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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 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. In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IECJTCT:

The procpdures used to develop this document and those intended for its further maintendige 4

re

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for

the differjent types of document should be noted. This document was drafted in accordance with t
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document{may be the subjq
of patent| rights. ISO and IEC shall not be held responsible for identifying any or all such patg
rights. Dletails of any patent rights identified during the development of the"document will be in t
Introductfion and/or on the ISO list of patent declarations received (see wwiwiso.org/patents).

Any trad¢ name used in this document is information given for the convénience of users and does 1
constitutg an endorsement.

For an ekplanation on the meaning of ISO specific terms and ‘expressions related to conform

SC 31, Automatic identification and data capture techniques.

This secqnd edition cancels and replaces the*first edition (ISO/IEC 15416:2000), which has be
technically revised with the following changes,as well as minor editorial modifications:

— the computation of “Defects” was madified in this revision of ISO/IEC 15416 (see Note 3 in 5.4.8); a

— sharp boundaries between grade levels are avoided by assigning grades within grade boundaries
the first decimal place (see the)Notes in 6.2.2 and 6.2.3).
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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 prndn{‘prc and users of bar code Qymhnk therefore
refuire publicly available standard test specifications for the objective assessment of theyfuality of
bdr code symbols, to which they can refer to when developing equipment and application,stahdards or
dgtermining the quality of the symbols. Such test specifications form the basis for thé develppment of

measuring equipment for process control and quality assurance purposes during;symbol prjoduction,
as|well as afterwards.

The performance of measuring equipment is the subject of a separate standard, ISO/IEC 1542p-1.

This document is to be read in conjunction with the symbology specification applicable to th¢ bar code
syjmbol being tested, which provides symbology-specific detail necessary for its application.

This methodology provides symbol producers and their trading-partners a universally stagdardized
means for communicating about the quality of bar code symbgls after they have been printed

© ISO/IEC 2016 - All rights reserved v
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Automatic identification and data capture techniques —
Bar code print quality test specification — Linear symbols

1 Scope

Thisdocumernt:
—|{ specifies the methodology for the measurement of specific attributes of bar code symbols;

— defines a method for evaluating these measurements and deriving an overall assé€ssment pf symbol
quality; and

—|{ provides information on possible causes of deviation from optimum grades to assist userdin taking
appropriate corrective action.

This document applies to those symbologies for which a reference decode algorithm has beeh defined,
arld which are intended to be read using linear scanning methods, but its methodology can He applied
pdrtially or wholly to other symbologies.

2| Normative references

There are no normative references in this document,

3| Terms and definitions

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

ISP and IEC maintain terminologi¢al databases for use in standardization at the following addresses:

—|{ IEC Electropedia: availableat http://www.electropedia.org/

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

3.1
b4r reflectance
lowest reflectance’value in the scan reflectance profile of a bar element

3.p
dgcode
ddtermination of the information encoded in a bar code symbol

3.3
edge contrast
difference between bar reflectance (3.1) and space reflectance (3.14) of two adjacent elements

3.4

element reflectance non-uniformity

reflectance difference between the highest peak (3.9) and the lowest valley (3.16) in the scan reflectance
profile of an individual element or quiet zone

3.5

global threshold

reflectance level midway between the maximum and minimum reflectance values in a scan reflectance
profile used for the initial identification of elements

© ISO/IEC 2016 - All rights reserved 1
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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: See Figure 2.

3.7

measuring aperture

opening which governs the effective sample area (3.10) of the symbol, and the dimensions of which at
1:1 magnification is equal to that of the sample area

3.8
modulatjon
ratio of njinimum edge contrast (3.3) to symbol contrast (3.15)

3.9
peak
point of hfigher reflectance in a scan reflectance profile with points of lower reflectance on either sid

Ay

3.10
sample area
effective prea of the symbol within the field of view of the measurement dewice

3.11
scan path
line along which the centre of the sample area (3.10) traverses the symbol, including quiet zones

3.12
show-thijough
property|of a substrate that allows underlying markings or materials to affect the reflectance of the
substratd

3.13
space
light elenjent corresponding to a region of-a:scan reflectance profile above the global threshold (3.5)

3.14
space reflectance
highest r¢flectance value in the scan reflectance profile of a space element or quiet zone

3.15
symbol dontrast
differenceé between the maximum and minimum reflectance values in a scan reflectance profile

3.16
valley
point of lower reflectance in a scan reflectance profile with points of higher reflectance on either sid

Ay

4 Symbols and abbreviated terms

4.1 Abbreviated terms

EC edge contrast
ECmin minimum value of EC
ERN element reflectance non-uniformity

ERNmax maximum value of ERN

2 © ISO/IEC 2016 - All rights reserved
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GT global threshold

MOD modulation

PCS print contrast signal

RT reference threshold

SC symbol contrast

4.2 Symbols

A average achieved width of element or element combinations of a particular type

c defect adjustment constant

e width of widest narrow element

E width of narrowest wide element

e i'th edge to similar edge measurement, counting from leading edge of symbol characfer
F factor used to soften the effect on defect grades derived from small changes peaks and valleys

within an element

K smallest absolute difference between a measurement and a reference threshold
k number of element pairs in a symbol charaeter in a (n, k) symbology

M width of element showing greatest deyvjiation from A

m number of modules in a symbol.character

N average achieved wide to narrow ratio

n number of modules in,a‘'symbol character in a (n, k) symbology

Ry bar reflectance

Ry dark reflectance

Rj light reflectance

Rihax maximum reflectance

Rihin minimum reflectance

R space reflectance

RT; reference threshold between measurements j and (j + 1) modules wide

S total width of a character

Vv decodability value

Ve decodability value for a symbol character

Z average achieved narrow element dimension or module size, as measured

© ISO/IEC 2016 - All rights reserved 3
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5 Measurement methodology

5.1 General requirements

The measurement methodology defined in this document is designed to maximize the consistency of
both reflectivity and bar and space width measurements of bar code symbols on various substrates.
This methodology is also intended to correlate with conditions encountered in bar code scanning
hardware.

Measurements shall be made with a defined light source (such as a single light wavelength) and a
measuridg aperture of dimensions defined by the application specification or determined in accordarce
with 5.2J1 and 5.2.2. A circular aperture is defined by its diameter in accordance with Table|1.
Applicatipn specifications may define other aperture diameters or shapes.

Whenevef possible, measurements shall be made on the bar code symbol in its final configuration, j.e.
the configuration in which it is intended to be scanned. If this is impossible, refer to ‘Annex C for the
method tp be used for measuring reflectance for non-opaque substrates.

The sampling method should be based on a statistically valid sample size withinthe lot or batch beipg
tested. A minimum grade for acceptability shall be established prior to quality»control inspection. In the
absence df a sampling plan defined in formal quality assurance procedures or by bilateral agreement, a
suitable glan may be based on the recommendations in ISO 2859-1.

5.2 Reference reflectivity measurements

5.2.1 QGeneral

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

All measyrements on a bar code symbol shall be made within the inspection band defined in accordarce
with 5.2.4.

The meagured reflectance values shall be expressed in percentage terms by means of calibratipn
and referfence to recognized national standards laboratories, where 100 % should correspond to the
reflectange of a barium sulphate or magnesium oxide reference sample.

5.2.2 Measurementlight source

The light|source used for measurements should be specified in the application specification to suit the
intended fscannifg environment. When the light source is not specified in the application specificatign,
measuremments'should be made using the light source that approximates most closely to the light sour|ce
expected|te’be used in the scanning process. Light sources may include narrow band or broad bahd
illumination. Refer to Annex E for guidance on the selection of the light source.

5.2.3 Measuring aperture

The nominal diameter of the measuring aperture should be specified by the user application
specification to suit the intended scanning environment. When the measuring aperture diameter
is not specified in the application specification, Table 1 should be used as a guide. In an application
where a range of X dimensions will be encountered, all measurements shall be made with the aperture
appropriate to the smallest X dimension to be encountered.

In the absence of a defined X dimension, the Z dimension shall be substituted.

4 © ISO/IEC 2016 - All rights reserved


https://standardsiso.com/api/?name=0b85cd44e92c6ecd84ff7dda39e2a050

ISO/IEC 15416:2016(E)

The effective measuring aperture diameter may vary slightly from its nominal dimension due to
manufacturing tolerances and optical effects. Note that the measured width of some of the narrow
elements may be smaller than the measuring aperture diameter.

Table 1 — Guideline for diameter of measuring aperture

X Dimension Aperture diameter Reference
(mm) (mm) number
0,100 <X < 0,180 0,075 03
0180-<X<-0-330 0125 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 didmeter in
thousandths of an inch.

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

5.2.4 Optical geometry
The reference optical geometry for reflectivity measurements shall consist of the following:

a)| asource ofincidentillumination which is uniform across the’sample area at 45° from a perpendicular
to the surface, and in a plane containing the illuminatiofnsource that shall be both perpenfdicular to
the surface and parallel to the bars;

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

The light reflected from a circular sample area of the surface shall be collected within a cone;|the angle
at[the vertex of which is 15°, centred on the perpendicular to the surface, through a circular npeasuring
aplerture, the diameter of 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
acfual device.

Tlis reference geometry is intended to minimize the effects of specular reflection and to jnaximize
thpse of diffuse reflection from' the symbol. It is intended to provide a reference basis to pssist the
C%Sistency of measurement-/It may not correspond with the optical geometry of individual|scanning
a

syktems. Alternative optical geometries and components may be used, provided that their performance
can be correlated with-that of the reference optical arrangement defined in this subclause.

© ISO/IEC 2016 - All rights reserved 5
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Figure 1 — Reference optical arrangement

area|within which all measutement scan paths shall lie shall be contained between two lines

including|quiet zones:

cular to the height of the’bars of the symbol, as illustrated in Figure 2. The lower line shpll
be positigned at a distance above the average lower edge of the bar pattern of the symbol while the
e shall be positioned‘at the same distance below the average upper edge of the bar pattern|of
pol. This distance shall be equal to 10 % of the average bar height or the measuring apertyre
whichever 4s-greater. The inspection band shall extend to the full width of the symhol

© ISO/IEC 2016 - All rights reserved
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Figure 2 — Inspection band

.6 Number of scans

ight of the bars, a numbeft of scans shall be performed across the full width of the symbol

hvelength. These scans shall be approximately equally spaced through the height of the i
nd. The minimupigumber of scans per symbol should normally be 10 or the height of the i
nd divided by the-measuring aperture diameter, whichever is lower. Refer to Annex F for gu
e number of§¢ans.

e overallguality grade of the symbol is determined by averaging the quality grades of the i
hns, in,accordance with Clause 6.

5.

2 Cean rafloactaneca neafila

order to provide for the effects of variations in symbol characteristics at different positigns in the

including

th quiet zones with the/appropriate measuring aperture and a light source of defined nominal

nspection
Lspection
fidance on

Individual

T OCUIT T CTICTtOIICC ProTiTc

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 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
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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 %.
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LINEAR POSITION

Figure 3 — Scan reflectance profile

5.4 Sc3n reflectance profile assessment parameters

5.4.1 GQGeneral

The scan|reflectance profile parameters(described in 5.4.2 to 5.4.9 shall be assessed for compliance
with this|document. Grading of the scan reflectance profile parameters is described in 6.2. Figure 4 is

the same|scan reflectance profile as Figure 3 with certain features indicated.

© ISO/IEC 2016 - All rights reserved
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Figure 4 — Features of scan reflectance profile

5.4.2 Element determination

Td locate the bars and spaces, a global thresheld shall be established. The global threshold shall be
the reflectance value midway between the highest and lowest reflectance values measured if the scan
reflectance profile, or:

GT = (Rmax + Rmin)/2
where

Rmax is the highest réflectance value;

Rmin is the lowestreflectance value.

Edch region abote)the global threshold shall be regarded as a space and the highest reflectance value
in|the region ‘shall be designated the space reflectance, Rs. Similarly, the region below the global
thireshold shall be regarded as a bar and the lowest reflectance in the region shall be designaté¢d the bar
reflectance; Rp.

Farceach space, Rs — GT represents its reflectance margin above the global threshold. For|each bar,
G Ry—Fepresents— eflectance—marginbelow—theslobal-threshold—A—warninsshewld-be issued
when the minimum reflectance margin for any element is less than 5 % of the SC of a symbol. This
warning should caution users to consider the possibility that this symbol is close to an F grade for edge
determination.

NOTE This warning is not required and this recommendation is newly introduced in this revision of this
document.

5.4.3 Edge determination

An element edge shall be defined as being located at the point where the scan reflectance profile
intersects the mid-point between Rg and Ry, of two adjacent regions, i.e. where the reflectance value is
(Rs + Rp)/2. If more than one point satisfying this definition exists between adjoining elements, then

© ISO/IEC 2016 - All rights reserved 9
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the edge position and the element widths will be ambiguous and the scan reflectance profile shall fail
the decode parameter. The quiet zones and intercharacter gaps, if any, are considered to be spaces.

5.4.4 Decode

The symbology reference decode algorithm shall be used to decode the symbol using the element edges
determined in 5.4.3. This algorithm may be found in the symbology specification.

54.5 S

ymbol contrast (SC)

Symbol dontrast is the difference between the highest and lowest reflectance values in a (sc

reflectan

SC=

Ce profile.

{max - Rmin

5.4.6 Edge contrast (EC)

Edge con

rast is the difference between the Rg and Rp of adjoining elements incldding quiet zones. T

lowest vallue of edge contrast found in the scan reflectance profile is the minimuntedge contrast, ECy,

EC=

RS_Rb

5.4.7 Modulation (MOD)

Modulati
MOD

bn is the ratio of the minimum edge contrast to symbolicontrast.

5.4.8 Defects

Defects a
reflectan

Element
between

Fe irregularities found within elements and quiet zones, and are measured in terms of elemg
Ce non-uniformity.

reflectance non-uniformity within' an individual element or quiet zone is the differen
Lhe reflectance of the highest peak and the reflectance of the lowest valley. When an elemg

consists ¢f a single peak or valley, its:reflectance non-uniformity is zero. The highest value of elemg

reflectan

Ce non-uniformity found-in/the scan reflectance profile is the maximum element reflectan

non-unifdrmity. Defect measurement is expressed as the ratio of the maximum element reflectan
non-unifqrmity (ERNpax) tossymbol contrast.

a) Definle the defect adjustment constant “c” equal to 0,075.

NOTH1  “c” cortesponds to the following:

4 small amount of “noise” to be reduced to eliminate instability in measurement;

— gnfamount of contrast difference that is small enough for scanners to ignore.

NOTE 2

he

in-

nt

If “c” would be defined as 0, the method described here is equivalent to the defect grade specified

in the previous edition of this document in all cases (because the factor, F, defined below, would always be
equal to 1).

b) Fore

ach bar element.

1) For each positive Peak Maxima in the element:

i) find the lowest valley to the left of it within the element, called RyinLeft;

ii) find the lowest valley to the right of it within the element, called RminRight;

iii) calculate ERNjeft as the Peak Maximum - RyinLeft;

10
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iv) calculate ERNyight as the Peak Maximum - RminRight;
v) take the lesser of ERNjeft and ERNyight as ERN’ (ERN prime);
vi) setF to the value 1if ERN’ > c. If ERN’ < ¢, then calculate F = ERN'/c;

vii) calculate the provisional ERN for this peak (and only this peak) as F x MAX
ERNright)-

2016(E)

(ERNleft:

2) Take the maximum of the provisional ERN values from all iterations of the previous step as the

ERN of this element.

d)

N(

TH
sh
be
w

«

C

Same as b) for each space element, and as follows.
1) For each negative Valley Minima (a local minima):
i) find the highest peak to the left of it within the element, called RpaxLbft
ii) find the highest peak to the right of it within the element, called RmaxRight;
iii) calculate ERNjeft as RmaxLeft — the Valley minimum;
iv) calculate ERNyight as RmaxRight — the Valley minimum;
v) take the lesser of ERNjeft and ERNyight as ERN’ (ERN prime);
vi) setF to the value 1if ERN’ > c. If ERN’ < ¢, thefcalculate F = ERN'/c;
vii) calculate the provisional for this valley (arfd-only this valley) as F x MAX (ERNjeft,

2) Take the maximum of all the provisional ERN values from all iterations of the previo
the ERN of this element.

Take the maximum of all ERN values from b) 2) and c) 2) as ERNpax for the overall scan.
Defects = ERNpax/SC
TE 3  The calculation of ERNpyax deéscribed above is modified in this revision of this document.

ree cases are especially useful to illustrate the functioning of this algorithm. The leftmos
own in Figure 5 is an exaniple of a case that will be affected by this change. The defect will b
cause ERNjef¢ is verysmall (in particular, it is much less than “c”). The middle example sho

E:RNright)-

1S step as

[ example
e reduced
Ws a case

. The defect measurement will not be affected by this change. The rightmost example

nere many peaks ahd valleys exist within an element, but ERNjeft and ERNyjght are much lifger than
i$ actually

eduivalent to the.uniddle example in as much as this algorithm is concerned, even though ERNjeft and

ER

 Nright are different for each local maxima.

X / \ /

\ /

\ g = /
\ ,.f\nJ\F f-’{
\ S RN /
N N

Figure 5 — Examples to illustrate ERN calculation
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5.4.9 Decodability

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

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

The decofability of a scan reflectance profile is the fraction of available margin which has not Gegen
consumedl 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 reqtired py
the refergnce decode algorithm in the relevant symbology specification. In the following paragraph, the
term “mepsurement” shall be taken to refer to either to a single element width, in symbelogies which
use these directly in the reference decode algorithm (e.g. “Code 39”), or to the combined width of tyvo
or more ddjacent elements, in symbologies using edge to similar edge measuremerits for decoding (d.g.
“Code 128").

The decoglability value is calculated with reference to the following:

a) theayerage achieved width (referred to in the formula below as A) formeasurements of a particular
type [e.g. narrow elements, or bar + space combinations nominally¢otalling 2 (or 3, or 4 ...) modulgs]
in the¢ scan reflectance profile;

b) the reference threshold applicable to measurements ofithe same type as A (referred to in the
formpila below as RT);

c) the actual measurement showing the greatest deviation from A in the direction of the reference
threghold, (referred to in the formula below as MY

The general form of the formula for calculating Wis as follows:

V = aBsolute value of [(RT - M)/(RT - A}

where

(RT 4 M) is the remainingsmargin not used by printing variation;
(RTqA) isthe totakthéoretical margin based on the ideal measurement of the element(s).

Figure 6 {llustrates tHis-principle. The shaded area represents the range of measurements of the same
type as A|(e.g. narrew elements). All measurements are taken from 0.

A M RT
AVERAGE
MEASURED WIDOTH OF
ELEMENT  MOST DEVIAMT  REFEREMCE

0 WIDTH ELEMENT  THRESHOLD
l B Afﬁ 2 '
J TOTAL MARGIN k
¢ AVAILABLE g
| REMAINING |
MARGIN

Figure 6 — Principle of decodability measurement
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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.

5.4.10 Quiet zone check

The average narrow element width, Z, shall be calculated and revised quiet zones determined based
on this dimension. Rpax, ERN of the quiet zones and Rg 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.

6

6.
As
in
pd
te

Syl

conditions used. Each scan reflectance profile shall be analysed and assigned a grade on a d¢

scC
fa
an
of
th
ex|

prj

In

pa
th

pr
al

T}

.2 Scan reflectance)profile grading

Symbol grading

1 General

a consequence of the use of different types of bar code reading equipmentunder differing d
actual applications, the level of quality required of a bar code symbol tolenSure an acceptab
rformance will differ. Application specifications should therefore define'the required perfor
‘ms of symbol grade in accordance with this document, following theguidelines in D.3.

mbol grading shall be used to derive a relative measure of syimbol quality under the mea

hle from 4 to 0 in steps of 0,1. The grade 4 represents thediighest quality, while the grade O r
lure. The scan reflectance profile grade for each scan teflectance profile shall be the lowes
y parameter in that scan reflectance profile. The overall symbol grade shall be the arithm
the scan reflectance profile grades. If any two scans of the same symbol yield different decd

ample of a symbol quality grading is given im-Annex B. For the interpretation of the scan r¢
ofile and profile grades, see Annex D.

order to determine the causes of pogr quality grades, it is necessary to examine the grade
rameter in the scan reflectance profile in question as described in D.2. For process control

ovide meaningful guidance (see 1.4). If the grades alone do not provide sufficient explanati
50 be necessary to examine-the plot(s) of the scan reflectance profile(s).

e scan reflectanee profile grade shall be the lowest grade of the following:
decode;
symbol‘¢ontrast (SC);

minimum reflectance (Rmin);

onditions
le level of
mance in

surement
pscending
Ppresents
t grade of
btic mean
ded data,

en the overall symbol grade, irrespective of individual scan reflectance profile grades, shall be 0. An

flectance

5 for each
burposes,

e averages of the grade for each)parameter obtained from all the scan reflectance profiles may

hn, it may

minimum edge contrast (ECpin);
modulation (MOD);

defects;

decodability (V);

any additional requirements imposed by the application or symbology specification.

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

© ISO/IEC 2016 - All rights reserved
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6.2.1 Decode

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.

6.2.2 Reflectance parameter grading

Depending on their values, symbol contrast, modulation and defects may be graded from 4,0 to O in

steps of §,I; minimum reflectance and minimum edge contrast grades may be graded either 4 or]O0.
These pafameters are interdependent and need to be considered together.
Table 2 d¢fines the parameter values corresponding to the various grades.
Table 2 — Reflectance parameter grading
Grade Rmin SC ECnin MOD Defects
4,0 <0,5 Rmax 270 % 215 % 20,70 <0,15
3,0 255 % 20,60 <0,20
2,0 240 % >0,50 <0,25
1,0 220 % 20,40 <0,30
0 >0,5 Rpmax <20 % <15 % <0,40 >0,30
For SC, MOD and defects, the grade shall be computed as an ifiterpolated value, rounded to the nearg¢st
0,1 in betjween grade levels. For example, SC of 52 % shall résult in a grade of 2,8 and MOD of 0,69 shpll
results irf a grade of 3,9. In the lowest range, the grade shall be interpolated from 1 down to 0, excqdpt
defect wHich shall be 0 for all values greater than 0,30;The decimal part of the SC grade is computed|as
the fractipn of the range for the grade of 2 (15 %) thatthe measured value (52 %) exceeds the minimym
value for p grade of 2 (40 %), computed as 2 + [(52% - 40 %)/15 %].
NOTE The interpolation described above is anew feature in this revision of this document and is introduded
as a way of reducing meaningless grade level fluctuations when small changes in measurements cause a grade{to
transition|between grade levels.
6.2.3 Decodability
The decoflability value, V, for-each scan reflectance profile shall be calculated according to the formyla
for the tyjpe of symbology-ih-question set out in Annex A, supplemented where necessary by formulae
specific tp the symbologyyin question, contained in the symbology specification. Decodability is graded
from 4 to|0, rounded t@the nearest 0,1, in between grade levels according to Table 3. For example, for V
of 0,56 shlall resultina grade of 3,5 and V of 0,20 shall result in a grade of 0,8.
Table 3 — Decodability grades
YV Grade
20,62 4
=0,50 3
=0,37 2
>0,25 1
<0,25a 0
a  Forvalues less than 0,25, interpolate from 1 down to 0.
NOTE The interpolation described above is a new feature in this revision of this document and is introduced

as a way of reducing meaningless grade level fluctuations when small changes in measurements cause a grade to

transition

14

between grade levels.
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A symbol grade is only meaningful if it is expressed in conjunction with the measurement light source
and aperture used. It should be shown in the format G/A/L, where G is the overall symbol grade, i.e. the
arithmetic mean of the scan reflectance profile grades to one decimal place, A is the aperture reference
number, from Table 1, and L indicates the light source, by the light peak wavelength in nanometres
for narrow band illumination, the letter “W” for white (broad band) illumination, or other designator
defined by an application specification.

For example, 2,7/05/660 would indicate that the average of the grades of the scan reflectance profiles

w
ng

7

Ce
m
ac

)’

.05) and a 660 nm light source.

Substrate characteristics

rtain characteristics of the substrate, notably gloss, low opacity and the presence of an over
hy affect reflectance measurements, and the recommendations in Annéx C should be t
count if any of these factors is present.

rture (ref.

Hlaminate
hken into

© ISO/IEC 2016 - All rights reserved

15


https://standardsiso.com/api/?name=0b85cd44e92c6ecd84ff7dda39e2a050

ISO/IEC

15416:2016(E)

Annex A
(normative)

Decodability

A.1 Geperal

This ann¢x defines general formulae for the calculation of the decodability value, V, for symbolog

for whic
suppleme
symbolog

A2 Tw

In each s

For each

algorithnj.

Then,
V1=
V2=
Ve =t

The deco
character

A.3 Ed
If necessg

Z=(3
where S g

For each

the reference decode algorithm defines reference thresholds. These formulae.'may
nted by additional formulae specific to an individual symbology and defined in the relevg
y specification.
o-width symbologies
an reflectance profile, calculate Z and N for the whole symbol.

kymbol character or auxiliary pattern, calculate RT in accopdance with the reference deco

[RT - ¢)/(RT - Z)
(E - RT)/[(N x Z) - RT]
he lesser of V1 or V2

lability value, V, for the scan reflectafee profile shall be the lowest value of V¢ for any symbh
or auxiliary pattern.

e to similar edge decodable symbologies [(n, k) symbologies]
ry in each scan refleetarice profile, calculate Z for the whole symbol:

verage S)/n

nd n are as defined in 4.2.

ymbol character, determine a set of reference thresholds RTj:

forall j =1ton-2(k-1)

lf*m_rﬁ'gj— F 0,5 Siy/m

es
be
nt

ol

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

for al

li=1to2(k-1)andallj=1ton-2(k-1)

let K = smaller of absolute value of (e; - RTj) or previous K

where e;j is the measurement from leading edge of element i to leading edge of element (i + 2).

Then, V¢ = 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
(informative)

Example of symbol quality grading

2016(E)

B

T}
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1 Individual scan retlectance profile grading

is annex illustrates the determination of the grades for the scan reflectance profile shown in
suming measurement using a 900 nm (infrared) light source and a 0,125 mm aperturé.

ferring to Figure 3, the actual reflectance values may be determined graphicallyin order to
hn reflectance profile.

nimum reflectance (Rpin) is 10 % while the maximum reflectance (Rmax) is 82 %. T
reshold is therefore 46 %. Rnyin satisfies the (0,5 x Rynax) test by beingless than (0,5 x 82 %)]

Symbol contrast (SC) is 82 - 10 = 72.

nimum edge contrast (ECpin) occurs on edge 4, where Rg-atid Ry, are 76 % and 34 %, res|
min 1S 76 — 34 = 42.

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

hximum element reflectance non-uniformity (ERNax), the largest non-uniformity or defect
flectance profile, can be found as the result ofia void in element 7, a bar. ERNpyax is equal to
. Note that the ERNpax can be in any bar, space or quiet zone. The defects value is therefore

12/72 =0,17.

suming that the symbol has decoded correctly (as characters “Start $ M Stop” in “Code 39”
e decodability value, V, has been-calculated as 0,58, the following individual parameter g}

Table B,1'— Grades for the scan reflectance profile as shown in Figure 3

Figure 3,

grade the

he global
=41 %.

pectively.

in a scan
36 - 24 =

and that
rades and

e scan reflectance profile grade can be determined for the scan reflectance profile in Figiire 3 (see
Table B.1).

Parameter Value Grade
Decode 4
Rmax 82 %

Rmin 10 % 4.0
SC 82-10=72% 4,0
ECrmm F6—34=42% 40
MOD 42/72 =10,58 2,8
Defects 12/72=0,17 3,6
Decodability 0,58 3,7

Since the lowest individual grade, in this instance the grade for MOD, is 0,28, the scan reflectance profile

gr
Se

ade is also 2,8.

e also Annex G.
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B.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] 2’ 3’ 3[ 4’ 2’ 2’ 2’ 3I 3'

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

reported in the form

2,6/05/900

For infor:lnation, this result would be shown, using alphabetic grading as

B/05§900.

18
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Annex C
(informative)

Substrate characteristics

2016(E)
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J1 General

2 Substrate opacity

certain circumstances (for example, the design and production of printed packaging

Corporating bar code symbols), it is necessary or desirable to assess the acceptability of s
d/or ink colours for a given bar code application, before a bar code symbol is available, wh
tested in accordance with this document.

it is not possible to measure the symbol in this configuration, then the effects of show-t}
bh-contrast interfering patterns may be ignored if whefdneasured as follows, the substrat
0,85 or greater. If the opacity is less than 0,85, the syimbol should be measured when ba
iform dark surface the reflectance of which is not more than 5 %.

e opacity of the substrate shall be calculated as follows:

Opacity = R2/R1

lere

R1 isthe reflectance of a sample sheet of the substrate backed with a white surface the
reflectance of whichis\89 % or greater;

R2 isthe reflectance-of the same sample sheet backed with a black surface of not more t
5 % reflectance.

3 Gloss

e referénce illumination conditions specified for the measurement of reflectance sho
e maximum rejection of specular reflection while giving a representative assessment of t
flectance of the symbol and substrate. Highly glossy materials and those whose diffuse r¢

ch

materials
ubstrates
ich could

e symbol shall be graded according to the reflectance parameters.i’6.1.2 when measured in its final
configuration, e.g. final filled package.

nrough of
e opacity
ked by a

an

d enable
e diffuse
flectance

aracteristics vary with the angle of incident and/or collected light may vield grades diffe

Fing from

those obtained by the use of the reference optical arrangement.

C.4 Over-laminate

A symbol intended to be covered with a protective lamination should be graded according to the
reflectance parameters in 6.2.2 when measured with the laminate in place. The thickness of the
laminate including its adhesive should be as small as possible in order to minimize its effects on the
reading performance of the symbol.

© ISO/IEC 2016 - All rights reserved
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C.5 Staticreflectance 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 generally possible, the results which will be obtained when the
symbol is scanned dynamically.

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 to 5.2.3.

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

R=1(0/10D.
NOTE It is impossible to predict to a high degree of accuracy the symbol contrast and, in’particular, the edge

contrast which will be achieved in the printed symbol. It is therefore appropriate to allow some safety margin
above the minimum values for specified grades.

C.5.1 Prediction of symbol contrast (SC)

The prediction of SC requires that measurements of reflectance beanade on samples which simulate the
highest (Rmax) and lowest reflectance (Rpyin) areas which will be present in the finished symbol.

Itis probgble that in most bar code symbols, Rmax will be found'in the quiet zone of the symbol; therefdre
to simulage the conditions found in the quiet zone, Ry x:shotld be measured in the centre of a sample
area, at ldast 10x in diameter, of the material on which the symbol is to be printed.

It is proHable that in most bar code symbols, Ry will be found in the widest bars of the symbpl;
therefore| to simulate the conditions most likelyi.to yield a value of Ry,j, consistent with that which
would be|found in practice, reflectance shouldbe measured in the centre of a strip of material 2x to Bx
wide and|which matches the colour in whieh:the bars are to be printed.

A predicted value of SC can then be calculated as follows:

SC' = Rmax = R min

C.5.2 Pfediction of minimum edge contrast (ECyyin) and modulation (MOD)

In order tpo assess theg@rade for modulation (MOD), it is necessary to predict the minimum value of edige
contrast likely to be found in practice. It is best to make measurements of edge contrast on the printed
symbol. If that issnot possible, the prediction of ECpj, requires that measurements of reflectance
made on|[samples which simulate the smallest reflectance difference which will be found betwe
adjacent glements. It is probable that in most bar code symbols, this condition will be found whers¢
llghtand car Ereiien vv“‘i“ Catn ‘va‘;“ZG;"‘ OCat ot et ant—WhetYeE yiemesyesyy

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 C.1.
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Figure C.1 — Mask for static reflectance measurements

e mask shown in Figure C.1 should be made of a material that is as thin as is practic
wever have some thickness and would therefore be capable of casting a shadow. To ensur
fects of this are minimized, it is essential that the light'source(s) of the instrument used to
basurements are oriented to be in line with the lorig axis of the elements in which the meas

mm, whichever is greater.

'med when the mask in Figure C.1 is'placed over a background of the material and colour
e bar code is to be printed.

'med when the mask inFigure C.1 is placed over a background of the material and colour
e bar code is to be printed.

bredicted value of\Ecmin can then be calculated as follows:

Ecmin' = R¢5 Rb

w

b

r materials which do not satisfy the tests for opacity, which are detailed in C.1, the meas
ichr are made for the purpose of predicting SC and ECmin should be made with the tes

2016(E)

al. It will
b that the
make the
urements

e being made. The narrow dark element AA and'the narrow light element BB should each be equal
width to the X dimension of the symbol to be'printed and the height of BB should be at legst 20x or

e measurement of the reflectance value Rg should be made in the narrow light elementl which is

on which

e measurement of the reflectance value Ry should be made in the narrow dark element which is

on which

urements
[ samples

cked" by a uniform dark surface, the reflectance of which is not more than 5 %. The same

flectance

of which is not less than 89 %. The calculated values of static SC and ECmin 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 as follows:

MOD, = ECmin’/SC’

© ISO/IEC 2016 - All rights reserved
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C.5.3 Acceptability of measured and derived values

The grades corresponding to the static values of SC and ECpip 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 H.
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Annex D
(informative)

Interpretation of the scan reflectance profile and profile grades

D
T}

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

In

reflectance parameters should be considered:

D

W
in
in

control purposes, significant additional information may be derived by averaging the grades

fo
w
ex|

B3

1 Significance of scan retlectance profiles

e scan reflectance profile represents the signal from a typical bar code scanning device.In 4
order to allow a variety of edge finding circuits to find the intended elements, the

the global threshold should be traversed by every edge in the symbaol;
symbol contrast, modulation and minimum edge contrast shouldnot be too low;
defects and minimum reflectance should not be too high.

addition, to allow a decoder to function, the following parameters should be considered:
decode;

decodability.

2 Interpretation of results

hen examining a symbol with a view. to drawing conclusions about the possible causes of 1o
lividual parameter grades should:bé examined, as well as the overall grade. There is a
ferdependence between the parameters, but typical causes and effects are listed below. Fqg

" each parameter for all scanreflectance profiles. In particular, the measurement of the av
dth gain or loss may be(used for monitoring the performance of a printer or printing press
tended print run.

r width gain:
may be reported directly (as average);
reduces.EC;

réduces MOD;

bar code

following

w grades,
degree of
I process
obtained
erage bar
during an

reduces 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);

increases EC initially; when excessive, reduces EC;

© ISO/IEC 2016 - All rights reserved
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— increases MOD initially; when excessive, reduces MOD;

— mayi

ncrease Rmin;

— reduces decodability:

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

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

— may ¢ause decode failure 1I excessive.

Irregular

— Causg

— may ¢ause decode failure if excessive.

Uneven ix
— decrg
— decrg

— may

— may ¢ause spurious elements to be detected (decode failuré):

Voids and

— increpse ERN;
— if exdessive in size may cause spurious elements‘to be detected (decode failure);

— may ¢ause edge determination failure.

D.3 Mg
Because

— verti
— toler
— abilit
— avail

Symbols

element edges:

variations in decodability between scan reflectance profiles;

king:
ases EC;
ases MOD;

ncrease ERNpax;

/or specks:

tching grades to applications

f the varying features of bar code systems, notably:

fal redundancy;

inces in decoding-algorithms;

y of operators to rescan in the event of failure to read;
hbility @f scanning equipment with multiple scan paths.

vith differing grades may give good performance in practice. Application specifications shoy

specify tl

T IITTIITUIT acceptabie grade (together witiTaperture size and Sirape and gt wavetength

light source) to suit the characteristics of the scanning environment.

1d
or

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.

24
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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.

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 may 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.

SyImbols graded below 0,5 will have had a high proportion of “failed” scan reflectance prefilg

urj

D

In
to

Ox

likely to perform reliably with any reading equipment.

4 Alphabetic grading

certain application specifications, grades are identified using the letters A¢B, C, D and F to ca

the numeric grades 4, 3, 2, 1 and 0 respectively used in this document,

rerall symbol grading using this scheme is in accordance with Table-D-1.

Table D.1 — Overall symbol grading — Numeric and alphabetical grading equivale

Numeric range Alphabetic grade
3,5t04,0 A
2,5t0<3,5 B
1,5to0<2,5 C
0,5to<1,5 D
below 0,5 F

© ISO/IEC 2016 - All rights reserved
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Annex E
(informative)

Guidance on selection of light wavelength

E.1 Geperal

5.1 and 3.2.2 require measurements to be made using the wavelength of light which thedntended
scanninglenvironment will use. If, as may happen, an application specification does not specify.the light
source, a judgment needs to be made in order to determine the most likely wavelength, to enable valid
measurernents to be made and to be sure that the results will be properly indicative gfdikely scannipg
performz:r:lce in the application.

E.2 Light sources

Light sources for bar code scanning applications normally fall into twe \broad areas, namely visiljle
light and jnfrared light, although a very few highly specialized applications may call for light sources|of
unusual dharacteristics such as ultra-violet for fluorescent bar codeé'symbols.

Visible light scanning normally uses light sources with a peak wavelength in the red part of the
spectrun], between 620 nm and 700 nm. Infrared scanning uses sources with peak wavelengths
between 20 nm and 940 nm.

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

a) helium-neon laser (633 nm);

b) light{emitting diode (numerous wavelengths, both visible and infrared);
c) solid{state laser diode (numerous wavelengths, both visible and infrared);
d) incarldescentlamp (nominally white light);

e) white LED.

The key dharacteristics of these are as follows.

A helium-neon laser.is-a gas-filled laser tube which emits highly monochromatic coherent light af a
peak wavelength 0f632,8 nm (most usually rounded to 633 nm), in the visible red area of the spectrum.

A light-emitting diode is a low-power solid-state component most frequently found as the light sour
in a light pen (wand) or CCD scanner. Operatmg wavelengths in the Vlslble spectrum may be frd

558

to 940 nm is the most common range of wavelengths.

Typical wavelengths used by solid-state laser diodes at the date of publication of this document are
780 nm (infrared) and, in the visible spectrum, 660 nm and 680 nm. They are frequently found in hand-
held (laser) scanning equipment and a number of fixed scanners.

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 infrared 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 nm to 633 nm source.

26 © ISO/IEC 2016 - All rights reserved
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White LEDs emit a combination of wavelengths that are prominent in the blue and yellow regions. The
colour spectrum of white LEDs should be defined within an application.

NOTE Wavelengths stated above can change as the technology evolves.

E.3 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

refore nF]nur-rnﬂnr‘fnnr‘p), whereasawhite red or orange area will reflect maost of the incident hght

th

In
it

reflectance. Taking reflectance measured at 633 nm as a reference, when measured-at 6

69
or|

the infrared spectrum, the apparent colour of the element does not correlate at all with e
s the nature of the pigmentation used (for example, the proportion of carbon content)whic

Flectance;
h governs
b0 nm or

0 nm, the results may differ significantly and sufficiently to cause the symbol grade’to change by one

two units, or even more in the case of bars printed on some thermal papers.

© ISO/IEC 2016 - All rights reserved
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Annex F
(informative)

Guidance on number of scans per symbol

Bar code symbols are designed to provide a considerable degree of vertical redundancy of the
informatjon contained in them. Localized defects and variations in symbol characteristics may ocdur
in the height of the symbol, resulting in the likelihood of scan reflectance profiles from different.schn
paths acrjoss the symbol differing significantly. It is therefore necessary to assess the overall symhol
quality by averaging scan reflectance profile grades from multiple scan paths.

The minijnum number of scans per symbol as defined in 5.2.5 should normally be 10 or thé height of the
inspectioh band divided by the measuring aperture diameter, whichever is lower.

Where thle production process (in particular, in the circumstances defined in L.1).has been shown to pe
subject td a relatively low incidence of the defects and variations referred to abhoyve through documented
formal qyality assurance procedures in accordance with ISO 9000 and related standards, the number
of scans fjer symbol may be reduced in order to simplify the process of assessment of large numbers|of
symbols. [Refer to .2 for details of this reduction.

28 © ISO/IEC 2016 - All rights reserved
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Annex G

(informative)

Example of verification report

ISO/IEC 15416:2016(E)

There exists a wide range of verification equipment designed to measure the quality of bar code

syjmbols. Table G.1 illustrates an example report produced by one of these devices (assumin
report below was obtained with the use of a measuring aperture of 0,250 mm diameter (ref.n
with a 660 nm light source. The grade should therefore be reported as 3,3/10/660.

Table G.1 — Example of verification report

b that the
p. 10) and

VERIFICATION REPORT
Date 23.12.14 Time 16:12:34
Aperture: 0,25 mm Wavelength: 660 nm
Symbology: Code 39 Decoded data? $M
Oyerall Symbol 3,3 (B) Averaged,ower 1
Grade: (no. of~Scans):
S¢tan reflectance profile analysis
Parameter Value Grade
Dgcode Pass 4
Rhax 79 % N/A
Rhin 2% 4
Global threshold 41 % N/A
S{mbol contrast 77 % 4,0
Min. edge contrast 48% 4
Mpdulation 63 % 3,3a
D¢fects 16 % 3,8
Dg¢codability 75 % 4,0
PCS 97 % N/A
AVerage bar gain +3,0 % N/A

a| Parameter grade (s)

determining scan reflectance profile grade.
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