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Foreword

ISO (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
respectj izati i i ' i ivi i pmmittees

collabofate in fields of mutual interest. Other international organizations, governmental and non-goverfimental, in

liaison With ISO and IEC, also take part in the work.

Internafional Standards are drafted in accordance with the rules given in the ISO/IEC DirectivesyPart 3.

In the fleld of information technology, ISO and IEC have established a joint technical cemmittee, ISO/IEC JTC 1.

Attentidn is drawn to the possibility that some of the elements of this International Standard may be the
patent fights. ISO and IEC shall not be held responsible for identifying any or all'such patent rights.

ernational Standards adopted by the joint technical committee are circulated o, national bodies [for voting.
ion as an International Standard requires approval by at least 75 % of the national bodies casting|a vote.

subject of

Internafional Standard ISO/IEC 15416 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information

technolpgy, Subcommittee SC 31, Automatic identification and datacCapture techniques.

Annexes A and B form a normative part of this International Standard. Annexes C to J are for information|only.
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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 cpde symbol must be produced in such a way as to be reliably decoded at the point of use, if it is tg fulfil its
basic objective as a machine readable data carrier.

Manufactyrers of bar code equipment and the producers and users of bar code symbols therefgrérequire [publicly
available standard test specifications for the objective assessment of the quality of bar code symbols, to which they
can refer 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 control and quality
assurancg purposes during symbol production as well as afterwards.

The perfofmance of measuring equipment is the subject of a separate InternationalStandard, ISO/IEC 15426.

This Interpational Standard is intended to be substantially equivalent in techhical content to EN 1635 and ANSI
standards| X3.182 - 1990 and ANSI/UCC5 on which it has been based~lIt.should be read in conjunction with the
symbology specification applicable to the bar code symbol being tested,“which provides symbology-specific detalil
necessary for its application.

There ar¢g currently many methods of assessing bar code quality at different stages of symbol productipn. The
methodolagy provided in this specification is not intended.as a replacement for any current process| control
methods put gives essential additional quality informatiof? This methodology provides a basis for grading the
quality of|bar code symbols in relation to their expectéd performance when read and therefore gives|symbol
producers| and their trading partners a universally standardized means for communicating about the quality of bar
code sympols after they have been printed. It also~provides symbol producers with information enabling them to
adjust the|r production process.

Alternativgé methods of quality assessment may be agreed between parties or as part of an application
specificatipn.

Vi © ISO/IEC 2000 — All rights reserved
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Information technology — Automatic identification and data
capture techniqgues — Bar code print quality test specification —
Linear symbols

1 Sd

This International Standard

—  Spg

— gV

This International Standard applies to those symbologies for which a‘reference decode algorithm has beg

and wh
wholly t

2  Na

The foll
this Int
publical
investig

undated references, the latest editionsof the normative document referred to applies. Members of 1S(

maintai
ISO 77

EN 155

3 Te

defines a method for evaluating these measurements and deriving an overall assessment of symbol

ope

cifies the methodology for the measurement of specific attributes of bar code’symbols;

ch are intended to be read using linear scanning methods; but its methodology can be applied
0 other symbologies.

rmative references
pwing normative documents contain provisions which, through reference in this text, constitute pr

ernational Standard. For dated references, subsequent amendments to, or revisions of, any
ions do not apply. However, partiés fo agreements based on this International Standard are encq

h registers of currently valid\nternational Standards.
P4-2:1984, Paints and varnishes — Colorimetry — Part 2: Colour measurement.

6:1998, Bar coding”™— Terminology.

rms and’definitions

uality;

s information on possible causes of deviation from optimum grades to assist users in taking appropriate
coffrective action.

n defined,
partially or

bvisions of
of these
uraged to

ate the possibility of applying.the most recent editions of the normative documents indicated below. For

and IEC

For the

plrposes of this International Standard, the terms and definitions given in EN 1556 and the follow

ng apply.

3.1
bar

A dark element corresponding to a region of a scan reflectance profile below the global threshold.

3.2
bar refl

ectance

The lowest reflectance value of an individual bar element in the scan reflectance profile of that element.
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3.3

decodability

The proportion of the available margin (between the ideal dimension of an element or combination of elements and
the relevant reference threshold) that has not been consumed by the element or combination of elements,
calculated for the element or combination of elements deviating most from its ideal dimension.

3.4
decode
Determination of the information encoded in a bar code symbol.

35
edge confrast
The differgnce between bar reflectance and space reflectance of two adjacent elements.

3.6
element reflectance non-uniformity
The reflegtance difference between the highest peak and the lowest valley in the scan reflectance profile of an
individual element or quiet zone.

3.7

global thieshold

The reflec}ance level midway between the maximum and minimum reflectance values in a scan reflectancg profile
used for the initial identification of elements.

3.8

gloss

The propgnsity of a surface to reflect a proportion of incident light i-a specular manner.

3.9
inspectiop band
The band|(usually from 10 % to 90 % of the height of a\bar code symbol) across which measurements are taken
(see Figurne 2).

3.10
measuring aperture
A circular| opening which governs the effective sample area of the symbol, and the diameter of which at 1:1
magnification is equal to that of the samiple area.

3.11
modulatign
The ratio ¢f minimum edge eontrast to symbol contrast.

3.12
(n, k) symbology
A class off bar codesymbologies in which each symbol character is n modules in width and is composed pf k bar
and spaceq pairs;

3.13
peak
A point of higher reflectance in a scan reflectance profile with points of lower reflectance on either side.

3.14
sample area
The effective area of the symbol within the field of view of the measurement device.

3.15

scan reflectance profile
Plot of variations in reflectance with linear distance along a scan path.

2 © ISO/IEC 2000 — All rights reserved
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3.16
scan path
The line along which the centre of the sample area traverses the symbol, including quiet zones.

3.17
space
A light element corresponding to a region of a scan reflectance profile above the global threshold.

3.18
space reflectance
The hiuhcot lcﬂcutal 1T va:uc Uf arl ;lld;v;dua: O'JG.L:U U:Clllcllt Ul qu;ct LUTICT ;II thC S0edArl |cf:cutal 1T |JI ||e Of tha.t

elemenf or quiet zone.

3.19
two-widith symbology
A bar gode symbology in which symbol characters consist only of narrow and wide elements the widths of which
are in g constant ratio to each other.

3.20
valley
A pointof lower reflectance in a scan reflectance profile with points of higher réflectance on either side.

3.21
vertical redundancy
The prgperty of a bar code symbol whereby there exist multiple possiblé scan paths as a result of the symbol being
significantly higher than the height of a single scan line.

4 Symbols and abbreviated terms

4.1 Abbreviations
EC: Edge contrast

EC Minimum value of EC

min-
ERN: Element reflectance non-uniformity

ERN,k: Maximum value of-ERN

ma|
GT: Glgbal threshold
MOD: Modulation

PCS: Print cantrast signal

RT: Reterence threshold

SC: Symbol contrast

SRD: Static reflectance difference

4.2 Symbols
A: Average achieved width of element or element combinations of a particular type

e: Width of widest narrow element

© ISO/IEC 2000 — All rights reserved 3
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E: Width of narrowest wide element

e it edge to similar edge measurement, counting from leading edge of symbol character
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

m: Numbegrofmodutesimasymbottharacter

N: Average achieved wide to narrow ratio

n: numbel of modules in a symbol character in a (n, k) symbology
Ry Bar reflectance

Rp: Dark teflectance

R : Light feflectance

Rs: Spacq reflectance

R Maximum reflectance

max*

R Minimum reflectance

min-
RTJ-: Refefence threshold between measurements j and (j+1) modules wide
S: Total wydth of a character

V: Decodability value

Vc: Decodability value for a symbol character

X: Nomingl narrow element dimension

Z: Averagg achieved narrow element dimension

5 Meapurement methodology

eral requlirements

cy of both reflectivity
nethodotoe is also

odology defined in this standard is designed to maximize the consisten

astie O vivle V D Vario oo a

intended to correlate with conditions encountered in bar code scanning hardware.

Measurements shall be made with a single light wavelength and a measurement aperture of a diameter defined by
the application specification or determined in accordance with 5.2.1 and 5.2.2.

Whenever possible, measurements shall be made on the bar code symbol in its final configuration, i.e. the
configuration in which it is intended to be scanned. If this is impossible, refer to annex D for the method to be used
for measuring reflectance for non-opaque substrates.

The sampling method should be based on a statistically valid sample size within the lot or batch being tested. A
minimum grade for acceptability shall be established prior to quality control inspection. In the absence of a

4 © ISO/IEC 2000 — All rights reserved
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sampling plan defined in formal quality assurance procedures or by bilateral agreement, a suitable plan may be

based on the recommendations in ISO 2859 or ISO 3951.

5.2 Reference reflectivity measurements

Equipment for assessing the quality of bar code symbols in accordance with this standard 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

The mdasured reflectance values shall be expressed in percentage terms either with reference tocthe'refl
a barium sulphate or magnesium oxide reference sample complying with the requirements of 1IS©, 7724, |
be takgn as 100 %, or by means of calibration and reference to recognised national standards labor
sampleg illuminated at 45° with the diffusely reflected light being collected perpendicular toithe surface.

5.2.1 Measurement wavelength(s)

The pepk light wavelength used for measurements should be specified in the application specification
intended scanning environment. When the wavelength is not specified”in the application sp
measurements should be made using the wavelength of light that approximates most closely to the w
expectgd to be used in the scanning process. Refer to annex F for guidance on the selection of the way
light.

5.2.2 easuring aperture

The nominal diameter of the measuring aperture should, be' specified by the user application specificati

with 5.2.4.

pctance of
vhich shall
atories for

fo suit the
pcification,
avelength
elength of

on, to suit

the intgnded scanning environment. When the measufing aperture diameter is not specified in the @pplication

specifigation, Table 1 should be used as a guidesNIn an application where a range of X dimensio
encountered, all measurements shall be made with the aperture appropriate to the smallest X dimen
encountered.

In the apsence of a defined X dimension, the*Z dimension shall be substituted.
The effective measuring aperture diameter may vary slightly from its nominal dimension due to mar

tolerang¢es and optical effects. Note-that the measured width of some of the narrow elements may be sn
the measuring aperture diameter.

Table 1 — Guideline for diameter of measuring aperture

hs will be
s5ion to be

ufacturing
haller than

X Dimension Aperture diameter Reference
mm mm number

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 approximates to the measuring aperture

diameter in thousandths of an inch; this reference number is used for consistency

with the ANSI standard X3.182.

© ISO/IEC 2000 — All rights reserved
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5.2.3 Optical geometry

The reference optical geometry for reflectivity measurements shall consist of:

a) a source of incident illumination which is uniform across the sample area at 45° from a perpendicular to the
surface, and in a plane containing the illumination source that shall be both perpendicular to the surface and

parallel to the bars, and

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

The light reftected—from=a circutar sampte—area of the—surface—shattbe—cottected—withimarcome;the—angte at the
vertex of which is 15°, centred on the perpendicular to the surface, through a circular measuring apertyre, the
diameter ¢f which at 1:1 magnification shall be equivalent to that of the sample area.

NOTE Figure 1 illustrates the principle of the optical arrangement, but is not intended to represent an actual device.

This reference geometry is intended to minimise the effects of specular reflection and to maximise those of diffuse
reflection from the symbol. It is intended to provide a reference basis to assist the consistency of measurement. It
may not gorrespond with the optical geometry of individual scanning systems. Alternative optical geometiies and
components may be used, provided that their performance can be correlated with\that of the referenceq optical
arrangement defined in this section.

ol Yl ] 2

1 - Light sensing element

2 - Aperture at 1:1 magnification (measurement A = measurement B)
3 - Baffle

4 - Sample

5 - Light source

Figure 1 — Reference optical arrangement

6 © ISO/IEC 2000 — All rights reserved
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5.2.4 Inspection band

The area within which all measurement scan paths shall lie shall be contained between two lines perpendicular to
the height of the bars of the symbol, as illustrated in Figure 2. The lower line shall be positioned at a distance
above the average lower edge of the bar pattern of the symbol, and the upper line at the same distance below the
average upper edge of the bar pattern of the symbol. 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.

12

E

1 - Inspeection band (normally 80 % of averagé bar height)

2 - 10 % of average bar height, or aperturé diameter if greater, above inspection band

3 - 10 % of average bar height, or aperture diameter if greater, above average bar bottom edge
4 - Quigt zones

5 - Scapning lines

6 - Avefage bar bottom edge

Figure 2 — Inspection band

5.2.5 Number of scans

In ordef to provide for the effects of variations in symbol characteristics at different positions in the hejght of the
bars, a|numberof scans shall be performed across the full width of the symbol including both quiet zones with the
appropfiate “\measuring aperture and a light source of defined nominal wavelength. These scang shall be
approxi ntnl\]/ nqll:\ll\]/ Qpnr‘nrl fhrnllgh the hnighf of the incpnnfinn band.-The minimum number of scans ner Symbo|
should normally be ten, or the height of the inspection band divided by the measuring aperture diameter, whichever
is lower. Refer to annex G for guidance on the number of scans.

The overall quality grade of the symbol is determined by averaging the quality grades of the individual scans, in
accordance with clause 6.

5.3 Scan reflectance profile

Bar code symbol quality assessment shall be based on an analysis of the scan reflectance profiles. The scan
reflectance profile is a plot of reflectance against linear distance across the symbol. If scanning speed is not
constant, measuring devices plotting reflectance against time should make provision to compensate for the effects

© ISO/IEC 2000 — All rights reserved 7
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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.

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 %.

=0
REFLECTAMCE

(%) 80 T ) /"\

Na
701 IERTAIA TS YT TP A

aTOR ¢

Ry

401 |

301 J
20 1 l’d 'UJ |I|| || |

10l N Wy

LINEAR POSITION

Figure 3 — Scan reflectance profile

5.4 Scan reflectance profile assessment parameters

The scan|réflectance profile parameters described in 5.4.1 to 5.4.9 shall be assessed for compliance with this
standard. Figure 4 is the same scan reflectance profile as Figure 3 with certain features indicated.
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To locate the bars and spaces, a global threshold shall be established. The global threshold sh

reflectal
profile,

where:
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Figure 4 — Features(of scan reflectance profile

Flement determination

hce value midway between the-highest and lowest reflectance values measured in the scan T
pr:

GT = (Riax * Rmin)/2

max

R 4x represents.the-highest reflectance value

max

R, represents the lowest reflectance value

min
bgion above the global threshold shall be regarded as a space and the highest reflectance v3
shall be designated the space reflectance, Rg. Similarly, the region below the global threshol
d as.a bar, and the lowest reflectance in the region shall be designated the bar reflectance, R,

bll be the
eflectance

lue in the
H shall be

54.2

Edge determination

An element edge shall be defined as being located at the point where the scan reflectance profile intersects the
mid-point between Ry and R, of two adjacent regions, i.e. where the reflectance value is (Rg + Rp)/2. If more than
one point satisfying this definition exists between adjoining elements, then the edge position and the element
widths will be ambiguous and the scan reflectance profile will fail to decode in accordance with 5.4.3. The quiet
zones and intercharacter gaps, if any, are considered to be spaces.
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5.4.3 Decode

The symbology reference decode algorithm shall be used to decode the symbol using the element edges
determined in 5.4.2. This algorithm may be found in the symbology specification.

5.4.4 Symbol contrast (SC)
Symbol contrast is the difference between the highest and lowest reflectance values in a scan reflectance profile.

SC= Rmax - Rmin

5.4.5 MiLimum reflectance (Ryin)
Rmin is the lowest reflectance value in the scan reflectance profile. R, shall not be higher than*0,5R L. This

parametel is intended to ensure that R,,;, shall not be too high, and to ensure an adequate*margin hetween
background and bar reflectances, especially when the value of R, ,, is high.

5.4.6 Edge contrast (EC)

Edge conjrast is the difference between the Ry and Ry, of adjoining elements in¢cluding quiet zones. The lowest
value of efige contrast found in the scan reflectance profile is the minimum edge contrast, EC ;..

EC =|R;- Ry,
5.4.7 Mgdulation (MOD)
Modulatioh is the ratio of the minimum edge contrast to symhbelcontrast.

MOD|= EC, i, / SC

min

5.4.8 Ddfects

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

Element feflectance non-uniformity-‘within an individual element or quiet zone is the difference betwg¢en the
reflectancg of the highest peak and‘the reflectance of the lowest valley. When an element consists of a sindle peak
or valley, its reflectance non-uniformity is zero. The highest value of element reflectance non-uniformity fourd in the
scan reflegtance profile is the.maximum element reflectance non-uniformity. Defect measurement is expregsed as
the ratio of the maximum_ element reflectance non-uniformity (ERN,,,,) to symbol contrast.

v s a-Freast AEEHHAEY : 0 ropriate
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 had to the measurements required by the reference decode algorithm in
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the relevant symbology specification. In the following paragraph the term "measurement” shall be taken to refer
either to a single element width, in symbologies which use these directly in the reference decode algorithm (e.g.
"Code 39"), or to the combined width of two or more adjacent elements, in symbologies using edge to similar edge
measurements for decoding (e.g. "Code 128").

The decodability value is calculated with reference to:
a) the average achieved width (referred to in the formula below as A) for measurements of a particular type (e.g.

narrow elements, or bar + space combinations nominally totalling 2 (or 3, or 4 ...) modules) in the scan
reflectance profile;

b) thg reference threshold applicable to measurements of the same type as A (referred to in the formuIiL below as
RT));

c) thg actual measurement showing the greatest deviation from A in the direction of thenreference [threshold,
(referred to in the formula below as M).

The general form of the formula for calculating V is as follows:
V ¥ absolute value of ( (RT - M) / (RT - A) ).
where: | (RT - M) represents the remaining margin not used by printing variation,
(RT - A) represents the total theoretical margin based on the ideal measurement of the element(s).

Figure b illustrates this principle. The shaded area represents the:range within which measurements of| the same
type as|A (e.g. narrow elements) fall. All measurements are taken’from O.

A 1 HT

AVERAGE

MEASURED ~ WIDTH OF

ELEMENT  MOST DEVIANT  REFERENCE

¥ Wi/ DTH ELEMENT  THRESHOLD

1 | :
] TOTAL MARGIN
¢ AVAILABLE

P

("
L4

| REMAINING |,
MARGIN

Figure 5 — Principle of decodability measurement

More specific_formulae applicable to either two-width symbologies or (n, k) symbologies are defined in annex A.
Reference.should also be made to the symbology specification for the particular computation of decodability unique
to each|{symbology.

NOTE Depending on the symbology and its reference decode algorithm, the decodability measurement may or may not be
indicative of bar width gain or loss, but does not provide sufficient information on this for process control. Consequently, for
purposes of symbol production process control, measurement of bar width gain or loss should also be performed (see annex J),
although this measurement does not enter into the symbol grading process.

5.4.10 Quiet zone check

The average narrow element width, Z, shall be calculated and revised quiet zones determined based on this
dimension. R,,,,, ERN of the quiet zones, and Ry of the quiet zones, as used in the initial scan reflectance profile
analysis, shall be compared with new values obtained for the revised quiet zones. If the value(s) differ, then
affected portions of the scan reflectance profile analysis shall be repeated.
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6 Symbol grading

As a consequence 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 performance in terms of symbol grade in
accordance with this standard, following the guidelines in E.3.

Symbol grading shall be used to derive a relative measure of symbol quality under the measurement conditions
used. Each scan reflectance profile shall be analysed and a grade on a descending scale of integers from 4 to O
shall be allocated to each of the parameters evaluated. The grade 4 represents the highest quality, while the
grade O rgpresents faiture. THe scan reffectance profife grade for eacit scan reffectance profite shafbe the lowest
grade of gny parameter in that scan reflectance profile. The overall symbol grade shall be the arithmetic_nean of
the scan feflectance profile grades. If any two scans of the same symbol yield different decoded,data, then the
overall symbol grade, irrespective of individual scan reflectance profile grades, shall be 0.

In order tq determine the causes of poor quality grades, it is necessary to examine the grades-for each pafameter
in the scan reflectance profile in question as described in E.2. For process control purposes the average of the
grades or|the values for certain parameters obtained from all the scan reflectance prafiles may prove infoymative.
The parameters most likely to be of use are symbol contrast, decodability and modulation (grades or valuges) and
bar width gain or loss (value). If the grades alone do not provide sufficient explanation it may also be necegsary to
examine the plot(s) of the scan reflectance profile(s).

6.1 Scagn reflectance profile grading

The scan feflectance profile grade shall be the lowest grade of the following:
a) decodge;

b) symbpl contrast (SC);

c) minimum reflectance (Rp,in):

d) minimum edge contrast (EC,,;);
e) modylation (MOD);

f) defeqs;

g) decodability (V);

h) any additional requiremeénts imposed by the application or symbology specification.

It is appropriate to preasure these parameters in the sequence given above.

6.1.1 Ddcode

Decodable symbols shall comply with the symbology specification, notably in respect of character encodation, start
and stop patterns, symbol check character(s), quiet zones and intercharacter gaps (where applicable). If the scan
reflectance profile cannot be decoded using the symbology reference decode algorithm, then it shall receive the
failing grade 0. Otherwise, it shall receive the grade 4. Analysis of the scan reflectance profile will normally indicate
the reason for a failure to decode.

6.1.2 Reflectance parameter grading
Depending on their values, symbol contrast, modulation and defects may be graded from 4 to 0; minimum

reflectance and minimum edge contrast grades may be graded either 4 or 0. These parameters are interdependent
and need to be considered together.
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Table 2 defines the parameter values corresponding to the various grades.

Table 2 — Reflectance parameter grading

ISO/IEC 15416:2000(E)

Grade Rmin SC EChin MOD Defects
4 <0,5Rmax >70 % >15 % >0,70 <0,15
3 >55 % >0,60 <0,20
2 >40 % >0,50 <0,25
1 >20 % >0,40 <0,30
0 >0,5R pax <20 % <15% <0,40 >0,30
6.1.3 Decodability
The deg¢odability value, V, for each scan reflectance profile shall be calculatedaccording to the formula f
of symRology in question set out in annex A, supplemented where necessary by formulae specific to the s
in question, contained in the symbology specification. Decodability is graded from 4 to 0 according to Tab
Table 3 — Decodability,grades
Y Grade
>0,62 4
>0,50 3
>0,37 2
>0,25 1
<0,25 0
6.2 HBxpression of symbol grade
A symbol grade is only meaningful if it is expressed in conjunction with the measurement wavelength an
used. It should be_shown in the format G/A/W, where G is the overall symbol grade, i.e. the arithmetic m
scan reflectance profile grades to one decimal place, A is the aperture reference number, from Table 1
the light wavelength in nanometres.

br the type
symbology
e 3.

d aperture
ean of the
and W is

For example, 2,7/05/660 would indicate that the average of the grades of the scan reflectance profiles was 2,7
when these scan reflectance profiles were obtained with the use of a 0,125 mm aperture (ref. no. 05) and a 660 nm
light source.

7 Substrate characteristics

Certain characteristics of the substrate, notably gloss, low opacity and the presence of an over-laminate may affect
reflectance measurements, and the recommendations in annex D should be taken into account if any of these

factors

is present.

© ISO/IEC 2000 — All rights reserved
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Annex A
(normative)

Decodability

This annex defines general formulae for the calculation of the decodability value V for symbologies for which the

reference

decode algorithm defines reference thresholds. These formulae may be supplemented by a

ditional

formulae $pecific to an individual symbology and defined in the relevant symbology specification.

A.1 Two-width symbologies

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

The achie

Intercharq

For each 4

Then \

The decodlability value V for the scan(reflectance profile shall be the lowest value of V. for any symbol char

auxiliary p

A.2 Edc

If necessd

g

/=

~

ved wide:narrow ratio N for the symbol shall be calculated as follows:

\verage wide bar + average wide space) / 2Z

dimension shall be calculated as follows:

\verage narrow bar + average narrow space) / 2

cter gaps shall not be included in these calculations.

ymbol character or auxiliary pattern, calculate RT,in-accordance with the reference decode algori
1=(RT-e)/(RT-2)

2=(E-RT)/((Nx2Z)-RT)

c =the lesser of V1 or V2

attern.

e to similaréedge decodable symbologies ((n, k) symbologies)
ry, in each-scan reflectance profile, calculate Z for the whole symbol:

verage-S) / n

acter or

where &

B " deafinadin-a-2
MmO 1T aAarcTaS uCTinm e U T —+. 2%

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

for all

j=1lton-2(k-1)

RT;=((+05)xS)/n

where S, n and k are as defined in 4.2.

for all

14

i=1lto2(k-1)andallj=1ton-2(k-1)
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let K = smaller of absolute value of (g; - RTJ-) or previous K
where e; = measurement from leading edge of element i to leading edge of element (i + 2).
Then Vo =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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B.1 Indp#

Annex B
(normative)

Example of symbol quality grading

This anne

measurement using a 900 nm (infra-red) light source and a 0,125 mm aperture:

Referring
reflectanc

Minimum
46 %. Ry

Symbol cq

Minimum
76 - 34 = 4

Modulatio

Maximum

X illustrates the determination of the grades for the scan reflectance profile shown in Figure 8;"agsuming
to Figure 3, the actual reflectance values may be determined graphically in orderto grade the scan
b profile.

reflectance (R,ip) is 10 % and the maximum reflectance (R,,,,) is 82 %. The global threshold is therefore
| satisfies the (0,5 x R,,,,) test by being less than (0,5 x 82 %) = 41 %.

ntrast (SC) is 82 - 10 = 72.

edge contrast (EC,,;,) occurs on edge 4, where Ry and Ryyare 76 % and 34 % respectively. HC,,;, is
12.

N (MOD) is therefore 42 / 72 = 0,58

element reflectance non-uniformity (ERN,,,,), e largest non-uniformity or defect in a scan reflectance

profile, can be found as the result of a void in element7, a bar. ERN,,,, is equal to 36 - 24 = 12. Note that the

ERN,ax CRN be in any bar, space or quiet zone. The(Defects value therefore is

12/72=0,17.

Assuming| that the symbol has decoded\.correctly (as characters "Start $ M Stop" in "Code 39") and that the
decodability value V has been calCulated as 0,58, the following individual parameter grades and thHe scan
reflectance profile grade can be determined for the scan reflectance profile in Figure 3.

16
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Table B.1 — Grades for the scan reflectance profile as shown in Figure 3

Parameter Value Grade
Decode 4
Rpmax 82 %

Rmin 10 % 4
SC 82-10=72% 4
ECpin 76-34=42% 4
MOD 42172 =0,58 2
Defects 12/72=0,17 3
Decodability 0,58 3

Since the lowest individual grade, in this instance the grade for MOD, is 2, the scan reflectance profile grade is also

2.

See alsp annex H.

B.2 Qverall symbol grade

Assumi
grades:

2

hg that a series of ten scans of the symbol\used in Figure 3 gave the following scan reflecta

., 3,3,4,2,2,2,3,3

hce profile

the arithmetic mean of these grades, and hence the overall symbol grade, is 2,6. The result should be reported in

the form

2,8/05/900

For infgrmation, this result would be shown, using alphabetic grading according to ANSI X3.182 as:

B/(q

5/900

© ISO/IEC 2000 — All rights reserved
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Annex C
(informative)

Symbol grading flowchart

The flowchart below illustrates the steps in the symbol grading process, once the scan reflectance profile has been

obtained. Parameters are measured in accordance with subclauses 5.4.1 t0 5.4.10 and graded in accordance with
6.1.

ELEMENT DETERMINATION

v

EDGE DETERMINATION

|
v v v v v v

DECODE SYMBOL Rmin MIN. EDGE MODULATION DEFECTS| |DECODABILITY|
CONTRAST
4 =yes CONTRAST 4<0,5 Rmaj 4>0,70 4<0,15 4>0,62
04no 4>70% 0>0,5 Rmay 4215% 3>0:60 3<0,20 30,50
3>55% 0 < 15% 250,50 2<0,25 2>0,37
2> 40% 150,40 1<0,30 1>0,25
1> 20% 0'< 0,40 0>0,30 0<0,25
0 < 20%
>

LOWEST.GRADE OF PARAMETERS
(& =HIGHEST, 0 = LOWEST)

y

SCAN REFLECTANCE
PROFILE GRADE

.

MEAN OF 10
SCAN'REFLECTANCE SCAN
PRORILE'‘GRADES FROM9 1| REFLECTANCE
OTHER SCANS PROFILE
GRADES

OVERALL

SYMBOL
GRADE
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Annex D
(informative)

Substrate characteristics

In certain circumstances for example, the design and production of printed packaging materials incorporating bar
mbols, it is necessary or desirable to assess the acceptability of substrates and/or ink colours for a given

code s
bar coaﬁe application, before a bar code symbol is available which could be tested in accordancg with this
International Standard.

D.1 Substrate opacity

The symbol shall be graded according to the reflectance parameters in 6.1.2, When measured i

configu

If it is 1

interfer
opacity

which i$ not more than 5 %.
The opacity of the substrate shall be calculated as follows:

Opacity =R2/R1

where:

D.2 dloss

The reference illumination conditions specified for the measurement of reflectance should enable the

rejectio
and su
inciden

arranggment.

D.3 Qver-laminate

A syml

ration, e.g. final filled package.

is less than 0,85 the symbol should be measured when backed by a’uniform dark surface the refl

R1 = Reflectance of a sample sheet of the substrate backed with a white surface the reflectance
89 % or greater.

N of specular reflection ‘while giving a representative assessment of the diffuse reflectance of t
pstrate. Highly glossy’materials and those whose diffuse reflectance characteristics vary with th
and/or collected4ight may yield grades differing from those obtained by the use of the referer

h its final

ot possible to measure the symbol in this configuration then the effgets of show-through of high-contrast
Ng patterns may be ignored if when measured as follows the substrate opacity is 0,85 or greater. If the

pctance of

bf which is

R2 = Reflectance of the same sample.sheet backed with a black surface of not more than 5 % reflectance.

maximum
ne symbol
2 angle of
ce optical

ol.intended to _be covered with _a protective lamination should be graded according to_the 1

eflectance

parameters in 6.1.2 when measured with the laminate in place. The thickness of the laminate including its adhesive
should be as small as possible in order to minimise its effects on the reading performance of the symbol.

D4 S

tatic reflectance measurements

In some cases it may be desirable 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, will predict as closely as is

general

ly possible the results which will be obtained when the symbol is scanned dynamically.

© ISO/IEC 2000 — All rights reserved
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Static reflectance measurements should be made with the wavelength of light, aperture size and optical
arrangement which relate to the application and which are specified in accordance with 5.2.1, 5.2.2 and 5.2.3 of
this International Standard.

Where reflectance measurement equipment meeting the requirements of this annex is not available, optical density
measurements may be made using a standard densitometer with an appropriate light source and converted to
reflectance values; density (D) and reflectance (R) are related as follows:

R =100/ 10°

NOTE
will be ach
specified g

D.4.1 Pr

The predi
(Rmay an

It is probable that in most bar code symbols R,,,, will be found in the quiet zone of the symbol; ther

simulate t
10X in dia

It is probable that in most bar code symbols R, will be found in4he/widest bars of the symbol; ther

simulate t

reflectanc
which the

A predicte

SC' 5

D.4.2 Pr

In order tq
likely to bg
possible,
the smalle
code sym
to each ot

To simula
should be

:t ;3 ;IIIFUDQ;b:C tU }chd;\:t tU [=} hlyh dcylcc Uf a\,\.,ula\.,y thc DyIIIbU: bUIItI ClDt Glld, ;II palt;\.u:al, thc cdgc CUI Itl
eved in the printed symbol. It is therefore appropriate to allow some safety margin above the minimum_Vv
ades.

ediction of Symbol Contrast (SC)

Ction of SC requires that measurements of reflectance be made on samples which“simulate the
l lowest reflectance (R,;,) areas which will be present in the finished symbol,

he conditions found in the quiet zone, R, 5, should be measured in thecentre of a sample area,
Imeter, of the material on which the symbol is to be printed.

ne conditions most likely to yield a value of R,;, consistent with that which would be found in

b should be measured in the centre of a strip of materiah2X to 3X wide and which matches the g
bars are to be printed.

d value of SC can then be calculated:

R R

max ~ ' min

ediction of Minimum Edge Cantrast (EC,;,,) and Modulation (MOD)

assess the grade for modulation (MOD), it is necessary to predict the minimum value of Edge (
e found in practice. It is bestto make measurements of edge contrast on the printed symbol. If th

he prediction of EC,,;~tequires that measurements of reflectance be made on samples which

st which
hlues for

highest

pfore to
at least

bfore to
ractice,
olour in

Contrast
At is not
imulate

st reflectance difference which will be found between adjacent elements. It is probable that in most bar

pols this conditionwill'be found where a light and a dark element which are each 1X in width are &
her and where the element on the other side of the light element is a wide dark element.

e this condition a sample of material, which is of the colour in which the bar code symbol will be
cut to fermy’a mask of the type shown in Figure D.1.

djacent

printed,

20
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Figure D.1 — Mask for static reflectance measurements

sk shown in Figure D.1 should be made of a material that is as thin as is practical. It will how
hickness and would therefore be capable of casting a shadow. To ensure that the effects d
ed, it is essential that the light source(s) of the_ instrument used to make the measurements are
e with the long axis of the elements in which tiie measurements are being made. The narrow da
the narrow light element BB should each be equal in width to the X dimension of the symbol to
height of BB should be at least 20X or,10'mm, whichever is greater.

asurement of the reflectance value Ry should be made in the narrow light element which is for
5k in Figure D.1 is placed over a background of the material and colour on which the bar cod

asurement of the reflectance value Ry should be made in the narrow dark element which is for
5k in Figure D.1 is pfaced over a background of the material and colour on which the bar cod

Cted value of.Ec,,;, can then be calculated:

nin, = Rs : Rb'

ever have
f this are
briented to
k element
be printed

med when
e is to be

med when
e is to be

NOTE

For materials which do not satisfy the tests for opacity. which are detailed in C.1. the measurements whic|

are made

for the purpose of predicting SC and EC,,, should be made with the test samples backed by a uniform dark surface, the
reflectance of which is not more than 5 %. The same measurements should then be made with the test samples backed by a
uniform surface the reflectance of which is not less than 89 %. The calculated values of static SC and EC,,, shall be equal to or
greater than the minimum values for the grade selected for the application, for tests on both the dark and light backgrounds.

A predicted value of MOD can be calculated:

MOD’ = Ec;, / SC’

© ISO/IEC 2000 — All rights reserved
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D.4.3 Acceptability of measured and derived values

The grades corresponding to the static values of SC and EC,,,;, and to the derived value for Modulation (MOD)
shall all be equal to or higher than the minimum overall symbol grade specified for the application.

For applications where Print Contrast Signal (PCS) is the preferred method of determining the reflectance
characteristics of a bar code symbol, an approximation of the value of PCS can be determined from the values
measured for the purpose of predicting SC. Refer to annex I.
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E.1l Spgri

The sc[n reflectance profile represents the signal from a typical bar code scanning device. In a_bat-co

this sigpal is processed by an edge finding circuit prior to arriving at the decoder.

In ordgr to allow a variety of edge finding circuits to find the intended elements, the>following 1
paramgters should be considered:

— the

— symbol contrast, modulation, and minimum edge contrast should not be tog’low;

— defects and minimum reflectance should not be too high.

In addit
— de

— de

E.2 In

When ¢

paramgter grades should be examined as well as the overall grade. There is a degree of interdependenc
the parfmeters, but typical causes and effects are listed below. For process control purposes, in addi

graded
perform

Bar width gain:

— may be reported.directly (as average);

— redg

— reg

code;

codability.

ISO/IEC 15416:2000(E)

Annex E
(informative)

Interpretation of the scan reflectance profile and profile grades

global threshold shall be traversed by every edge in the symbol;

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

terpretation of results

xamining a symbol with a view to(drawing conclusions about the possible causes of low grades,

parameters, the measurement of the average bar width gain or loss may be used for mon
ance of a printer or printing’press during an extended print run.

uces EC;

uces*MOD;

He reader,

eflectance

individual
P between
ion to the
toring the

— red

uces decodability:

if not systematic, decodability will suffer though average bar width gain does not appear excessive;

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

— may cause decode failure if excessive.

Bar width loss:

— may be reported directly (as average);
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— increases EC initially; when excessive, reduces EC;

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

— reduces decodability:

— if not systematic, decodability will suffer though average bar width loss does not appear excessive;

1 systematic, decodability will appear low and average bar width loss will be higher;
— may ¢ause decode failure if excessive.

Irregular glement edges:

— cause variations in decodability between scan reflectance profiles;

— may ¢ause decode failure if excessive.

Uneven inking:

— decregases EC;

— decrdases MOD;

— may ipcrease ERN, ..

— may ¢ause spurious elements to be detected (decodefailure).

Voids andfor specks:

— increase ERN;

— if excessive in size may cause spuriotis elements to be detected (decode failure);

— may ¢ause edge determination-failure.

E.3 Mafching grades)to applications
Because of the varying features of bar code systems, notably:

— verticpl redundancy,

— tolerances thdecoding algorithms,

— ability of operators to rescan in the event of failure to read,

— availability of scanning equipment with multiple scan paths,

symbols with differing grades may give good performance in practice. Application specifications should specify the

minimum acceptable grade (together with aperture size and light wavelength) to suit the characteristics of the
scanning environment.

24 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=ef9164e84506e688a225f13067c1297b

ISO/IEC 15416:2000(E)

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 may 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
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s with grades between 0,5 and 1,5 should be read by equipment providing for multiple, unique S
the symbol. Some readers may fail to scan some such symbols successfully. System.desig
e wish to provide for alternative means of data entry in such an event. Prior to the acceptance of §
de for a particular application, it is recommended that the symbols should be tested with the t
ader to be used to determine that the results are within acceptable limits.

S graded below 0,5 will have had a high proportion of "failed" scan reflectance profiles and are
reliably with any reading equipment.

Iphabetic grading

quivalent ANSI standard X3.182-1990 and certain application specifications, grades are identified
\, B, C, D and F to correspond to the numeric grades 4, 3,"2, 1 and 0 respectively used in this In
d.

symbol grading using this scheme is in accordance with Table E.1.

Table E.1 — Overall symbol grading - Numeric and alphabetical (ANSI) grading equivaleng
Numeric range Alphabetic grade
3,5t04,0 A
25t03,5 B
15t025 C
0,5t0 1,5 D
below 0,5 F
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Annex F
(informative)

Guidance on selection of light wavelength

5.1 and 5.2.1 of this International Standard require measurements to be made using the wavelength of light which
the intended scanning environment will use. If, as may happen. an application specification does not specify the
light sourte, a judgment must be made in order to determine the most likely wavelength, to enable valid
measurenments to be made and to be sure that the results will be properly indicative of likely scanning-perfgrmance
in the application.

F.1 Light sources
Light sources for bar code scanning applications normally fall into two broad areas, Qamely visible light and infra-
red light, although a very few highly specialised applications may call for light sources of unusual characteristics
such as ultra-violet for fluorescent bar code symbols.

Visible light scanning normally uses light sources with a peak wavelength in the red part of the spectrum, hetween
620 and 700 nm. Infra-red scanning uses sources with peak wavelengths-between 720 and 940 nm.

The most common light sources used for bar code scanning are:

a) Helium-neon laser (633 nm)

b) Lightiemitting diode (numerous wavelengths, both visible and infra-red)
c) Solid{state laser diode (numerous wavelengths, oth visible and infra-red)
d) Incandescent lamp (nominally white light)

The key characteristics of these are as follows.

A heliumfneon laser is a gas-filed-laser tube which emits highly monochromatic coherent light at |a peak
wavelength of 632,8 nm (most usually rounded to 633 nm), in the visible red area of the spectrum.

A light-emitting diode is alow-power solid-state component most frequently found as the light source in a light
pen (wangl) or CCD scanner. Operating wavelengths in the visible spectrum may be from 620 to 680 nm; most
commonl;]j either 633/640-or about 660 nm. In the infra-red spectrum, 880-940 nm is the most common range of
wavelengths.

Typical wavelengths used by solid-state laser diodes at the date of publication of this standard are 780 nm (infra-
red) and,|in.the visible spectrum, 660 and 680 nm. They are frequently found in hand-held (laser) sganning

i o b £
equipmentaheaRtper-orixeaSeanhers:

In bar code scanning applications, incandescent lamps are mainly found in systems using CCD array camera and
image processing technology rather than scanning techniques. The light source has a power distribution covering
much of the visible spectrum and well into the infra-red spectrum; optical characteristics are defined in colour
temperature terms rather than in those of peak wavelength, because of the wide bandwidth and relative absence of
peaks in the power distribution. When used in conjunction with a Wratten 26 filter, the light characteristics of a
2856°K lamp approximate to those of a 620-633 nm source.

NOTE Wavelengths stated above may change as the technology evolves.
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F.2 Effect of variations in wavelength

The reflectance of a substrate or bar code symbol element varies with the wavelength of the incident light. A black,
blue, or green printed area will tend to absorb visible red light strongly (and appear therefore of low reflectance),
whereas a white, red or orange area will reflect most of the incident light. In the infra-red spectrum, the apparent
colour of the element does not correlate at all with reflectance; it is the nature of the pigmentation used (for
example the proportion of carbon content) which governs reflectance. Taking reflectance measured at 633 nm as a
reference, when measured at 660 or 680 nm the results may differ significantly, and sufficiently to cause the
symbol grade to change by one or two units, or even more in the case of bars printed on some thermal papers.
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