An optimum threshold is chosen such that the sum of variances of both portions of the histogram is

minimized. As can be seen from

Table A.3, the minimum of the sum of variances is 1,37 which occurs at

thresholds: 4,5, 5,5, and 6,5. There is a range of thresholds that all give this minimum variance. In this case
take the average of the lowest and highest threshold which gives this minimum which is 5,5 in this example.

Note that the threshold obtained by this averaging does not necessarily have the same minimum sum of
variances as it does in this example. If there is a single threshold which gives the minimum sum of variances,
then take that threshold. This chosen threshold is considered the “optimum” threshold as determined by

© ISO/IEC 2024 - All rights reserved

29


https://iecnorm.com/api/?name=13c93fdeda7b4b574cec622484fccbfd

ISO/IEC 15415:2024(en)

the algorithm in Clause A.1, because it results in two separate portions of the overall histogram which are
assumed to be most representative of two groups of elements (dark and light).

NOTE The portion of the histogram to the right of the threshold is called the “light lobe”.

When the image is binarized using the calculated threshold, the result is shown in Figure A.3.

Figure A.3 — Image with threshold applied
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Annex B

(informative)

Interpreting the scan and symbol grades

This Annex describes possible causes of reduced grades, either in a multi-row symbol or a matrix symbol.

Table B.1 identifies factors that can lead to low or failing grades for the parameters indicated, which can be
similar or can differ for the two classes of two-dimensional symbols.

Table B.1 — Possible causes of low grades

software errors in,printing system

software errors in printing system

Parameter Multi-row symbols Matrix symbols
low background or light module low background or light module reflectance, due
reflectance, due to: to:
— incorrect substrate e.g. blue paper for — incorrect substrate e.g. blue pgdper for red
red light light
— glossy laminate/overwrap — glossy laminate/overwrap
— inappropriate angle of illumination — inappropriate angle of illumination (direct
Symbol (direct marked symbols) marked symbols)
contrast high dark module reflectance, due to high dark module reflectance, due tjo
— low absorption of incident light by ink — low absorption of incident lighf by ink
(unsuitable formulation/colour) (unsuitable formulation/colouf)
— insufficient ink coverage (e.g. non¢ — insufficient ink coverage (e.g. jon-
overlapping ink-jet dots) overlapping ink-jet dots)
— inappropriate angle of illuniifiation inappropriate angle of illumination|(direct
(direct marked symbols) marked symbols)
n}l:fmy factors - see othedtparameters in many factors - see other parameterf in this table
Decode this table

Unused erroy

physical damage (scuffing, tearing,
obliteration)

bit errors due to defects

physical damage (scuffing, tearing,
bit errors due to defects

excessive print growth in one or twj]

obliteration)

0 axes

low ink coverage

showthrough

correction excessive print growth in one or two axes
. local deformation
local deformation
- misplaced-moediles
misplaced modules F
Minimum
reflectance of all bars >0,5R, ,, - see
reflectance, : —
symbol contrast for possible causes
Rmin
excessive print growth/loss
too large measuring aperture
Minimum
edge irregular substrate reflectance —
contrast
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Table B.1 (continued)
Parameter Multi-row symbols Matrix symbols
print growth/loss print growth or loss
too large measuring aperture too large measuring aperture
irregular substrate reflectance misplaced modules
Modulation variation in ink coverage defects (spots or voids)
showthrough irregular substrate reflectance
variation in ink coverage
Strowthrougih
spots of ink or other dark marks on
background
Defects voids in printed areas .
faulty print head elements
too small measuring aperture
local distortion
pixel errors in printing
Decodability slippage during printing —
blocked inkjet nozzle
faulty thermal element
excessive tilt of scan line
Codeword . .
yield Y axis print growth —
thermal "drag"
blocked printer nozzle
Fixed
pattern — faulty thermal element
damage
physical damage (tearing, scuffing,|obliteration)
mismatch of transport speed in printing with
Axial symbol dimensions
nonuniform- — N
ity printing software errors
verifier axis not perpendicular to symbol plane
transport errors in printing (accelefation/
deceleration vihration slippage)
Grid e : .
nonuniform- . variation in printhead to substrate distance
ity verifier axis not perpendicular to symbol plane
pixel errors in printing
print process-dependent factors print process-dependent factors
Print growth absorbency of substrate absorbency of substrate
bsorb fsub bsorb fsub
or loss

dot size (ink-jet, dot peening, etc.)

incorrect thermal print head temperature

dot size (ink-jet, dot peening, etc.)

incorrect thermal print head temperature
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Annex C
(informative)

Guidance on selecting grading parameters in application

specifications

C.1 Selection of measurement wavelength

C.1.1 Gen

The wavelen
application.
so that verif
standard ma
absence of a
not reprodu

Clauses 6 an
intended sca
light source,
enable valid
scanning pel

It should be
modify its s
Sensor, since
and the sens

In general, the sensor should be nominally linear and not enhanced in any way, as described in 5

care shall bg
results that
only be used

specific purpose. In any case in which the use of a filter significantly affects a measurement, t

filter should

C.1.2 Ligh

Light source

narrow

eral considerations

gth of light used for verification is very important and should be specified by the

cation of symbols can correlate to scanning performance in actual applications. Th
y select any appropriate source of illumination, whether or not it is\listed in this 4
h application specification giving illumination (and other) paramieters, verificatio
ible.

7 require measurements to be made using light of the same-Characteristics as tho
nning environment will use. If, as can happen, an application specification does ng

measurements to be made and to be sure that the fesults will be properly indic
formance in the application.

noted that for maximum correlation, it is net only the light source (including an
pectral distribution) that must be taken dnto account, but also the spectral sens
reflectance at a given wavelength is a fitnction of the product of the intensity of the
itivity of the sensor. However, for the purposes of this Annex, the sensor sensitivity

e taken if any filters are used since they can modify the raw image significantly
hre not reproducible. Filters;including polarization, low pass, high pass or notch f
according to an application specification which specifies the use of such filters for a

be reported along with the grade.

t sources
5 for bagcode scanning applications normally fall into two areas:

band illumination in either the visible or the infra-red spectrum, or

a judgment must be made in order to determine the most probable light source fglz

appropriate

['his Annex provides guidance to applications with respect to typical sourc¢es of illunination and

e application
innex. In the
h results are

se which the
t specify the
reading, to
ive of likely

y filters that
tivity of the
ight emitted
is ignored.

.6.3. Specific
hnd produce
Iters, should
h application
e use of the

broadb

o A 1t by st g o Tangn ot A a il ook coso bl ne pafarend
e Fererrea

to as "white

IO TITOTIII o CroTr COVETTITS o 1At g C-part © O of VISTOTC- S P Tt oIt SUTITCTIITICS

light" although it can have a bias to a colour; very few specialised applications may call for light sources
of unusual characteristics such as ultra-violet for fluorescent symbols.

Multi-row bar code scanning almost always uses narrow band visible light, with light sources with a peak
wavelength in the red part of the spectrum, between 620 and 700 nm. Infra-red scanning uses sources with
peak wavelengths between 720 nm and 940 nm.

Two-dimensional matrix symbols are scanned under a variety of illumination conditions, with the most
common being white light and, in a number of hand-held reading devices, the same visible red area of the
spectrum as for linear and multi-row bar code symbols.
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The most common light sources, but not a complete list, that may be used for these purposes are:

a) narrow band:
1) light-emitting diode (near-monochromatic, at numerous visible and infra-red peak wavelengths), and
2) solid-state laser diode (most usually 650 nm and 670 nm) (multi-row bar code symbols only);

b) broadband:
1) incandescentlamp (nominally white light with a colour temperature in the range 2800 K to 3200 K), and

2) light-emitting diode (LED) with nominally “white light” characteristics that emit different intensities
for red, green and blue Components thelr actual spectral dlstrlbutlon can show a number of peaks,
for e : : the range of

NOTE 1 A formal grade including a light specifier of /W(7000 K) is an example of white |Jight-emitting
diode illumination.

3) haldgen lamps (nominally white light with a colour temperature in the region6f 2800 K to[3200 K), and
4) gas fischarge lamps (light of various characteristics).
NOTE 2  Brpadband illumination is often the ambient light in a scanning environment.
The key chafacteristics of these are as follows.

A light-emitting diode is a low-power solid-state component most frequently found as the lighft source in a
light pen (wpnd) or CCD (charge coupled device) scanner. @Qperating wavelengths in the visiljle spectrum
may be from|620 to 680 nm; most commonly either 633/640.0r about 660 nm. In the infra-red sgectrum, 880
to 940 nm is|the most common range of wavelengths. In‘the UV (ultraviolet) spectrum, 365 nmf(to 395 nm is
the most corhmon range of wavelengths.

A laser diode is also a low power solid-state component emitting highly monochromatic coherent light.
Typical wavglengths in the visible spectrum usedby these, at the date of publication of this docyment, is 650
nm. In the infra-red spectrum, 780 nm is common. They are frequently found in hand-held (lagder) scanning
equipment ajnd a number of fixed scanners.

Broadband ljght sources are mainlyfound in systems using two-dimensional imaging and image processing
technology nather than scanning techniques.

Incandescenf lamps have a pdwer distribution covering much of the visible spectrum and well nto the near
infra-red sp¢ctrum; their optical characteristics are more easily defined in colour temperature ferms rather
than in those of peak wavelength, because of the wide bandwidth and relative absence of clgarly-defined
peaks in the|power distribution. These broadband power distribution characteristics mean that the symbol
contrast valpes obtained from symbols may vary with different colour temperatures to a [significantly
lesser extent than yalues obtained with light sources whose power distributions peak sharply with narrow
bandwidth.

Halogen lamps (also known, more correctly, as tungsten halogen lamps) are a development of incandescent
lamps with a higher colour temperature and a smooth power distribution curve across the spectrum,
extending well into the near infra-red.

Fluorescent light sources also produce nominally white light and have broadband power distribution
characteristics, which, in comparison with those of an incandescent source, tend more towards the bluer
region of the visible spectrum, often with a significant ultra-violet component, and a number of peaks in
their spectral power distribution. Typical colour temperatures for such lighting are in the region of 3200 K
to 5500 K. The physical structure of a fluorescent lamp is that of a tube which can be formed into various
shapes, and an annular shape concentric with the optical axis of a reading device provides very satisfactory
uniform diffuse illumination.
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Light emitting diodes with nominally "white light" characteristics emit "cool" white light and may have a
nominal colour temperature in the region of 7 000 K. Their actual spectral distribution can show a number
of peaks, for example, in the blue, and yellow or orange regions.

Gas discharge lamps tend to have spectral distributions with multiple sharp peaks at wavelengths depending
on the precise mixture of gases used. For example, sodium vapour emits light with a well-defined peak at
around 580 nm (yellow-orange) and mercury vapour emits a green-blue light at around 520 nm.

The use of filters to modify the spectral distribution of the illumination system is common. For example,
when used in conjunction with a Wratten 26 filter, the light characteristics of a 2 856 K lamp approximate
to those of a 620 nm to 633 nm source. The use of infra-red and/or ultra-violet absorbing filters is also
common in scanning systems. It is possible to alter the apparent colour temperature of a source using filters.

NOTE 3

Light source types, wavelengths and colour temperatures stated above are indicative and can change as

the technology evolves. Helium-neon lasers for example are not common anymore and has been rem
above descrigtion in this edition of this document.

C.1.3 Effeft of variations in wavelength

The reflectance of a substrate or bar code symbol element varies with the wayelength of
light. A black, blue or green printed area tends to absorb visible red light strongly (and appear
low reflectance), whereas a white, red or orange area reflects most of such, incident light. In 1
spectrum, the apparent colour of the element does not correlate at all with'reflectance; it is t

the pigment
measured at]

sufficiently tio cause the symbol grade to change by one or two units,)0r even more in the case of|

on some thel

In the case o
power distr
from variou
reflectance)
With colours
peaked sped
matched to {
violet absorh

C.1.4 Con

Broadband ]
peak. Nonet
of a colour t
of this light
whereas ligh
spectral dist
with a highsg
lower colour

ition used (e.g. the proportion of carbon content) which governs reflectance. Takin

'mal papers.

f broadband illumination, however, the presence‘of light at multiple wavelengths in
bution of the light means that reflectance. values of black inks measured unde
5 sources does not differ significantly; hewever, there can be some variation (a
in the case of dye-based black inks wheréthe illumination has a significant infra-reg
bd pigments, there is greater variations. Interposing a filter in the light path introg
tral distribution and the spectrali¥e€sponse curve of the reader will require to be
hat of the light source. It is common for the optical system to include both infra-rg
ing filters.

siderations affectingselection of broadband light sources

heless, the intensity of light emitted at different wavelengths will vary. In particy
bmperature in the region of 3000 K is described as "warm" light and the spectral
shows higher intensity of emission towards the red (and infra-red) region of t}
t with a"higher colour temperature in the region of 6500 K is described as "cool"
ributionis biased to the blue-violet region of the spectrum, extending into the ultra
r eolour temperature will yield higher reflectance values on blue pigments than

ved from the

the incident
therefore of
he infra-red
he nature of
b reflectance

633 nm as a reference, when measured at 660 or 680 nm'the results can differ signfificantly and

bars printed

the spectral
- white light
increase in
component.
Juces a more
more closely
bd and ultra-

ght sources, by definition, emit light over a band of wavelengths without a clearly defined sharp

lar, the light
distribution
e spectrum,
light and its
Lviolet. Light
light with a

temperature. The converse is true for red pigments.

It is possible to modify the apparent colour temperature of a light source by the interposition of an
appropriate filter.

[t can also be possible to approximate the characteristics of different broadband light sources with sufficient
precision for bar code symbol quality assessment purposes by combining reflectance measurements at three
narrow band wavelengths across the visible spectrum, e.g. in the red, green and blue regions (assuming
that the ultra-violet and infra-red regions have been cut off by the use of appropriate absorbing filters); the
results can then be modified to match the spectral response characteristics in the application by applying
an appropriate correction factor at each wavelength.
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C.2 Selection of aperture

The choice of aperture size is very important, and it must be specified in accordance with 5.4 for matrix
symbol grading and ISO/IEC 15416 for stacked symbol grading, in order for symbol grades to be measured
consistently. It is the responsibility of an application specification to define an appropriate measuring
aperture to be used. As required by 5.5, the aperture size must be reported together with the grade and
illumination in order to identify the conditions under which the measurement was made.

NOTE1 Theterm "aperture” does not refer to the opening of a lens but to the convolution of the raw image.

The size of the measuring aperture affects whether voids in the symbol will be “filled in” during the
verification process. Therefore, the measuring aperture must be selected with reference to the range of
nominal module size and expected scanning environment. An aperture that is too small is not able to fill in

unintentional voids, or gaps between elements of a direct marked symbol, and that would lead to low grades
or undecodaple symbols. On the other hand, a measuring aperture that is too large blurs individual modules,

resulting in

An aperture
application 3
module size
all cases or

than one acq
more challer]

In applicati
ISO/IEC 291

The reason f{
measuring a
acceptable s
size become
Conversely, 1
successful a
the largesta
dimensions,
by using dif
larger exten

The choice o
to be preval

ow modulation, and can prevent the symbol from being decoded.

size in the range of 50 % to 80 % of the minimum allowed module size is@typical
pecification. Importantly however, an application specification that allows a rang

(e.g. a range of 0,25 mm through 0,40 mm) should specify a single,aperture size {
thould specify more than one acceptance criteria, each with a different aperture
eptance criteria is allowed in an application, scanning all of the-acceptable symh
ging to practical readers with fixed scanning parameters.

bns in which a single aperture size does not adequately predict scanning p
b8 should be used instead of this document.

hat more than one aperture size can be desirable in an application is that the rel
perture required to read the symbols with the.sthallest module size limits the size
bots and voids. But, if an overly large aperture'is used, the modulation for the sm3
b inadequate. In general, the larger the aperture, the larger the acceptable size of spd
he smaller the aperture, the smaller thé.acceptable module size that can be read.

choice for an
e of nominal
o be used in
size. If more
ols becomes

erformance,

htively small
fthe largest
llest module
ts and voids.
Therefore, a

hplication specification must select aumeasuring aperture that predicts the reada

f measuring aperture(s) Specified can be influenced by the scanning equipment th
ent in the applicatien*scanning environment. Conversely, the choice of the scanni

can also be influenced by the\specification of the measuring aperture(s). In both cases, howey|

between thg
correlation K

Table C.1 m|

verification, technique and the scanning environment is made in order to pra
etween grade level and scanning performance.

Ay be_used by application specification writers as a guide. When the measuri

diameter is pot specified in the application specification, Table C.1 should be used as a guide w

this docume

htfor process control purposes.

ility of both

hd smallest module size symbols. Ifan application truly contains symbols with a larjge range of X
different aperture sizes should be used in order to optimize the performance for alllthe symbols
erent aperture sizes and thereby offering tolerance of spots and voids in all the symbols to a
than would be possible if Using an aperture that was appropriate of the smallest X|dimensions.

is expected
g equipment
er, a “match”
duce a high

ng aperture
hen applying

NOTE 3

and can specify an aperture size that differs from the recommendation of Table C.1.
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