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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 docurhent should be noted. This document was drafted in accordance with the editorial rules of]the 1SO/
[EC Direfctives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[SO and|IEC draw attention to the possibility that the implementation of this document:may involve the
use of (3) patent(s). ISO and IEC take no position concerning the evidence, validity or,applicabilitly of any
claimed|patent rights in respect thereof. As of the date of publication of this document;ISO and IE( had not
received notice of (a) patent(s) which may be required to implement this document. However, implgmenters
are cautlioned that this may not represent the latest information, which may be'‘obtained from thee patent
databasg available at www.iso.org/patents and https://patents.iec.ch. ISOvard IEC shall not [be held
respons|ble for identifying any or all such patent rights.

Any trafle name used in this document is information given for the Convenience of users and ¢loes not
constitute an endorsement.

For an efkplanation of the voluntary nature of standards, the meaning of ISO specific terms and expjressions
related [to conformity assessment, as well as information -about ISO's adherence to the World Trade
Organizption (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/forewdrd.html.
In the IHC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical;;€ommittee ISO/IEC JTC 1, Information tedhnology,
Subcommittee SC 31, Automatic identification and data capture techniques.

This thiyd edition cancels and replaces the second edition (ISO/IEC 15416:2016), which has been teg¢hnically
revised.

The maip changes are as follows:
— the falculation of threshold td.find edges within a scan reflectance profile has been modified;

— the falculation of R, and)R,,;, has been modified;

min
— the falculation of continuous grades has been clarified.

Any feddback or questions on this document should be directed to the user’s national stiandards
body. A complete listing of these bodies can be found at www.iso.org/members.htnl and
www.ie¢.ch/natiehal-committees.
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Introduction

The technology of bar coding is based on the recognition of patterns encoded in bars and spaces of defined
dimensions according to rules defining the translation of characters into such patterns, known as the
symbology specification.

The bar code symbol is produced in such a way as to be reliably decoded at the point of use, if it is to fulfil its
basic objective as a machine-readable data carrier.

Manufacturers of bar code equipment and the producers and users of bar code symbols therefore require
publicly available standard test specifications for the objective assessment of the quality of bar code symbols,
to which i i fCati T quality
of the symbols. Such test specifications form the basis for the development of measuring equipment for
process control and quality assurance purposes during symbol production, as well as afterwakds.

This edition of this document introduces several new methods of grading bar code symbols that will improve
the stabjlity of results and modernize the grading method to be more in alignment with\modern mdthods of
bar codg scanning. Further details about the changes made in this edition of this document are disqussed in
Annex K|.

The performance of measuring equipment is covered in ISO/IEC 15426-1.

This doqument is intended to be read in conjunction with the symbology specification applicable tq the bar
code symbol being tested. The symbology-specification provides symbology specific details. Add{tionally,
an applifation specification is required to apply this document.

This methodology provides symbol producers and their trading partners a universally standardized means
for communicating about the quality of bar code symbols afterthey have been printed.

© ISO/IEC 2025 - All rights reserved
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Automatic identification and data capture techniques — Bar

symbol

code print quality test specification — Linear symbols

1 Scope

This doqurmeTtt

— spegifies the methodology for the measurement of specific attributes of bar code symbols;

— defipes a method for evaluating these measurements and deriving an overall asses§ment of
quality, and

— givgs information on possible causes of deviation from optimum grades to, assist users ip taking
appropriate corrective action.

This dog
which a
or wholl

2 Noj
The follc

ISO/IEC

Vocabulgry

3 Tenms and definitions

For the purposes of this document;the terms and definitions given in ISO/IEC 19762 and the followi

ISO and
— ISO
— IEC

3.1
bar refl
lowestr

3.2
defect
irregula

3.3

ument applies to those symbologies for which a reference decode-algorithm has been defi
e intended to be read using linear scanning methods, but its methodology can be applied
y to other symbologies.

‘mative references

19762, Information technology — Automatic identification and data capture (AIDC) techn

[EC maintain terminplogy databases for use in standardization at the following addresses:

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

Electropediapavailable at https://www.electropedia.org/

lectance
eflectance value in the scan reflectance profile of a bar element

hed, and
bartially

wing documents are referred to in the text in sucha way that some or all of their content coulstitutes
requireinents of this document. For dated references, only the edition cited applies. For undated re
the latedt edition of the referenced document (including any amendments) applies.

erences,

iques —

g apply.

rity found within elements and quiet zones

edge contrast
difference between bar reflectance (3.1) and space reflectance (3.13) of two adjacent elements

3.4

element reflectance non-uniformity
reflectance difference between the highest peak (3.9) and the lowest valley (3.15) in the scan reflectance
profile of an individual element or quiet zone

© ISO/IEC 2025 - All rights reserved
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hreshold

reflectance level used for the initial identification of elements

Note 1 to entry: to entry. The global threshold is determined by the procedure in Annex B.

3.6

inspection band
band (usually from 10 % to 90 % of the height of a bar code symbol) across which measurements are taken

Note 1 to entry: For an illustration of an inspection band, see Figure 2.

3.7

Ineasurhu;aperture

apertur
opening
magnifi

h

which governs the effective sample area (3.10) of the symbol, and the dimensions of whi
Fation is equal to that of the sample area

Note 1 toentry: For an illustration of a measuring aperture, see Figure 1.

3.8
modulal

kion

ratio of the minimum edge contrast to symbol contrast

3.9
peak
point of

3.10
sample

higher reflectance in a scan reflectance profile with points.of lower reflectance on either si

Aarea

effective area of the symbol within the field of view of thé. measurement device

3.11
scan pa

th

line alorjg which the centre of the sample area (8:10) traverses the symbol, including quiet zones

3.12
space
light ele

3.13

ment corresponding to a region of a scan reflectance profile above the global threshold (3.5)

space re¢flectance

highest

3.14
symbol
differen

3.15
valley
point of

reflectance value inthe scan reflectance profile of a space element or quiet zone

contrast
Ce betweén the maximum and minimum reflectance values in a scan reflectance profile

"h at 1:1

e

£] i H £] i £31 atla HS £l £1 4+ atkla H
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4 Symbols and abbreviated terms

4.1 Symbols
A average achieved width of element or element combinations of a particular type
c defect adjustment constant
E width of narrowest wide element
e width of widest narrow element
Dg defects
e; ith edge to similar edge measurement, counting from leading edge of symbol character
F factor used to soften the effect on defect grades derived from small changes«peaks ang
within an element
K smallest absolute difference between a measurement and a reference threshold
k number of element pairs in a symbol character in a (n, k) symbology
M width of element showing greatest deviation from A
number of modules in a symbol character
average achieved wide to narrow ratio
number of modules in a symbol character in a (#,k) symbology
Pcg print contrast signal
Ry bar reflectance
R, dark reflectance
R, light reflectance
Rax maximum reflectance
Roin minimum reflectanee
Ryop | modulation
R space reflectance
ARgmin | minithum value of edge contrast
ARgc symbol contrast
ARyNmax Mmaximum element reflectance non-uniformity
t Grey-scale value
Dy reference threshold between narrow and wide element widths for two-width symbologies
T; reference threshold between measurements j and (j + 1) modules wide
Tg global threshold between bars and spaces

© ISO/IEC 2025 - All rights reserved
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total width of a character

decodability value for a scan
decodability intermediate value above
decodability intermediate value below
decodability value for a symbol character

average achieved narrow element dimension or module size, as measured

4.2 Abbreviated terms

EC
ERN
GT
MOD
PCS
SC
SRP

5 Me

5.1 Gq

The me
both ref]

edge contrast

element reflectance non-uniformity
global threshold

modulation

print contrast signal

symbol contrast

scan reflectance profile

asurement methodology

eneral requirements

hsurement methodology defined in this document is designed to maximize the consis
lectivity and bar and space width.measurements of bar code symbols on various substra

methodg¢logy is also intended to correlate yith conditions encountered in bar code scanning hardw!

Measurg
apertur
5.23. A
may def

Whenev]
configuy
be used

This do
an exan

circular aperture is defined by its diameter in accordance with Table 1. Application speci
ne other aperture diameters or shapes.

ation in which'it is intended to be scanned. If this is impossible, refer to Annex D for the m
for measuring reflectance for non-opaque substrates.

ument defines the method of obtaining a quality grade for individual symbols. Annex H

implemg

nts'the method described in this document. The use of this method in high volume qualit

fency of
fes. This
hre.

ments shall be made with aidefined light source (such as a single light wavelength) and a m¢asuring
e of dimensions defined by the application specification or determined in accordance with 3.2.2 and

fications

er possible, mgasurements shall be made on the bar code symbol in its final configuratioy, i.e. the

pthod to

brovides

ple“of a report that contains the overall grade and other measurements made by a devigde which

r control

regimes can require sampling in order to achieve the desired results. Such sampling plans, including
required sampling rates are outside of the scope of this document.

NOTE
ISO 2859

Information on sampling plans can be found in ISO 3951-1, ISO 3951-2, ISO 3951-3, ISO 39
0.

© ISO/IEC 2025 - All rights reserved
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5.2 Reference reflectivity measurements

5.2.1 General

The equipment for assessing the quality of bar code symbols in accordance with this document shall
comprise a means of measuring and analysing the variations in the diffuse reflectivity of a bar code symbol
on its substrate along a number of scan paths which shall traverse the full width of the symbol including
both quiet zones. The basis of this methodology is the measurement of diffuse reflectance from the symbol.

All measurements on a bar code symbol shall be made within the inspection band defined in accordance

with 5.2.5.

The megsured reflectance values shall be expressed in percentage by means of calibration to a.r
reflectance standard traceable to national measurement institutes.

NOTE Maximum diffuse reflectance, traditionally comparable to barium sulphate or magnesium”oxide,
as 100 %

5.2.2 Measurement light source

The light source used for measurements should be specified in the applicatieh specification to
intended scanning environment. When the light source is not specified-in-the application speci

cference

is taken

suit the
fication,

measurg¢ments should be made using the light source that approximates.most closely to the lightt source

expectefl to be used in the scanning process. Light sources may, include narrow band or bro
illumingtion. Refer to Annex F for guidance on the selection of the light source.

5.2.3 Measuring aperture

The nonjinal diameter of the measuring aperture should.bé’specified by the user application specifi
suit the ntended scanning environment. In an application‘where a range of X dimensions can be enco
all meagurements shall be made with the aperture(s) appropriate to the application. Applicati
define ah aperture appropriate to the smallest X dimension to be encountered or a variable apertur
to X dimpension of the symbol. When the measGring aperture diameter is not specified in the ap
specification, Table 1 should be used as a guide. In the absence of a defined X dimension, the Z di
shall be substituted.

hd band

ration to
Lntered,
bns may
 related
blication
mension

NOTE 1 | The choice of aperture size is very important for symbol grades to be measured consistently. T
the meadquring aperture affects whether‘voids in the symbol is “filled in” during the verification process.

e size of
erefore,

the measjuring aperture that is seleeted with reference to the range of nominal module size and the expected|scanning

environment will lead to measurements that are appropriate for the application. An aperture that is too
not fill inf unintentional voidsthat would lead to low grades or undecodable symbols. On the other hand, a
aperture|that is too large blurs-individual modules that are narrow relative to the aperture diameter, resulti
modulation, and sometimes-ean prevent the symbols with small element widths from being decoded.

NOTE 2 | A practicabinstrument is subject to manufacturing tolerances and optical affects that affects t
effectivemeasurifig)aperture diameter which results in deviations in measurements. The measurement t
are speciffied in ISO/IEC 15426-1.

all will
easuring
g inlow

he actual
lerances

hbol, the

Dependingupon the specified aperture size and the dimensions of the actual elements within a syn
width o i i
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Table 1 — Guideline for diameter of measuring aperture

X dimension Aperture diameter Reference number
mm mm
0,100<X<0,180 0,075 03
0,180 <X<0,330 0,125 05
0,330<X<0,635 0,250 10
0,635<X 0,500 20
NOTE The aperture reference number is the measuring aperture diameter divided by 25,0 um, which
approximates to the measuring aperture diameter in thousandths of an inch.

NOTE 3

5.2.4

The reference optical geometry for reflectivity measurements shall consist of:

a) as

to the surface, and in a plane containing the illumination source that shall be both perpendicul
surface and parallel to the bars;

b) alight collection device, the axis of which is perpendicular to the surface.

The lig
at the v
apertur

NOTE

This ref
of diffus
of meas
exactly

that the
subclaus

It is com
symbol

considet
one ligh
quality 4

NOTE
geometry

The measuring aperture is not to be confused with the opening (F-number) of a lens.

ptical geometry

rce of incident illumination which is uniform across the sample area at 45°from a perpe

t reflected from a circular sample area of the surface shall be’ collected within a cone; t
ertex of which is 15° centred on the perpendicular to theysurface, through a circular mg
e, the diameter of which at 1:1 magnification shall be equivalent to that of the sample area.

Figure 1 illustrates the principle of the optical arrangentent but is not intended to represent an actuy

brence geometry is intended to minimize the effects of specular reflection and to maximi
e reflection from the symbol. It is intended;to' provide a reference basis to assist the con
irement. The actual optical geometry of individual scanning systems does not always cor
o this reference geometry. Alternative optical geometries and components may be used, |
ir performance can be correlated with’that of the reference optical arrangement define
e.

mon for an application to use both linear and two-dimensional symbols. Optical setups usg
guality assessment typicallyremploy lights from four sides at 45°. Application specificati
specifying the referenge’optical geometry from ISO/IEC 15415, which consists of four rat
F at 45° and denoted by the lighting specifier “/45Q” as the default, if verifiers that are also
1ssessment of two-ditnensional symbols are preferred to be used in the application.

For applicatiemnyspecifications employing the lighting specifier “/45Q” as the default, refer to th
 defined ISOALEC15415.

ndicular
hr to the

he angle
pasuring

hl device.

ze those
sistency
respond
rovided
] in this

d for 2D
bns may
her than
used for

e optical
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~
)
<

light sensing element

baffle
sample

ligh§ source
image distance
objelct distance
lens

incidlent light angle

© Q2 ® N o Ul A W N R

collgcted light cone angle

5.2.5 [nspection band

The ardga within which' all measurement scan paths shall lie shall be contained between ty
perpendicular to the height of the bars of the symbol, as illustrated in Figure 2. The lower line

position|

greater. [The inspection band shall extend to the full width of the symbol includin

apetfture at 1:1 magnification (measurement 6 is equal to measurenient 7)

Figure 1 — Reference optical arrangement

© ISO/IEC 2025 - All rights reserved
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vo lines
shall be

d at a disfance above the average lower edge of the bar pattern of the symbol while the upper line
shall be positioned at the same distance below the average upper edge of the bar pattern of the sym
distancg shall'be equal to 10 % of the average bar height or the measuring aperture diameter, whi

bol. This
hever is

uiet zones.
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4 4
i i 12
Jli,,,
Ii,,,
sl IEE E0N N

: 1

Key
insp
109
109
quie
scan

S U1 DA W N

aver

5.2.6

In order
the bars
with thd
shall be
of scans
apertur

The ove
scans, in

5.3 Sc

Bar codg
reflecta
not cons

3

ection band (normally 80 % of average bar height)

b of average bar height, or aperture diameter if greater, above inspection band

b of average bar height, or aperture diameter if greater, above average bar'bottom edge
t zones

ning lines

age bar bottom edge

Figure 2 — Inspection band

Number of scans

to provide for the effects of variations.in symbol characteristics at different positions in the
anumber of scans shall be perforined across the full width of the symbol including both qu
appropriate measuring aperture’ and a light source of defined nominal wavelength. The
approximately equally spaced through the height of the inspection band. The minimum
per symbol should normally be 10 or the height of the inspection band divided by the m¢
e diameter, whichever igIgWwer. Refer to Annex G for guidance on the number of scans.

rall quality grade ©f the symbol is determined by averaging the quality grades of the in
accordance with-Clause 6.

an reflectance profile

e symbol quality assessment shall be based on an analysis of the scan reflectance profiles. ]
hce“profile is a plot of reflectance against linear distance across the symbol. If scanning

height of
et zones
Ke scans
number
Pasuring

dividual

[he scan
speed is

tant, measuring devices plotting reflectance against time should make provision to compensate for

the effects of acceleration or deceleration. If the plot is not a continuous analogue profile, the measurement
intervals should be sufficiently small to ensure that no significant detail is lost and that dimensional
accuracy is adequate.

NOTE

The measurement tolerances are specified in ISO/IEC 15426-1.

Figure 3 is a graphical representation of a scan reflectance profile. The vertical axis represents reflectance
and the horizontal axis linear position. The high reflectance areas are spaces and the low reflectance
areas are bars. The high reflectance areas on the extreme left and right are the quiet zones. The important
features of the scan reflectance profile can be determined by manual graphical analysis or automatically by
numerical analysis. For example, the highest reflectance point on the scan reflectance profile in Figure 3 is
approximately 82 % and the lowest is approximately 10 %.

© ISO/IEC 2025 - All rights reserved
8


https://standardsiso.com/api/?name=c22bea939143746650bb8fa0cdc56773

ISO/IEC 15416:2025(en)

" A

Key
P line
R  refld

5.4 Sd

5.4.1

The scan reflectance profile parameters described in 5:4:2 to 5.4.9 shall be assessed for compliance {

\r position
ctivity

Figure 3 — Scan reflectance profile

an reflectance profile assessment parameters

General

vith this

document. Grading of the scan reflectance profile patameters is described in 6.2. Figure 4 is the sdme scan
reflectance profile as Figure 3 with certain features'indicated.
R A A
100
M/ 7JT___'_________"__________________P\_/_ —~B
HIE ST
C
— - =M - H - [ —-—H{—1—E
_____________________ SR AL VY A
0
P
Key
A quiet zones (left and right) E global threshold
B R,..isequal to the average of the highest 3 % R reflectivity
C  ARpnin P linear position
D R, Iisequal to the average of the lowest 3 %

Figure 4 — Features of scan reflectance profile
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5.4.2 Element determination

To locate the bars and spaces, a global threshold shall be established. The global threshold, T;; shall be
calculated using the algorithm in Annex B.

NOTE1 Using the algorithm in Annex B is a new feature of this revision of this document and is meant to reduce
grade fluctuations that arise from changes in the global threshold from small areas of extreme values of reflectance
within the scan reflectance profile.

Each region above the global threshold shall be regarded as a space and the highest reflectance value in the
region shall be designated the space reflectance, R,. Similarly, the region below the global threshold shall be
regarded as a bar and the lowest reflectance in the region shall be designated the bar reflectance, Ry,

For eaclf space, R, - T;; represents its reflectance margin above the global threshold. For each bai] T; - R,
represents its reflectance margin below the global threshold. A warning should be issued whenthe'njinimum
reflectafce margin for any element is less than 5 % of the symbol contrast of a symbol. This Warninig should
caution pisers to consider the possibility that this symbol is close to a failing grade for edgedetermination.

NOTE 2 | This warning is not required but recommended as helpful information to verifier'users, especidlly when
intermitfent failure of edge determination causes symbol grade variation.

5.4.3 Edge determination

An elemgnt edge shall be defined as being located at the point where the sean reflectance profile intersects
the mid{point between R, and R}, of two adjacent regions, i.e. where the reflectance value is (R, +|R,)/2. If
more than one point satisfying this definition exists between adjoiming elements, then the edge position and
the elenfent widths will be ambiguous and the scan reflectance fprofile shall fail the decode paramg¢ter. The
quiet zohes and intercharacter gaps, if any, are considered to bespaces.

5.4.4 Pecode

The symibology reference decode algorithm shall.be,;used to decode the symbol using the element edges
determiphed in steps 5.4.2 and 5.4.3. This algorithm\can be found in the symbology specification.

5.4.5 PSymbol contrast
Symbol fontrast is calculated as:

ARS = Rmax - Rmin

where
R .k s the average of the highest 3 % of sampled reflectance values within the scan reflectanc¢ profile,
bounded.by the extent of the left and right quiet zones;
Rl isthe-aVerage of the lowest 3 % of sampled reflectance values within the scan reflectanc¢ profile,
boufided by the extent of the left and right quiet zones.
NOTE Theuseofan averape | forR and-f D is-anew-feature-introducedinteothisrevision-ofthis-deecument and

max
is intended to reduce measurement variability due to small areas of aberrant reflectance that is sometimes, but not
exclusively, caused by specular reflection.

5.4.6 Edge contrast

Edge contrast is the difference between the R, and Ry, of adjoining elements including quiet zones. Edge
contrast is computed for each edge in the symbol and the lowest value of edge contrast found for any edge in
the scan reflectance profile is the minimum edge contrast.

© ISO/IEC 2025 - All rights reserved
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Modulation

Modulation is calculated as:

ARyop = ARNmax / AR

5.4.8

Defects

Defects are irregularities found within elements and quiet zones. Defects are measured in terms of element
reflectance non-uniformity.

Elemen

£1 4 1E 1k atlas IR [ | 1 1 4 et ra—ilo daLe
ICrictialitc 1IUIlITulIlIiuvl llllLy VVILIITIL 41l TITUIviududl CITCIIITIIU Ul LiulCL LULIT 15 UIIT UITICTIUIILT

the refl¢gctance of the highest peak and the reflectance of the lowest valley. When an element e0fs

single p

bak or valley, its reflectance non-uniformity is zero. The highest value of element reflecta

uniformiity found in the scan reflectance profile is the maximum element reflectance non-unifermit
measur¢ment is expressed as the ratio of the maximum element reflectance non-unjformity, AA

symbol
way tha

f reduces the impact of small variations in reflectivity.

a) Define the defect adjustment constant, ¢, as ¢ = 0,075 x ARg, where ARy isithe SC of the SRP.

NOT[E1 ccorresponds to the following:

a small amount of “noise” to be reduced to eliminate instability in m€asurement;

an amount of contrast difference that is small enough for scanidfers to ignore.

NOTE 2  The original definition of "defect", prior to the prewvious revision of this document, corresp
congtant c value of 0.

b) For
1)

2)

pach bar element
for each positive peak maxima in the elemetit:

i) find the lowest valley to the left of itwithin the element, called R

minLeft’

ii) find the lowest valley to theright of it within the element, called Ry, pignes

iii) calculate ERN, as the peak maximum minus the R ;. oo

iv) calculate ERN as the peak maximum minus the R

right minRight;

v) take the lessepof ERN, ¢ and ERN,,.;, as ERN' (ERN prime);

right
vi) if ERN’ = ¢setF to the value 1; if ERN' < ¢, calculate F = ERN'/c;

vii) calculate the provisional ERN for this peak only as F multiplied by the maximum of
ERNright)'

take the maximum of the provisional ERN values from all iterations of the previous step as

etween
ists of a
nce non-
. Defect

Nmax’ to

contrast. The element non-uniformity is modified according to a), b) and c), and\calculated in d) in a

bnds to a

[ERNleft'

the ERN

ofthis element.

c¢) Same as b) for each space element, and as follows.

1)

For each negative valley minima (a local minima):

i) find the highest peak to the left of it within the element, called R

maxLeft’

ii) find the highest peak to the right of it within the element, called Ry, pights

iii) calculate ERN; . as R minus the valley minimum;

maxLeft

iv) calculate ERN as R minus the valley minimum;

right maxRight

© ISO/IEC 2025 - All rights reserved
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v) take the lesser of ERNj ¢ and ERN .}, as ERN’ (ERN prime);

right
vi) if ERN’ > ¢, set F to the value 1; if ERN’ < ¢, calculate F = ERN/c;

vii) calculate the provisional for this valley only as F multiplied by the maximum of (ERN,.,

ERNright)-

2) Take the maximum of all the provisional ERN values from all iterations of c) 1) as the ERN of this

element.

d) Take the maximum of all ERN values from b) 2) and c) 2) as ARy, for the overall scan:

nnnnnn

To illustrate the functioning of this algorithm, three examples are given in in Figure 5 of a\secti
SRP, each showing the reflectivity of bar elements which contain one or more peaks and valley min
horizont{al line labelled T represents the global threshold. The symbol M in Figure 5 shows the ref]
differenfe that is equal to the constant ¢ times the symbol contrast.

The leftmost portion of the SRP shown in Figure 5 is an example of a case in which the defect v
be reduged because the difference in reflectivity between point B and A is less‘than the height of]
M. The glefect will be reduced because ERN,. ¢, which is the difference in reflectivity between A
very smpll (in particular, it is much less than the height of element M) and therefore the factor I
corresppndingly small in step c) vi). The defect for this element will therefore be a small factor mult
the diffgrence in reflectivity between B and C.

The middle portion of the SRP shown in Figure 5 is an exampléthat shows a case where many p¢
valleys ¢xist within an element, but ERN,, (the difference hetieen E and D) is much larger than th
of elemegnt M. Therefore, defect measurement is not be affected by step c) vii because the factor F w|
to 1 in sfep c) vi).

The rigltmost portion of the SRP shown in Figure>5 is an example is actually equivalent to th¢
exampld in as much as this algorithm is concerned, ‘even though ERN,,¢ and ERN ;. are different
local mgxima. In particular, the difference in:teflectivity between F and G is again much larger

height of M, and therefore the factor F will belset to 1 in step c) vi).

pn of an
ma. The
lectivity

hlue will
element
ind B, is
F will be
plied by

aks and
e height
111 be set

middle
for each
han the

|/ \ | \
7 W

ed

d)Defect is reduced b) Defect is not reduced c) Defect is not redud

Key

local minimum in first example element E local maximum in second example element
local maximum in first example element F  local maximum in third example element
element minimum of first example element G element minimum in third example element

O O w >

element minimum of second example element

Figure 5 — Examples to illustrate ERN calculation
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5.4.9 Decodability

The decodability of a bar code symbol is a measure of the accuracy of its production in relation to the
appropriate reference decode algorithm. Bar code scanning equipment can generally be expected to perform
better on symbols with higher levels of decodability than on those with lower decodability.

Rules governing the nominal dimensions for each bar code symbology are given in particular symbology
specifications. The reference decode algorithm allows reasonable margin for errors in the printing and
reading processes by defining one or more reference thresholds at which a decision is made as to the widths
of elements or other measurements.

The decodability of a scan reflectance profile is the fraction of available margin which has not been

decoda

referende decode algorithm in the relevant symbology specification. In the following paragraph, t

"measu

— asingle element width in symbologies which use these directly in the reference decode algorit

MCO

— the
med

The dec

a) the
spa

b) the

c) the
thrd
V can be
V=]
where
[
(D
(D
Figure 6

M Tt T TS aval | : T
ility value, V, for a scan reflectance profile, regard shall be to the measurements require

ement" shall be taken to refer to either
e 39”), or

surements for decoding (e.g. “Code 128”).
pdability value is calculated with reference to the following:

average achieved width, 4, for measurements of a particulat type [e.g. narrow elements,

reference threshold applicable to measurements of the)same type as A (Dy);

actual measurement showing the greatest deviation from A in the direction of the r
shold, M.

calculated as follows:

(Dr ~ M)/( Dy - A)]

represents the absolute value function;
- M) is the remaining/margin not used by printing variation;
- A) is the total theoretical margin based on the ideal measurement of the element(s).

illustrates\this principle.

e combinations nominally totalling 2 (or 3 or 4, etc.) modules] in the scan reflectance profile;

ting the
d by the
he term

hm (e.g.

combined width of two or more adjacent elements in symbologies whicly use edge to similar edge

or bar +

bference
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A B C
L 1 ;
T T
| |
- |
D |
| |
! !
E
Key
A average element width D total margin availahle
B width of most deviant element E  remaining margin

C  reference threshold
The shadgd area represents the range of measurements of the same type as A (e.g. narrow elements)(

Figure 6 — Principle of decodability measurement

More specific formulae applicable to either two-width symbologies or (n, &)\Symbologies are ddfined in
Annex A. Reference should also be made to the symbology specification:for the specific computation of

decodahility unique to each symbology.

5.4.10 Quiet zone check

The average narrow element width, Z, shall be calculated and tévised quiet zones determined based on this

dimensipn. R ERN of the quiet zones and R, of the quietZones, as used in the initial scan ref]

max’

ectance

profile gnalysis, shall be compared with new values obtaihed for the revised quiet zones. If the|value(s)

differ, then affected portions of the scan reflectance profile analysis shall be repeated.

6 Symbol grading

6.1 General

As a conpsequence of the use of diffeérent types of bar code reading equipment under differing conditions

in actual applications, the level af quality required of a bar code symbol to ensure an acceptable

level of

performjance will differ. Application specifications should therefore define the required performance in

terms of symbol grade in accordance with this document, following the guidelines in Clause E.3.

Symbol |grading shall be~iised to derive a relative measure of symbol quality under the measjirement
conditiops used. Eachyscan reflectance profile shall be analysed and assigned a grade on a descend|ng scale

from 4,
failure.

he scan‘reflectance profile grade for each scan reflectance profile shall be the lowest grag

to 0 in steps of 0,1. The grade 4,0 represents the highest quality, while the grade 0 represents

e of any

parameter inthat scan reflectance profile. The overall symbol grade shall be the arithmetic mean of|the scan
reflectapceprofile grades. If any two scans of the same symbol yield different decoded data, then thg overall

symbol grade, irrespective of individual scan reflectance profile grades, shall be 0. An example of §
quality grading is given in Annex C. For the interpretation of the scan reflectance profile and profile

symbol
grades,

see Annex E. Annex [ compares information related to the methodology described in this document to other

older methodologies of bar code print quality control that are considered traditional methodologies.

In order to determine the causes of poor quality grades, it is necessary to examine the grades for each

parameter in the scan reflectance profile in question as described in Clause E.2. For process
purposes, the averages of the grade for each parameter obtained from all the scan reflectance profil

control
es often

provide meaningful guidance (see Clause ].5). If the grades alone do not provide sufficient explanation, it can

sometimes be necessary to examine the plot(s) of the scan reflectance profile(s).
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6.2 Scan reflectance profile grading

6.2.1 General

The scan reflectance profile grade shall be the lowest grade of the following:

a) decode;
b) symbol contrast;
¢) minimum reflectance (R,;,);
d) mingrromnT cdgc contrast rAREmin)'
e) modulation;
f) defdcts;
g) dec¢dability;
h) anyladditional requirements imposed by the application or symbology specifieation.
It is applopriate to measure these parameters in the sequence given above,
6.2.2 Pecode
Decodallle symbols shall comply with the symbology specificationshotably in respect of character endodation,
start anfl stop patterns, symbol check character(s), quiet zones and intercharacter gaps (where applicable).
If the schn reflectance profile cannot be decoded using thesymbology reference decode algorithny, then it
shall redeive the failing grade 0. Otherwise, it shall receivethe grade 4,0.
6.2.3 Reflectance parameter grading
Depending on their values, symbol contrast, modulation and defects are graded from 4,0 to 0 in steps of 0,1;
minimum reflectance and minimum edge contrast grades are graded as either 4,0 or 0. These parfameters
are interdependent and need to be consideréd together.
Table 2 dlefines the parameter values corresponding to the various grades.
Table 2 — Reflectance parameter grading
Gragle Rinin AR ARgin Rwmop Dy
4,( <0,5 Ry 20,70 20,15 20,70 <0,1p

3,0t0|3,9 >0,55 and <0,70 20,60 and <0,70 <0,20 and >0,15

2,0t0]2,9 >0,40 and <0,55 >0,50 and <0,60 <0,25 and >0,20

1,0 to]1,9 >0,20 and <0,40 >0,40 and <0,50 <0,30 and >0,25

0to0,9 20,15 and <0,20 20,30 and <0,40
0 >0,5R,..¢ <0,15 <0,15 <0,30 >0,30

For SC, MOD and defects, the grade shall be computed as an interpolated value, rounded down the next 0,1
in between grade levels. For example, a SC of 52 % results in a grade of 2,8 and a MOD of 0,69 results in a
grade of 3,9. For the SC example, the decimal part of the SC grade is computed as the fraction of the range
for the grade of 2 (15 %) that the measured value (52 %) exceeds the minimum value for a grade of 2 (40 %),
computed as 2 + [(52 % - 40 %)/15 %] which is 0,8. In the lowest range (grades below 1,0), the grade shall
be interpolated from 1 down to 0, except defect which shall be 0 for all values greater than 0,30.

NOTE

By rounding down to the next 0,1, a value that is close to but not equal to or exceeding the next boundary, is
not rounded to the grade for the next higher level. For example, a value for a SC of 69,9 % would be graded as 3,9 rather
than 4,0.
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6.2.4 Decodability

The decodability value, V, for each scan reflectance profile shall be calculated in accordance with the formula
for the type of symbology in question set out in Annex A, supplemented where necessary by formulae specific
to the symbology in question, contained in the symbology specification. Decodability is graded from 4,0 to
0, rounded down to the next 0,1, in between grade levels according to Table 3. For example, a value V of 0,56
results in a grade of 3,5 and a VV of 0,20 results in a grade of 0,0.

Table 3 — Decodability grades

6.3 Expression of symbol grade

A symb

apertur¢ used. It should be shown in the format

G/A

where

G

A

For exarn
these sc
a 660 nr

If a veri
shall be
4-side li

vV Grade
=062 4-0
20,50 and <0,62 3,0-39
20,37 and <0,50 2,0-29
20,25 and <0,37 1,0-19
>0,20 and <0,25 0,0-09
<0,20 0

| grade is only meaningful if it is expressed in conjunction with the measurement light soyirce and

L/Y

indicates the overall symbol grade, i.e. the arithmetic mean of the scan reflectance profile g
one decimal place;

indicates the aperture reference number' from Table 1;

rades to

indicates the light source, by the light peak wavelength in nanometres for narrow band illunpination,

the letter “W” for white (broad*band) illumination, or other designator defined by an apj
specification;

indicates the lighting afigle (optional for the default of /45), with or without a light specifig
propriate.

hple, 2,7/05/6600ndicates that the average of the grades of the scan reflectance profiles is 2
hn reflectance‘profiles are obtained with the use of a 0,125 mm aperture (reference number
h light sourcé.

ier setupof ISO/IEC 15415, using lighting from four sides, is used (see 5.2.4) the lighting
included in the formal grade and shall explicitly indicate the lighting specifier, such as
bhtfrom 45°.

blication

1, as ap-

,7 when
05) and

bpecifier
45Q for
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Annex A
(normative)

Decodability

A.1 General

This annex defines general formulae for the calculation of the decodability value, V, for symbol(l)gies for
which tHe reference decode algorithm defines reference thresholds. These formulae may be supplemgnted by
additional formulae specific to an individual symbology and defined in the relevant symbology specification.
A.2 Two-width symbologies

In each §can reflectance profile, calculate Z and N for the whole symbol.

For eaclh symbol character or auxiliary pattern, calculate RT in accordance with the referencd decode
algorithm.

Then,

Vi=|Dr-¢)/(Dr-2)
Vy =|(E - D7)/[(N x Z) - Dr]
V¢ islequal to the lesser of V; or V,

The decpdability value, V, for the scan reflectance profile shall be the lowest value of V; for any symbol
charactgr or auxiliary pattern.

A.3 Edge to similar edge decodable symbologies [(n, k) symbologies]

If necesgary, in each scan reflectance profile, calculate Z for the whole symbol:

Z=3vg(S)/n

For each symbol character, determine a set of reference thresholds Tj:
— forallj=1ten-2(k-1):
T=1G +0,5) x S]/n

— foralli=1to2(k-1)andallj=1ton-2(k-1),Kis equal to the smaller of absolute value of (e; - Tj) or
the previous value of K, where ¢, is the measurement from the leading edge of element i to the leading
edge of element (i + 2).

Then, Vi = K/(S/2n).

The decodability value, V, for the scan reflectance profile shall be the lowest value of V; for any symbol
character or auxiliary pattern.
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Annex B
(normative)

Threshold calculation algorithm — Algorithm description

Start by creating a histogram of all sampled reflectance values within the scan reflectance profile, bounded
by the extents of the right and left quiet zones, and proceed as follows:

a) Init

b) For
(0t

1y
2)
3)
4)
5)

c) IfTy

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

every grey-scale value, "t", starting from the lowest grey-scale value to the highest gney-sc3
255 for an 8-bit image sensor):

compute the mean and variance of pixels below t and call it MeanDark and VatianceDark;
compute the mean and variance of pixels above or equal to t and call it MeanLight and Variar
compute Variance = VarianceLight + VarianceDark;

if Variance < minVariance, save Variance in minVariance and save tin Tmin;

if Variance = minVariance save t in Tmax.

NOTE This step is used to break ties. Tmin is the smallest grey-level where the variance is the mini
Tmax is the largest grey-level where the variance is the same ' minimum.

hax is zero, then optimal threshold T = Tmin; otherwise, T = (Tmin + Tmax) / 2.

ile value

ceLight;

mum and
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Annex C
(informative)

Example of symbol quality grading

dividual scan reflectance profile grading

This any

in Figurp 3, assuming measurement using a 900 nm (infrared) light source and a 0,125 mm apert|
particulpr values used in this example are meant to be illustrative and do not necessarily ‘match
precisel}.

Referring to Figure 3, the actual reflectance values may be determined graphically\in order to g

scan ref

The mi
is deter

0,5

Symbol
AR
Minimu
is 76 % -
Ryo
The mas

scan ref]
24 % =1

129

Assuming that the symbiebhas decoded correctly (as characters “Start $ M Stop” in “Code 39”) and
ility value, I/)has been calculated as 0,58, the following individual parameter grades and the scan

decodab
reflecta

Contrast is given by:

ectance profile.

ined to be 46 % by Annex B. R, satisfies the (0,5 x R ,,,) test by being less than:
82 % =41 %.

=82%-10% =72 %.

m edge contras, ARg,,;,, occurs on edge 4, wheke R, and R, are 76 % and 34 %, respectively.
- 34 % =42 %.

42 9% /72 %= 0,58

Jectance profile, can be found as the result of a void in element 7, a bar. ARy, is equal tq

/72 %=0,7.

ex illustrates the determination of the grades for the scan reflectance profile similar to thdt shown
ure. The

Figure 3
rade the

imum reflectance, R ,;, is 10 % while the maximum reflectance, R ,,.15.82 %. The global threshold

AREmin

fimum element reflectance non{uniformity (ARy,,.,) the largest non-uniformity or the defects in a

36 % -

2 %. Note that the ARy,,.«Can be in any bar, space or quiet zone. The defects value is therefpre:

that the

1).

hce profile grade can be determined for the scan reflectance profile in Figure 3 (see Table C

Table C.1 — Grades for the scan reflectance profile as shown in Figure 3

Parameter Value Grade
Decode 4,0
R 82 %

Ry 10 % 4,0
SC 82%-10%=72% 4,0
ARgmin 76 % -34% =42 % 4,0
MOD 42% /72 %=0,58 2,8
Dg 12% /72%=0,17 3,6
Decodability 0,58 3,6
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Since the lowest individual grade, in this instance the grade for MOD, is 2,8, the scan reflectance profile
grade is also 2,8.

C.2 Overall symbol grade

Assuming that a series of 10 scans of the symbol used in Figure 3 gave the following scan reflectance
profile grades:

2,1;2,1;3,0; 3,1;4,0; 2,0; 2,1; 1,9; 3,1; 2,8
The arithmetic mean of these grades is 2,62. This mean shall be truncated to only one digit after the decimal

i t T aot io o doaoin o] Ao o ae tlbh o fivct o tomaend oot a dh oo o dad oot qn ot ool A o o f th
poln . 1AL 19, Cllly Ul LIlliliar \AISIL dlIlCl LIICv 11T OV 1O lsllul AV § \_l dllICI UIIdITr 1T UuIliitfucu llluLll\,llluleull]J- 110 ur er

exampld, 2,699 shall be truncated to 2,6.

Hence, i this example the overall symbol grade, is 2,6. The result should be reported in the form:
2,6/05/660
If 4-sided lighting from 45° was in used, this would be reported as:

2,6/05/660/45Q
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Annex D
(informative)

Substrate characteristics

D.1 General

In certafin circumstances (e.g. the design and production of printed packaging materials incor
bar cod¢ symbols), it can be necessary or preferable to assess the acceptability of either substrat

colours,
in accor

Hance with this document.

D.2 Substrate opacity

The syn

final conffiguration, e.g. final filled package.

If it is npt possible to measure the symbol in this configuration, then the effects of show-through
contrasf interfering patterns may be ignored if when measured as follows, the substrate opacity i

greater.
surface

The opa

R,/
where

Ry

R,

'he reflectance of which is not more than 5 %.
City of the substrate shall be calculated as:

Ry

reflectance of which is 89 % or 'greater;

5 % reflectance.

D.3 Gloss

The ref¢rence illumination conditions specified for the measurement of reflectance should en

maximu

porating
s or ink

or both, for a given bar code application, before a bar code symbol is available, which can He tested

bol shall be graded in accordance with the reflectance parameters,in 672.3 when measurgd in its

of high-
0,85 or

If the opacity is less than 0,85, the symbol should be measured when backed by a uniform dark

is the reflectance of a samplelsheet of the substrate backed with a white surflace the

is the reflectance of theisame sample sheet backed with a black surface of not mqre than

hble the

rejectionof specular reflection while giving a representative assessment of the diffuse reflectance

of the symbol and’substrate. Highly glossy materials and those whose diffuse reflectance charadteristics
vary with théangle of incident and/or collected light can yield grades differing from those obtaingd by the
use of thereference optical arrangement.

D.4 Over-laminate

A symbol intended to be covered with a protective lamination should be graded according to the reflectance
parameters in 6.2.3 when measured with the laminate in place. The thickness of the laminate including its
adhesive should be as small as possible in order to minimize its effects on the reading performance of the symbol.
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D.5 Static reflectance measurements

D.5.1 General

In some cases, it is preferable to carry out static reflectance measurements of samples of the substrate on
which a bar code is to be printed and on colour patches or ink samples which replicate the colour in which
the bar code will be printed. The following guidelines provide a means which, if it is followed, predicts as
closely as is generally possible, the results that will be obtained when the symbol is scanned dynamically.

Static reflectance measurements should be made with the wavelength of light, the aperture size and the
optical arrangement which relate to the application and which are specified in accordance with 5.2.2 to 5.2.4.

Where 1
density
convertg

R=1

NOTE
contrast

the minifnum values for specified grades.

D.5.2

The pre
highest,

It is prolpable that in most bar code symbols, R

simulate
least 10

[t is pro
to simul
in pract
matches

The pre
AR’y

D.5.3

In order
contrast
symbol.
on sampl
is proba
each 1x

measurements may be made using a standard densitometer with an appropriate light |so
bd to reflectance values; density, D, and reflectance, R, are related as follows:

00/10P.

It is impossible to predict to a high degree of accuracy the symbol contrast(and, in particular,
which will be achieved in the printed symbol. It is therefore appropriate to alldw some safety marg

Prediction of symbol contrast

Hiction of SC requires that measurements of reflectance be‘made on samples which simy

R,.o and lowest reflectance, R, ;,,, areas which will be ptésént in the finished symbol.

max Will be fourid'in the quiet zone of the symbol; ther
the conditions found in the quiet zone, R, shoultl be measured in the centre of a samplg
in diameter, of the material on which the symbéel is to be printed.

pable that in most bar code symbols, R,;, will be found in the widest bars of the symbol; t
ate the conditions most likely to yield a,value of R ;,
ce, reflectance should be measured in-the centre of a strip of material 2x to 3x wide an
the colour in which the bars are to be printed.

licted value of SC, ARy, can then'be calculated as follows:

max Rmin

Prediction of minimum edge contrast, AR, ;,, and modulation

to assess the‘grade for modulation (MOD), it is necessary to predict the minimum valug
likely to hefound in practice. It is best to make measurements of edge contrast on the|
If that is\npt possible, the prediction of AR, ;, requires that measurements of reflectance
les which simulate the smallest reflectance difference which is found between adjacent ele
ble‘that in most bar code symbols, this condition is found where a light and a dark element w

eflectance measurement equipment meeting the requirements of this annex is not availablg, optical

rce and

the edge
Fin above

late the

efore, to
area, at

herefore

consistent with that which would e found

d which

of edge
printed
be made
nents. It
hich are

n‘width are adjacent to each other and where the element on the other side of the light eleinent is a

wide dark element.

To simulate this condition, a sample of material, which is of the colour in which the bar code symbol will be

printed,

should be cut to form a mask of the type shown in Figure D.1.
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Figure D.1 — Mask for static reflectance measurements

The magk shown in Figure D.1 should be made of a material that is as thin(as'is practical. It will

have some thickness and would therefore be capable of casting a shadow. Té ensure that the effect
are minjmized, it is essential that the light source(s) of the instrument gised to make the measurem
oriented to be in line with the long axis of the elements in which the measurements are being m
narrow fark element AA and the narrow light element BB should-gach be equal in width to the X di
of the syjmbol to be printed and the height of BB should be at least.20x or 10 mm, whichever is great

The medsurement of the reflectance value R, should be made in the narrow light element which if

however
s of this
ents are
hde. The
mension
er.

formed

when the mask in Figure D.1 is placed over a background®©fthe material and colour on which the bafr code is

to be printed.

The medsurement of the reflectance value R, should be made in the narrow dark element which if

formed

when the mask in Figure D.1 is placed over a bac¢kground of the material and colour on which the bajr code is

to be printed.

A predigted value of edge contrast, AR ;4 can then be calculated as the difference between Rg and

R,

For materials which do not satisfy-the tests for opacity, which are detailed in Clause D.2, the measufrements

which aye made for the purposeofpredicting AR and ARg,,;,, should be made with the test sample
by a uniform dark surface, the reflectance of which is not more than 5 %. The same measurement]
then be made with the test.samples backed by a uniform surface the reflectance of which is not |
89 %. The calculated valdes of static SC and ARg,,,;, shall be equal to or greater than the minimum v
the grade selected for the application, for tests on both the dark and light backgrounds.

A predidted valug-@f MOD’ can be calculated as the ratio of AR',,;,, and AR'g..

5 backed
s should
bss than
hlues for

All the grades—cerrespondinsto-thestatievalteso ard-AR and-te-the-derived-vatuefo
shall be equal to or higher than the minimum overall symbol gr:;r(lilg specified for the application.
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Annex E
(informative)

Interpretation of the scan reflectance profile and profile grades

E.1 Significance of scan reflectance profiles

The sca

reader, this signal is processed by an edge finding circuit prior to arriving at the decoder.

In order| to allow a variety of edge finding circuits to find the intended elements, the following ref
parameters should be considered:

the

symnbol contrast, modulation and minimum edge contrast should not be too.JoWw;

defdcts and minimum reflectance should not be too high.

In addit

E.2 Interpretation of results

When examining a symbol with a view to drawing conclusions about the possible causes of low
individual parameter grades should be examined, as well as the overall grade. There is a d
interdegendence between the parameters,but typical causes and effects are listed below. For

dec

dec

control
each pa

gain or Joss may be used for monitering the performance of a printer or printing press during an ¢
print ruh.

The barwidth gain

mayf be reported diréetly (as an average);

red
red

red

h reflectance profile represents the signal from a typical bar code scanning device. In &}

blobal threshold should be traversed by every edge in the symbol;
on, to allow a decoder to function, the following parameters should be considered:

Ide;
dability.

purposes, significant additional information may be derived by averaging the grades obtd
rameter for all scan reflectance ‘profiles. In particular, the measurement of the average b

ces EC;
ces MOD:;

ces'decodability

bar code

lectance

grades,
boree of
process
ined for
hr width
xtended

— if not systematic, decodability will suffer though the average bar width gain does not appear

excessive;

if systematic, decodability will appear low and the average bar width gain will be higher;

can cause decode failure if excessive.

The bar width loss

— may be reported directly (as an average);

— increases EC initially; when excessive, reduces EC;
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eases MOD initially; when excessive, reduces MOD;

increase R ;,;;

— reduces decodability

— ifnotsystematic, decodability will suffer though the average bar width loss does notappear excessive;

— Ccan

The irre

if systematic, decodability will appear low and the average bar width loss will be higher;
cause decode failure if excessive.

gular element edges

—  cau{
— may
The une
— decl
— decl
— can
— can
Voids an

— incr

e variations in decodability between scan reflectance profiles;
cause decode failure if excessive.

ven inking

eases EC;

eases MOD;

increase ARyax0

cause spurious elements to be detected (decode failure).

d/or specks

ease ERN;

— if excessive in size, they may cause spurious elements.to be detected (decode failure);

— can

cause edge determination failure.

E.3 Matching grades to applications

Symbold
systems

— vert
— tole
— abil
— the

Symbold
specify {

with differing grades can give geod performance in practice given the varying features of
notably:

ical redundancy;

Fances in decodingalgorithms;

ty of operatorstoTescan in the event of failure to read;
hvailability\of'scanning equipment with multiple scan paths.

with_differing grades can give good performance in practice. Application specification
he‘minimum acceptable grade (together with aperture size and shape and light wavelengt}

source)

bar code

5 should
| or light

Lo Suit the characteristics of the scanning environment.

Symbols with an overall grade of 3,5 or better are the best quality and will in principle perform most reliably.
This grade should be specified as a minimum where the reader crosses the symbol once only (with little
possibility of rescanning in the event of failure to read) or is limited to a fixed single scan path.

A symbol graded between 2,5 and 3,5 if scanned in a single path can require rescanning to decode. A
minimum grade of 2,5 is appropriate for systems where the symbol will be read on most occasions in a
single scan pass, but which allow for rescanning.

Symbols graded between 1,5 and 2,5 are more likely to require rescans than those with higher grades. For
best read performance, devices which provide for multiple scan paths across the symbol should be used or
the system should be prepared to allow frequent rescan attempts.
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Symbols with grades between 0,5 and 1,5 should be read by equipment providing for multiple, unique scan
paths across the symbol. Some readers can fail to scan some such symbols successfully. System designers
may therefore wish to provide for alternative means of data entry in such an event. Prior to the acceptance
of symbols of this grade for a particular application, it is recommended that the symbols should be tested
with the type of bar code reader to be used to determine that the results are within acceptable limits.

Symbols graded below 0,5 will have had a high proportion of “failed” scan reflectance profiles and are

unlikely to perform reliably with any reading equipment.

E.4 Alphabetic grading

Incertaﬁﬁﬂmmmmmmml 1 ificaa ; 1 ified usl 7B, C,
the numileric grades 4, 3, 2, 1 and 0, respectively, used in this document.

Overall $ymbol grading using this scheme is done according to Table E.1.

Fable E.1 — Overall symbol grading — Numeric and alphabetical grading-equivalencg

Numeric range Alphabetic grade
3,5t04,0 A
2,5t0<3,5 B
1,5to <2,5 C
0,5to<1,5 P
below 0,5 F

bpond to
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Annex F
(informative)

Guidance on selection of light wavelength

F.1 General

Subclauges 5.1 and 5.2.2 require measurements to be made using the wavelength of light which the intended
scanning environment will use. If, as can happen, an application specification does not specify the light
source, p judgment needs to be made in order to determine the most likely wavelength, to-enable valid
measurg¢ments to be made and to be sure that the results will be properly indicative,of)likely 4canning
performjance in the application.

F.2 Effect of variations in wavelength

The reflpctance of a substrate or bar code symbol element varies with the-wavelength of the incid¢nt light.
A black,|blue or green printed area will tend to absorb visible red light strongly (and appear theyefore of
low reflg¢ctance), whereas a white, red or orange area will reflect most’of the incident light. In the fnfrared
spectrum, the apparent colour of the element does not correlate at\dll with reflectance; it is the rjature of
the pignpentation used (e.g. the proportion of carbon content) which/governs reflectance. Taking reflectance
measuljid at 633 nm as a reference, when measured at 660 nmor 680 nm, the results can differ signfificantly
and suffliciently to cause the symbol grade to change by oné&er two units, or even more in the cas¢ of bars
printed pn some thermal papers.
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Annex G
(informative)

Guidance on the number of scans per symbol

Bar code symbols are designed to provide a considerable degree of vertical redundancy of the information
contained in them. Localized defects and variations in symbol characteristics can occur in the height of the

symbol,

resulting in the likelihood of scan reflectance prnfi]pc from different scan pnfhc across the Symbo]

differing
reflecta

The min
inspecti

Where t
be subije
formal ¢
scans pd
Refer to

F significantly. It is therefore necessary to assess the overall symbol quality by averaging scan
hce profile grades from multiple scan paths.

imum number of scans per symbol as defined in 5.2.6 should normally be 10 or‘the height of the
bn band divided by the measuring aperture diameter, whichever is lower.

he production process (in particular, in the circumstances defined in Clause J.1) has been ghown to
ct to a relatively low incidence of the defects and variations referred to@bove through docimented
juality assurance procedures in accordance with ISO 9000 and related standards, the nymber of
r symbol may be reduced in order to simplify the process of assessment of large numbers of §ymbols.
Clause ].2 for details of this reduction.
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Annex H
(informative)

Example of verification report

There exists a wide range of verification equipment designed to measure the quality of bar code symbols.
Table H.1 1llustrates an example report produced by one of these devices. Assummg that the report in

Table H.lwasc : ,
and witl a 660 nm llght source, the grade should therefore be reported as 3, 3/10/660

Table H.1 — Example of verification report

nber 10)

VERIFICATION REPORT
Date (YYYY-MM-DD) 2024-09-17 Time (HH:MM:SS) 16:12:36
Apertuye: 0,25 mm Wavelength: 660 nm
Symboldgy: Code 39 Decoded data: $M
Overall symbol grade: 3,3(B) Averaged over (nos of 1
scans) :

Scan reflectance profile analysis
Parametfler Value Grade
Decode Pass 4,0
Riax 79 % NA
Ruin 2% 4,0
Global |threshold 41 % NA
Symbol |contrast 77 % 4,0
Min. edge contrast 48 % 4,0
Modulatlion 63 % 3,32
Defects 16 % 3,8
Decodaldility 75 % 4,0
PCS 97 % NA
Averagq bar gain +3,0 % NA
Key
NA not |applicable
& Pardmeter gradéfs) determining scan reflectance profile grade.
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Annex I
(informative)

Comparison with traditional methodologies

I.L1 Traditional methodologies

Advice if given in this document to assist users, particularly producers of symbols, to comparelth¢ results

Traditio(Eally, two methodologies have been used to assess print quality in certain application étandards.
obtaine

with these traditional parameters, which are the following:

a) the measurement of bar element widths and particularly the amount of gain or loss from the [nominal
element dimensions;

b) the falculation of a PCS value from the reflectance values R; and Ry,

Where the symbols are used in an application which does not specify print g@ality in terms conformfing with
this docpment, these two parameters may be measured as part of the procedure to assess symbo| quality
and should be measured especially for the purposes of process controlin symbol production (see Annex J).
However, they are excluded from the grading scheme of this document because the criteria for ac¢eptance
or failuge which they use do not reflect the behaviour of scanding systems. Their optional inclpsion as
measurg¢d, but ungraded, parameters is to enable historical quality information to be correlated with the
method¢logy specified herein.

1.2 Correlation of print contrast signal with Ssymbol contrast measurements

The spegifications of a number of bar code applications provide for the contrast between bars and spaces or
background to be assessed in terms of print contrast signal ; these specifications define a minimum]|value of
PCS for qcceptability. In some cases, this is 3 fixed value (e.g. Pg 1, = 0,75 is a commonly specified yalue); in
others, Rcs iy is itself a function of the background reflectance.

Print coptrast signal is calculated acé¢ording to the following formula:

Pcs 3 (R, - Rp)/R,,
where

Pcg| isthe PCS;
R, | isthebackground (space) reflectance;

Ry | Asthe bar reflectance.

Many of the specifications referred to above do not define the points at which R; and R}, are measured. There
is therefore a risk of inconsistency in the value determined for PCS. Furthermore, the profile evaluation
techniques defined in this document more closely represent the nature of bar code scanning than do methods
based on PCS. Consequently, when PCS is used for print quality evaluation, symbols that offer good reliable
performance can fail the minimum PCS requirement and symbols that meet is not scan reliably.

It is, however, possible to relate PCS measurements to symbol contrast measurements by taking R; as equal
to R,,,xand Ry as equal to R ;,, (@an assumption which does not necessarily represent the actual measurement
of PCS by a given device). PCS and SC may then be calculated from each other as follows.

Pcs=ARgc /R

max
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