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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
committees

ISO or IEC participate in the development of International Standards through technical
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 procedu

res 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 ISO/

IEC Directive
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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 they can refer to when developing equipment and application standards or determining the quality
of the symbols. Such test specifications form the basis for the development of measuring equipment for

process contfrol and quality assurance purposes during symbol production, as well as afterwards.

This edition pf this document introduces several new methods of grading bar code symbols.that
the stability|of results and modernize the grading method to be more in alignment with nfoder
bar code scapnning. Further details about the changes made in this edition of this document are

Annex K.
The perform

This docums
code symbo
an applicatid

This method
for commun

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

nt is intended to be read in conjunction with the symbology specification applicak
being tested. The symbology-specification provides syihtbology specific details.
n specification is required to apply this document.

ology provides symbol producers and their trading,partners a universally standar
cating about the quality of bar code symbols after they have been printed.

will improve
n methods of
discussed in

le to the bar
Additionally,

dized means
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Automatic identification and data capture techniques — Bar
code print quality test specification — Linear symbols

the methodology 1or the measurement oI SpeclIiC attributes o1 bar code symbols,

1 Scope
This document
— specifie
— defines

quality,

appropr

This documd

which are intended to be read using linear scanning methods, but its methodology can be appl

or wholly to

2 Norma

gives information on possible causes of deviation from optimum grades toxassist use

b method for evaluating these measurements and deriving an overall assessmel
hnd

jate corrective action.

nt applies to those symbologies for which a reference decode algorithm has been

other symbologies.

tive references

it of symbol

rs in taking

defined, and
ied partially

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 197
Vocabulary

3 Terms

For the purp
ISO and IEC
SO Onli

IEC Elec

3.1
bar reflectg

s of this document. For dated references, onlythe edition cited applies. For undate
tion of the referenced document (includingany amendments) applies.

b2, Information technology — Automatic identification and data capture (AIDC) t]

and definitions

maintain terminology databases for use in standardization at the following addres;

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

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

nce

 references,

pchniques —

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

es:

lowest reflectance vatue i the scan reftectance profite of a bar etemernt

3.2
defect
irregularity

3.3

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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global threshold
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

measuring aperture

aperture
opening wh
magnificatiqg

Note 1 to ent

3.8
modulation
ratio of the 1

3.9
peak
point of high

3.10
sample ares
effective are

3.11
scan path
line along wl

3.12
space
light elemen

3.13
space refled
highest reflg

3.14
symbol con
difference bq

3.15

ilch governs the effective sample area (3.10) of the symbol, and the dimensions)o6f

n is equal to that of the sample area

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

ninimum edge contrast to symbol contrast

er reflectance in a scan reflectance profile with points.of lower reflectance on eith

)
 of the symbol within the field of view of théuneasurement device

hich the centre of the sample area (8£10) traverses the symbol, including quiet zone;

tance
ctance value in\the scan reflectance profile of a space element or quiet zone

frast
btweennthe maximum and minimum reflectance values in a scan reflectance profilg

which at 1:1

br side

f corresponding to a region’of a scan reflectance profile above the global threshold (3.5

valley

point of lower reflectance in a scan reflectance profile with points of higher reflectance on either side

© ISO/IEC 2025 - All rights reserved
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4 Symbols and abbreviated terms

and valleys

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 pdge to similar edge measurement, counting from leading edge of symbol charagtey
F factor used to soften the effect on defect grades derived from small changes jpeaks
within an element
K smpllest absolute difference between a measurement and a reference threshold
k number of element pairs in a symbol character in a (n, k) symbology
M widlth of element showing greatest deviation from A
number of modules in a symbol character
avgrage achieved wide to narrow ratio
number of modules in a symbol character in a (1,k) symbology
Pcg print contrast signal
Ry baf reflectance
R, dark reflectance
R, light reflectance
Rax maximum reflectance
Roin mipimum reflectance
Ryop ~ madulation
R spdce reflectance
ARgin  Mmipitdum 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 ed
ERN elg
GT gld
MOD m

PCS pr
SC sy
SRP SCi
5 Measu
5.1 Genel

The measur
both reflect
methodology

Measuremer

aperture of dimensions defined by the application specification or determined in accordance w

5.2.3. A circ
may define d

Whenever p
configuratio
be used for 1

This documg

e contrast

ment reflectance non-uniformity
bal threshold

dulation

nt contrast signal

mbol contrast

hin reflectance profile

rement methodology

ral requirements

ement methodology defined in thiS document is designed to maximize the c
vity and bar and space width, measurements of bar code symbols on various su

ts shall be made with aldefined light source (such as a single light wavelength) and

hlar aperture is defined by its diameter in accordance with Table 1. Application s
ther aperture diameters or shapes.

bssible, measurements shall be made on the bar code symbol in its final configur
h in which'it is intended to be scanned. If this is impossible, refer to Annex D for t}
heasurinhg reflectance for non-opaque substrates.

sistency of

gEtrates. This
 is also intended to correlate. with conditions encountered in bar code scanning hapdware.

a measuring
ith 5.2.2 and
becifications

hition, i.e. the
e method to

ent{defines the method of obtaining a quality grade for individual symbols. Anne

kK H provides

an example

ol a report that contains the overall grade and other measurements made Dy a

evice which

implements the method described in this document. The use of this method in high volume quality 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 28590.

© 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 measured reflectance values shall be expressed in percentage by means of calibration to a reference

reflectance s

NOTE
as 100 %.

M(

5.2.2 Measurement light source

The light so
intended sc:
measuremer
expected to
illumination

5.2.3 Meajsuring aperture

The nominal
suit the inter
all measure
define an ap
to X dimens
specification
shall be subs

NOTE1 Th
the measurin
the measurin
environment

aperture that
modulation,

not fill in unia]:entional voids that'would lead to low grades or undecodable symbols. On the other hand

NOTE2 A
effective mea
are specified

oo o I T o ST eIt rrocreere ey

ximum diffuse reflectance, traditionally comparable to barium sulphate or magnesium g

inning environment. When the light source is not specified.id the application 5
its should be made using the light source that approximates\most closely to the
be used in the scanning process. Light sources may.inglude narrow band or
Refer to Annex F for guidance on the selection of the light'source.

diameter of the measuring aperture should bespecified by the user application sp¢
lded scanning environment. In an application'where a range of X dimensions can be §

brture appropriate to the smallest X diménsion to be encountered or a variable ape
on of the symbol. When the meastring aperture diameter is not specified in thg
, Table 1 should be used as a guide. In the absence of a defined X dimension, the
tituted.

e choice of aperture size is\yéry important for symbol grades to be measured consistent
b aperture affects whethervoids in the symbol is “filled in” during the verification proce
b aperture that is selected with reference to the range of nominal module size and the expe
will lead to measurenients that are appropriate for the application. An aperture that is

is too large blursindividual modules that are narrow relative to the aperture diameter, re
d sometimes.can prevent the symbols with small element widths from being decoded.

bracticalinistrument is subject to manufacturing tolerances and optical affects that affe
surifigyaperture diameter which results in deviations in measurements. The measuremsg
ni8O/IEC 15426-1.

xide, is taken

urce used for measurements should be specified in the application specification to suit the

pecification,
light source
broad band

bcification to
bncountered,

ments shall be made with the aperture(s) appropriate to the application. Applications may

ture related
e application
7 dimension

y. The size of
ss. Therefore,
rted scanning
oo small will
, a measuring
sulting in low

rts the actual
nt tolerances

Depending upon the specified aperture size and the dimensions of the actual elements within a symbol, the
width of some of the narrow elements can be smaller than the measuring aperture diameter.

© ISO/IEC 2025 - All rights reserved
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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 pm, which
approximates to the measuring aperture diameter in thousandths of an inch.

NOTE3 Th

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

5.2.4 Optical geometry

The referend

a) asourcd
to the sy
surface
b) alightc
The light re
at the verte)
aperture, th

NOTE  Fig

e optical geometry for reflectivity measurements shall consist of:

of incident illumination which is uniform across the sample area at 45° from a p
rface, and in a plane containing the illumination source that shall be‘both perpend
hnd parallel to the bars;

llection device, the axis of which is perpendicular to the surface:

lected from a circular sample area of the surface shall\be’ collected within a co
k of which is 15° centred on the perpendicular to theysurface, through a circul
e diameter of which at 1:1 magnification shall be eqaivalent to that of the sample ar

ure 1 illustrates the principle of the optical arrangemént but is not intended to represent an

This refere
of diffuse
of measure
exactly to th
that their pg
subclause.

[t is commor

e geometry is intended to minimize the effects of specular reflection and to maj

r&rlection from the symbol. It is intendedté’provide a reference basis to assist the

ent. The actual optical geometry of individual scanning systems does not alwayj{
is reference geometry. Alternative optical geometries and components may be us
brformance can be correlated with that of the reference optical arrangement de

for an application to use-both linear and two-dimensional symbols. Optical setup;s

symbol qualiity assessment typically-employ lights from four sides at 45°. Application specif

consider sps
one light at 4
quality asse;s

NOTE Fo
geometry def

cifying the reference optical geometry from ISO/IEC 15415, which consists of foul
}5° and denoted byythe lighting specifier “/45Q” as the default, if verifiers that are
sment of two-dimensional symbols are preferred to be used in the application.

I applicatign_specifications employing the lighting specifier “/45Q” as the default, refer
ned ISQ/IEC 15415.

erpendicular
icular to the

e; the angle
measuring
ea.

actual device.

kimize those
consistency
correspond
ed, provided
fined in this

used for 2D
cations may
rather than
hlso used for

Lo the optical

© ISO/IEC 2025 - All rights reserved
6


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

ISO/IEC 15416:2025(en)

~
)
<

light senging element

aperturelfat 1:1 magnification (measurement 6 is equal to measurement 7)
baffle
sample
light soufce
image ditance
object distance
lens
incident light angle

© Q2 ® N o Ul A W N R

collected|light cone angle

Figure 1 — Reference optical arrangement

5.2.5 Inspection band

The area wjithin which™ all measurement scan paths shall lie shall be contained betwedn two lines
perpendicular to the-height of the bars of the symbol, as illustrated in Figure 2. The lower [line shall be
positioned af a,distance above the average lower edge of the bar pattern of the symbol while the upper line
shall be positiofnied at the same distance below the average upper edge of the bar pattern of the pymbol. This
distance shall be equal to 10 % of the average bar height or the measuring aperture diameter, whichever is
greater. The inspection band shall extend to the full width of the symbol including quiet zones.

© ISO/IEC 2025 - All rights reserved
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4 4
i i 12
Jli,,,
Ii,,,
sl IEE E0N N

1

3

inspectign band (normally 80 % of average bar height)
10 % of gqverage bar height, or aperture diameter if greater, above inspection bahd
10 % of gverage bar height, or aperture diameter if greater, above average bar\bottom edge

1

2

3

4  quietzores
5  scanning|lines
6

average Bar bottom edge

Figure 2 — Inspection band

5.2.6 Nunpber of scans

In order to provide for the effects of variationsin symbol characteristics at different positions in|the height of
the bars, a nimber of scans shall be performed across the full width of the symbol including both quiet zones
with the appropriate measuring aperture and a light source of defined nominal wavelength.[These scans
shall be approximately equally spaged-through the height of the inspection band. The minimhum number
of scans per|symbol should normally’be 10 or the height of the inspection band divided by the measuring
aperture digmeter, whichever isJower. Refer to Annex G for guidance on the number of scans.

The overall jquality grade 6f the symbol is determined by averaging the quality grades of the individual
scans, in accprdance with Elause 6.

5.3 Scan reflectance profile

Bar code symbel-quality assessment shall be based on an analysis of the scan reflectance profiles. The scan
reflectance profiteisaplotof Teftectance against timear distance across the symbol 1 stamming speed is
not constant, 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
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100

Key
P
R

linear pofition
reflectivify

5.4 Scan reflectance profile assessment parameters

5.4.1 Gengral

The scan ref

reflectance profile as Figure 3 with certain features indicated.

Figure 3 — Scan reflectance profile

ectance profile parameters described in 54.2 to 5.4.9 shall be assessed for complia
document. Grading of the scan reflectance profile parameters is described in 6.2. Figure 4 is t}k

hce with this
e same scan

R A A
100 |-
MA/ T,T____________“__________________P\_/_ —~B
0N
C
R R Lo — - —H+—1—E
————————————————————————— S ——————[)
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 each space, R, - T;; represents its reflectance margin above the global threshold. For each bar, T; - R,

representsi
reflectance
caution user

NOTE2 Th

J:argin for any element is less than 5 % of the symbol contrast of a symbol. Thig-wa

5 to consider the possibility that this symbol is close to a failing grade for edge déts

is warning is not required but recommended as helpful information to verifier‘users, es

intermittent fpilure of edge determination causes symbol grade variation.

5.4.3 Edgq
An element ¢
the mid-poiy
more than o
the element
quiet zones ¢

5.4.4 Decq

p determination

bdge shall be defined as being located at the point where thé scan reflectance prof
t between R, and R}, of two adjacent regions, i.e. where.the reflectance value is (
e point satisfying this definition exists between adjoining elements, then the edge
widths will be ambiguous and the scan reflectance¢rofile shall fail the decode pa
Ind intercharacter gaps, if any, are considered to Be spaces.

bde

The symbol¢gy reference decode algorithm shall bé used to decode the symbol using the el

determined

n steps 5.4.2 and 5.4.3. This algorithmican be found in the symbology specification.

5.4.5 Sympol contrast

Symbol cont

ARsc =R

where

R is

b

max

R, 1S

rast is calculated as:

hax — Rmin

the average-of the highest 3 % of sampled reflectance values within the scan reflect
unded-bythe extent of the left and right quiet zones;

thé-gverage of the lowest 3 % of sampled reflectance values within the scan reflect

he minimum
rning should
rmination.

becially when

le intersects
R, + R)/2. If
position and
rameter. The

ement edges

ance profile,

ance profile,

b

uhded hy the extent of the left and righf nlnim- zones

NOTE

The use of an average for R

max and Rmin

is a new feature introduced into this revision of this document and

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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5.4.7 Modulation

Modulation is calculated as:

ARyop =

ARNmax/ ARSC

5.4.8 Defects

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

Element reflectance non-uniformity within an individual element or quiet zone is the difference between
the reflectance of the highest peak and the reflectance of the lowest valley. When an element consists of a

single peak pr valley, its reflectance non-uniformity is zero. The highest value of element reflctance non-
uniformity fpund in the scan reflectance profile is the maximum element reflectance non-ufiifeymity. Defect
measuremenjt is expressed as the ratio of the maximum element reflectance non-uniformity, ARy, tO
symbol contfast. The element non-uniformity is modified according to a), b) and c), andcalculated in d) in a

way that re
a) Definet
NOTE 1
— asm
— ana
NOTE 2
constant
b) For each
1) for ¢
i)
ii)
iii)
iv)
v)
vi)
vii)

uces the impact of small variations in reflectivity.

ne defect adjustment constant, ¢, as ¢ = 0,075 x ARg, where AR is the SC of the SR
c corresponds to the following:

all amount of “noise” to be reduced to eliminate instability in nfeasurement;

mount of contrast difference that is small enough for scannérs'to ignore.

The original definition of "defect", prior to the preyious revision of this document, cor
c value of 0.

bar element
ach positive peak maxima in the element:

find the lowest valley to the left of it within the element, called R

minLeft’

find the lowest valley to the right of it within the element, called R, rigne

calculate ERN, as thepeak maximum minus the R ;1 co

calculate ERN asithe peak maximum minus the R

right minRight;

take the lesser@fERN,.;, and ERN .}, as ERN' (ERN prime);

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

Fesponds to a

calculatethe provisional ERN for this peak only as F multiplied by the maximum of (ERN,,,

ERNright)'

AL

as the ERN

2) takettremaximmumrof the provisiomat ERNvatues fronmrattiterations of the previous ste
of this element.

c¢) Same as

b) for each space element, and as follows.

1) For each negative valley minima (a local minima):

i)
ii)
iii)

iv)

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

maxLeft’

find the highest peak to the right of it within the element, called R, ,rigno

calculate ERN, as R minus the valley minimum;

maxLeft

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 ERN) ¢ and ERN ., as ERN' (ERN prime);

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:

DF = ARNmax / ARSC

To illustrate| the functioning of this algorithm, three examples are given in in Figure 5 of a.§
SRP, each shpwing the reflectivity of bar elements which contain one or more peaks and valley
horizontal lipe labelled T represents the global threshold. The symbol M in Figure 5 shows th

difference that is equal to the constant c times the symbol contrast.

The leftmost portion of the SRP shown in Figure 5 is an example of a case in which the defe

ection of an

minima. The

e reflectivity

ct value will

be reduced because the difference in reflectivity between point B and A is less than the height of element

M. The defe¢t will be reduced because ERN,.¢, which is the difference in reflectivity betwee
very small (jn particular, it is much less than the height of element M)-and therefore the fac

n A and B, is
for F will be

correspondipgly small in step c) vi). The defect for this element will therefore be a small factor fnultiplied by

the differendge in reflectivity between B and C.

The middle portion of the SRP shown in Figure 5 is an examplésthat shows a case where mar
valleys existiwithin an element, but ERN, (the difference between E and D) is much larger th:
of element M. Therefore, defect measurement is not be affected by step c) vii because the factor

to 1 in step d) vi).

y peaks and
in the height
F will be set

The rightmdgst portion of the SRP shown in Figure(57is an example is actually equivalent t¢ the middle

example in s much as this algorithm is concerned, even though ERN,,¢ and ERN ,,,, are diffe
local maximh. In particular, the difference in:deflectivity between F and G is again much lar

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

rent for each
per than the

|/ \\f\/} \j\
% D G

a) Defect is reduced b) Defect is not reduced

c) Defect is not reduced

Key

A local minimum in first example element E local maximum in second example element
B local maximum in first example element F  local maximum in third example element

C element minimum of first example element G element minimum in third example element
D element minimum of second example element

Figure 5 — Examples to illustrate ERN calculation

© ISO/IEC 2025 - All rights reserved
12


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

ISO/IEC 15416:2025(en)

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
consumed by the printing process and is thus available for the scanning process. When calculating the
decodability value, V, for a scan reflectance profile, regard shall be to the measurements required by the
reference ddcode algorithm in the relevant symbology specification. In the following paragraph, the term
"measuremegnt” shall be taken to refer to either

— a single element width in symbologies which use these directly in the reference decode algorithm (e.g.
“Code 39”), or

— the compined width of two or more adjacent elements in symbologies which use edge to [similar edge
measurg¢ments for decoding (e.g. “Code 128”).

The decodahility value is calculated with reference to the following:

a) the averjage achieved width, 4, for measurements of a particular‘type [e.g. narrow elemepts, or bar +
space cdgmbinations nominally totalling 2 (or 3 or 4, etc.) modules] in the scan reflectance pjrofile;

b) the refefence threshold applicable to measurements of the'same type as A (Dy);

c) the actyal measurement showing the greatest deéwiation from A in the direction of the reference
threshold, M.

V can be caldulated as follows:

V=|(Dy { M)/( Dy - A)

where

[ represents the abselute value function;
(Dy - M) is the remainifigmargin not used by printing variation;
(D - A)| is the total'theoretical margin based on the ideal measurement of the element(s).

Figure 6 illuftrates-this principle.

© ISO/IEC 2025 - All rights reserved
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A\ B C

| ]

- |

D |

| |

| |

E

Key
A average element width D  total margin available
B width of most deviant element E  remaining margin

C  referencg¢ threshold
The shaded aifea 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,, k) symbologies arfe defined in
Annex A. Rdference should also be made to the symbology specificationfor the specific copnputation of
decodabilityjunique to each symbology.

5.4.10 Qui¢t zone check

The average|narrow element width, Z, shall be calculated and&evised quiet zones determined Based on this
dimension. g, .., ERN of the quiet zones and R, of the quiet zones, as used in the initial scan reflectance
profile anal}sis, shall be compared with new values obtained for the revised quiet zones. If|the value(s)
differ, then affected portions of the scan reflectance prefile analysis shall be repeated.

6 Symbad|l grading

6.1 General

As a conseqpence of the use of different types of bar code reading equipment under differing conditions
in actual applications, the level of quality required of a bar code symbol to ensure an acceptable level of
performance¢ will differ. Application specifications should therefore define the required peirfformance in

symbol grade, 1rrespect1ve of 1nd1v1dual scan reflectance proflle grades shall be 0. An example of a symbol
quality grading is given in Annex C. For the interpretation of the scan reflectance profile and profile 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 control
purposes, the averages of the grade for each parameter obtained from all the scan reflectance profiles 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).

© ISO/IEC 2025 - All rights reserved
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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

min);

d) minimum edge contrast (ARg,i,);

e) modulatjfform;

f) defects;

g) decodalility;

h) anyadd

[t is appropr

6.2.2 Decq

Decodable sy
start and st
If the scanr
shall receive

tional requirements imposed by the application or symbology specification.

ate to measure these parameters in the sequence given above.

bde

rmbols shall comply with the symbology specification, notably in respect of characte
p patterns, symbol check character(s), quiet zones.and intercharacter gaps (wheré
bflectance profile cannot be decoded using theSymbology reference decode algor
the failing grade 0. Otherwise, it shall receivethe grade 4,0.

Fencodation,
e applicable).
ithm, then it

6.2.3 Reflpctance parameter grading
Depending on their values, symbol contrast, modulation and defects are graded from 4,0 to 0 ir] steps of 0,1;
minimum reflectance and minimum edge contrast grades are graded as either 4,0 or 0. Thesd parameters
are interdependent and need to be consideréd together.
Table 2 defirjes the parameter values cdrresponding to the various grades.
Table 2 — Reflectance parameter grading
Grade Rinin AR ARgin Rwmop Dy
4,0 <0,5 Ry 20,70 20,15 20,70 <0,15
3,0t03,9 >0,55 and <0,70 20,60 and <0,70 <0,20¢ and >0,15
2,0t029 >0,40 and <0,55 >0,50 and <0,60 <0,2% and >0,20
1,0to 1,9 >0,20 and <0,40 >0,40 and <0,50 50,3(|) and >0,25
0to 0,9 >0 15-and—~<0;26 >6;360-anrd—~<6;46 I
0 >0,5 Rpax <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

vV Grade
>0,62 4,0
20,50 and <0,62 3,0-3,9
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

6.3 Exprdssion of symbol grade
A symbol grade is only meaningful if it is expressed in conjunction with the measurement light source and
aperture usdd. It should be shown in the format

G/A/L/Y|

where

G indifates the overall symbol grade, i.e. the arithmetic mean of the scan reflectance profile grades to
oneldecimal place;

A indifates the aperture reference numbef/ from Table 1;

L indifates the light source, by the light peak wavelength in nanometres for narrow band Jllumination,
the |etter “W” for white (broad band) illumination, or other designator defined by an application
spegification;

Y indifates the lighting angle (optional for the default of /45), with or without a light sp4cifier, as ap-
propriate.

For example
these scan r¢
a 660 nm lig

If a verifier

2,7/05/660indicates that the average of the grades of the scan reflectance profile
pflectance’profiles are obtained with the use of a 0,125 mm aperture (reference nury
ht source.

shall be incl

4-side light from 45°.

5 is 2,7 when
hber 05) and

ing specifier

etupof ISO/I
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A.1 Gene

This annex
which there
additional fo

A.2 Two-

In each scan

For each symbol character or auxiliary pattern, calculate RT in accordanhce’ with the refer
algorithm.
Then,

Vi=(Drpe)/(Dr-Z)

V= (E~|Dp)/I(N x Z) = D]

V¢ is equpl to the lesser of V; or V,

The decodalbyility value,

character or

A.3 Edge

If necessary,

Z =avg($

For each symbol character, determine a set of reference thresholds Tj:

— forallj4

ISO/IEC 15416:2025(en)

Annex A
(normative)

Decodability

ral

defines general formulae for the calculation of the decodablllty Value

mulae spec1f1c to an 1nd1v1dua1 symbology and deflned in the relevant symbology S

width symbologies

reflectance profile, calculate Z and N for the whole symbol.

V, for the scan refleetance profile shall be the lowest value of V. for
auxiliary pattern.

to similar edge decodable symbologies [(n, k) symbologies]

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

)/n

lron -2(k-1):

for symbologles for

pRlemented by
pecification.

ence decode

any symbol

7= 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; - T) or
the previous value of K, where e, is the measurement from the leading edge of element i to the leadlng
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) Initialize the variable minVariance to a very large number and initialize Tmin and Tmax to zero.

b) For every grey-scale value, "t", starting from the lowest grey-scale value to the highest gte}-scale value
(0 to 25% for an 8-bit image sensor):

1) comlpute the mean and variance of pixels below t and call it MeanDark and VafianceDayk;
2) compute the mean and variance of pixels above or equal to t and call it Meanl.ight and V4rianceLight;
3) compute Variance = VarianceLight + VarianceDark;

4) if Vqriance < minVariance, save Variance in minVariance and savetin Tmin;
5) if Vdriance = minVariance save t in Tmax.

NOT[E This step is used to break ties. Tmin is the smallest grey-level where the variance is the minimum and
Tmal is the largest grey-level where the variance is the same' minimum.

c¢) If Tmax |s zero, then optimal threshold T = Tmin; otheswise, T = (Tmin + Tmax) / 2.

© ISO/IEC 2025 - All rights reserved
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Annex C
(informative)

Example of symbol quality grading

idual scan reflectance profile grading

This annex 1llustrates the determmatlon of the grades for the scan reflectance proflle similar to that shown

in Figure 3
partlcular \%
precisely.

Referring to
scan reflectd

The minimu
is determing

0,5 x 82

Symbol cont
Minimum ed
is 76 % - 34

The maximuy
scan reflectd

24 % =12 %,
12% /7

Assuming th
decodability

reflectance profilegrade can be determined for the scan reflectance profile in Figure 3 (see Tah

1lues used in thls example are meant to be 1llustratlve and do not necessarlly m3

Figure 3, the actual reflectance values may be determined graphically in order
nce profile.

m reflectance, R ;, is 10 % while the maximum reflectance, R
d to be 46 % by Annex B. R

max 15 82 %. The glok
satisfies the (0,5 x R,,) test by Being less than:

min

o = 41 %.

Fast is given by:

P % - 10 % =72 %.

ge contras, ARg,;,, occurs on edge 4, whepe R, and R, are 76 % and 34 %, respect]
% =42 %.

0 / 72 % = 0,58
m element reflectance non=uniformity (ARy,,,,) the largest non-uniformity or the

ince profile, can be found.as the result of a void in element 7, a bar. ARy, is equ
Note that the ARy,,,,,.Casl be in any bar, space or quiet zone. The defects value is th

% =0,17.

at the symbolhas decoded correctly (as characters “Start $ M Stop” in “Code 39”)
value, V-lfas been calculated as 0,58, the following individual parameter grades

aperture. The

tch Figure 3

to grade the

al threshold

ively. AR in

defects in a
al to 36 % -
erefore:

and that the
hnd the scan
le C.1).

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
point. That is, any decimal digit after the first is ignored (rather than rounded mathematically). As a further
example, 2,699 shall be truncated to 2,6.

Hence, in this example the overall symbol grade, is 2,6. The result should be reported in the forJn:
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 certain circum
bar code symbe

colours, or b
in accordand

D.2 Subs

The symbol
final configu

If it is not p
contrast intq
greater. If th
surface the 1

The opacity
Ry / Ry

where

is t
refl

Ry

R, ist

5%

D.3 Gloss

The referen
maximum re

stances (e.g. the design and production of printed packaging materials i

oth, for a given bar code application, before a bar code symbol is available, whichg
e with this document.

rate opacity

shall be graded in accordance with the reflectance parameters in6.2.3 when me
Fation, e.g. final filled package.

bssible to measure the symbol in this configuration, then-the effects of show-thrg
rfering patterns may be ignored if when measured as follows, the substrate opac
e opacity is less than 0,85, the symbol should be measured when backed by a y
eflectance of which is not more than 5 %.

bf the substrate shall be calculated as:

he reflectance of a sample‘sheet of the substrate backed with a white
pctance of which is 89 % or greater;

he reflectance of the same sample sheet backed with a black surface of not
reflectance.

ncorporating

trates or ink
an be tested

hsured in its

ugh of high-
ty is 0,85 or
niform dark

surface the

more than

Ce illumingtion conditions specified for the measurement of reflectance shoul

of the symb

enable the

jectiom-of specular reflection while giving a representative assessment of the diffusg reflectance
bl and’ substrate. Highly glossy materials and those whose diffuse reflectance chpracteristics

vary with the angle of incident and/or collected light can vield grades differing from those obtlained by the

use of the reference 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 reflectance measurement equipment meeting the requirements of this annex is not available, optical

source and

density mea
converted td

R=100/
NOTE It

contrast whid
the minimum

surements may be made ncing a standard densitometer with an :\pprnpri:\fp ]igh

reflectance values; density, D, and reflectance, R, are related as follows:
100D,
s impossible to predict to a high degree of accuracy the symbol contrast/and, in partic

h will be achieved in the printed symbol. It is therefore appropriate to allow some safety
values for specified grades.

D.5.2 Pre
The predict

highest, R .|

It is probablg
simulate the
least 10x in

It is probabl
to simulate
in practice,
matches the

The predictg

AR,SC = Bmax

],0.

iction of symbol contrast

n of SC requires that measurements of reflectance bé. made on samples which
,and lowest reflectance, R ;,, areas which will be ptesént in the finished symbol.
 that in most bar code symbols, R, will be foud'in the quiet zone of the symbol;
conditions found in the quiet zone, R, should be measured in the centre of a sa
liameter, of the material on which the symbolis to be printed.

e that in most bar code symbols, R ,;, will be found in the widest bars of the symb

the conditions most likely to yield avalue of R ,;, consistent with that which wo

1lar, the edge
margin above

simulate the

therefore, to
mple area, at

ol; therefore
1ld be found

reflectance should be measured .in*the centre of a strip of material 2x to 3x wide and which

colour in which the bars are to be printed.
d value of SC, ARy, can thén'be calculated as follows:

- Rmin

D.5.3 Pre

iction of minimum edge contrast, ARy, ;,, and modulation

In order to gssess thegrade for modulation (MOD), it is necessary to predict the minimum v
contrast likgly to be-found in practice. It is best to make measurements of edge contrast on

alue of edge
the printed

symbol. If that j$not possible, the prediction of AR ;, requires that measurements of reflectance be made

on samples
is probable t

elements. It

hlch 51mulate the smallest reflectance dlfference Wthh is found between ad]acen

nt which are

each 1x in width are adjacent to each other and where the element on the other side of the light element 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

own in Figure D.1 should be made of a material that is as thin,as’is practical. It
hickness and would therefore be capable of casting a shadow.\Td ensure that the ¢
bd, it is essential that the light source(s) of the instrumentused to make the measy

will however
ffects of this
rements are

pe in line with the long axis of the elements in which the'measurements are bei

| to be printed and the height of BB should be at least 20x or 10 mm, whichever is
sk in Figure D.1 is placed over a background-of the material and colour on which t

ement of the reflectance value Ry should be made in the narrow dark element whi
skin Figure D.1 is placed over a background of the material and colour on which t

value of edge contrast, AR 'giis can then be calculated as the difference between R

s which do not satisfy the'tests for opacity, which are detailed in Clause D.2, the m

by a unifor

hde for the purpose of predicting ARy and ARg;, should be made with the test sar
dark surface, thereflectance of which is not more than 5 %. The same measurern

g made. The

element AA and the narrow light element BB should each be equal in width to the[X dimension

eater.

pment of the reflectance value R, should be made in the narrow light element whifch is formed

e bar code is

h is formed
e bar code is

and Ry,

basurements
ples backed
hents should

then be made with the test samples backed by a uniform surface the reflectance of which is fot less than

89 %. The c
the grade se

A predicted

Iculated values-of static SC and ARg,,;, shall be equal to or greater than the minimy
ected for the'application, for tests on both the dark and light backgrounds.

alue-8fMOD’ can be calculated as the ratio of AR';,;, and AR'g.

m values for

All the grades corresponding to the static values of SC and ARg,;, and to the derived value for modulation
shall be equal to or higher than the minimum overall symbol grade 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 scan reflectance profile represents the signal from a typical bar code scanning device. In a bar code

reader, this s

In order to 4
parameters

— the glob
— symbol

defects :

In addition, {

decode;

decodab

E.2 Inter

When exam
individual p
interdepend
control pury
each paramg
gain or loss
print run.

The bar widt
— may be1
reduces

reduces

llow a variety of edge finding circuits to find the intended elements, the following
should be considered:

b1 threshold should be traversed by every edge in the symbol;
contrast, modulation and minimum edge contrast should not be too low;
ind minimum reflectance should not be too high.

o allow a decoder to function, the following parameters should be considered:

ility.

pretation of results

ning a symbol with a view to drawing conclusions about the possible causes of
arameter grades should be examired, as well as the overall grade. There is
ence between the parameters,-but typical causes and effects are listed below.
oses, significant additional infermation may be derived by averaging the grades
ter for all scan reflectance profiles. In particular, the measurement of the averag
may be used for monitofing the performance of a printer or printing press during

h gain

eported directly (as an average);
EC;

MOD;

r reflectance

low grades,
a degree of
For process
obtained for
be bar width
an extended

reduces

decodability

— 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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can increase R
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increases MOD initially; when excessive, reduces MOD;

min’

decodability

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

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

The irregula

can cause decode failure if excessive.

r element edges

cause variations in decodability between scan reflectance profiles;

may caul
The uneven

— decreas
decreas
can incr
— can caus

Voids and/of

increase

if excess

can caus

E.3 Matcl

Symbols wit
systems, nof

— vertical
toleranc

the avai

Symbols wit

se decode failure if excessive.

nking
s EC;
s MOD;
pase ARy a0

e spurious elements to be detected (decode failure).

specks

ERN;
ive in size, they may cause spurious elements-to be detected (decode failure);

e edge determination failure.

ning grades to applications

h differing grades can give good performance in practice given the varying feature
ably:

redundancy;

es in decoding algorithms;

ability of operators)to rescan in the event of failure to read;

ability-of scanning equipment with multiple scan paths.

5 of bar code

specify the n

h dlffermg grades can give good performance in practlce Appllcatlon specifica

source) to suit the characterlstlcs of the scanmng 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

In certain application specifications, grades are identified using the letters A, B, C, D and F to correspond to
the numeric grades 4, 3, 2, 1 and 0, respectively, used in this document.

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

Table E.1 — Overall symbol grading — Numeric and alphabetical gradingequival

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

ence
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Annex F
(informative)

Guidance on selection of light wavelength

F.1 General

Subclauses 5.1 and 5 2.2 requlre measurements to be made usmg the wavelength ofllght whlch the intended

scanning enptronis

source, a jug
measuremer
performancg

F.2 Effec

The reflecta
A black, blug
low reflecta

spectrum, the apparent colour of the element does not correlate atcall with reflectance; it is t
htion used (e.g. the proportion of carbon content) which‘governs reflectance. Taking

the pigment
measured at]

and sufficiently to cause the symbol grade to change by oné0r1 two units, or even more in the

printed on s

lgment needs to be made in order to determlne the most llkely wavelength,t0
ts to be made and to be sure that the results will be properly indicative ©f, lik
in the application.

[ of variations in wavelength

or green printed area will tend to absorb visible red lightstrongly (and appear
ce), whereas a white, red or orange area will reflect most-of the incident light. In

633 nm as a reference, when measured at 660 nmor680 nm, the results can differ

me thermal papers.

egify the light
enable valid
bly scanning

hce of a substrate or bar code symbol element varies with the wavelength of the incident light.

therefore of
the infrared
he nature of
b reflectance
significantly
case of bars
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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 profiles from different scan paths across the symbol
differing significantly. It is therefore necessary to assess the overall symbol quality by averaging scan
reflectance profite grades from muitipte scam patits:

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

Where the production process (in particular, in the circumstances defined in Clausg:J.1) has bgen shown to
be subject td a relatively low incidence of the defects and variations referred to abeve through|documented
formal quality assurance procedures in accordance with ISO 9000 and related standards, the number of
scans per symbol may be reduced in order to simplify the process of assessnient of large numberg of symbols.
Refer to Clayse ].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 illustrates an example report produced by one of these devices. Assuming that the report in
Table H.1 was obtained with the use of a measuring aperture of 0,250 mm diameter (reference number 10)

and with a 660 nm light source, the grade should therefore be reported as 3,3/10/660.

Table H.1 — Example of verification report

a Paramet

br gradeé (s)

determining scan reflectance profile grade.

VERIFICATION REPORT
Date (YYYY{MM-DD) 2024-09-17 Time (HH:MM:SS) 16:12:36
Aperture: 0,25 mm Wavelength: 660 nm
Symbology: Code 39 Decoded data: $M
Overall symbol grade: 3,3(B) Averaged over (no.\‘ef 1
scans) :
Scan reflectance profile analysis
Parameter Value Grade
Decode Pass 4,0
Riax 79 % NA
Ruin 2% 4,0
Global thr¢shold 41 % NA
Symbol confrast 77 % 4,0
Min. edge ¢ontrast 48 % 4,0
Modulation 63 % 3,32
Defects 16 % 3,8
Decodability 75 % 4,0
PCS 97 % NA
Average bapt gain +3,0 % NA
Key
NA not applicable
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Annex I
(informative)

Comparison with traditional methodologies

I.L1 Traditional methodologies

Traditionally, two methodologies have been used to assess print quality in certain application standards.

the results

Advice is gi
obtained wit

a) the mea
element

J—ta-tlaic Ha-andt-ta-—o ick 3 Bt loeler n o d 3= £ aalaal i RIS
CIT I thrS OO CUTIICTIT tO—aSSTS T uSCT S, par crcurarty protaattr s O Sy o oTS;tO—COTITpat

h these traditional parameters, which are the following:

surement of bar element widths and particularly the amount of gain or loss|from
dimensions;

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

Where the sj
this docume]
and should §
However, th
or failure wj
measured, b
methodolog}

.2 Corre

The specific
background
PCS for acce}
others, Pcg

Print contra

Pes = (R

where

P.g s

R, s

nt, these two parameters may be measured as part of the procédure to assess sy
e measured especially for the purposes of process controlin’symbol production (
by are excluded from the grading scheme of this document’because the criteria fo
hich they use do not reflect the behaviour of scanning systems. Their optional

i specified herein.
lation of print contrast signal with symbol contrast measurement

to be assessed in terms of print contrast signal ; these specifications define a minin
ptability. In some cases, this is g fixed value (e.g. P¢g 1, = 0,75 is a commonly specif
., is itself a function of the background reflectance.

5t signal is calculated aceording to the following formula:

- Rp)/Ry,

the PCSf

the background (space) reflectance;

the nominal

ymbols are used in an application which does not specify print qality in terms conforming with

mbol quality
see Annex |).
" acceptance
inclusion as

ut ungraded, parameters is to enable historical quality information to be correlated with the

S

hitions of a number of bar code applications provide for the contrast between bars and spaces or

hum value of
ed value); in

Rp is

the 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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