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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 ngn= —in—tiat f ; f - i of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives| Part 2.

The mgin task of the joint technical committee is to prepare International Standards. Draft International
Standgrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
ion is drawn to the possibility that some of the elements of this document may be the subject of patent

rights. ]SO and IEC shall not be held responsible for identifying any .gr-all such patent rights.

ISO/IELC 15415 was prepared by Joint Technical Committee’ ISO/IEC JTC 1, Informatidn technology,
Subcommittee SC 31, Automatic identification and data captare techniques.

This s¢cond edition cancels and replaces the first edition (ISO/IEC 15415:2004), which has bgen technically
revised. It also incorporates the Technical Corrigendum-1SO/IEC 15415:2004/Cor.1:2008.

© ISO/IEC 2011 — All rights reserved \"
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Introduction

The technology of bar coding is based on the recognition of patterns encoded, in bars and spaces or in a
matrix of modules of defined dimensions, according to rules defining the translation of characters into such
patterns, known as the symbology specification. Symbology specifications may be categorised into those for
linear symbols, on the one hand, and two-dimensional symbols on the other; the latter may in turn be
sub-divided into “multi-row bar code symbols”, sometimes referred to as “stacked bar code symbols”, and

“two-dimensio “
symbologies”;
which is usual
with the linear

Multi-row bar @
data and over|
symbol, which
code symbol ¢
by linear symi

these symbols consist of two components carrying a single message or related data,
y a linear symbol and the other a two-dimensional symbol positioned in a defined relat
5ymbol.

ode symbols are constructed graphically as a series of rows of symbol characters, repre
contains a single data message. Each symbol character has the characteristics of a lin

haracter and each row has those of a linear bar code symbol; eachxow, therefore, may
ol scanning techniques, but the data from all the rows in the symbol must be read bef

message can be transferred to the application software.

Two-dimensiofal matrix symbols are normally square or rectangular arrangements of dark and light m

the centres of
each module

analysed two-
individual mod

vhich are placed at the intersections of a grid of two (semetimes more) axes; the coordin
need to be known in order to determine its significance, and the symbol must there
limensionally before it can be decoded. Dot codes are a subset of matrix codes in wh
Liles do not directly touch their neighbours but are’separated from them by a clear space,

head components, placed in a defined vertical arrangement to form a(normally) recttEnguIar

nposite
one of
onship

senting

ar bar
e read
bre the

bdules,
ates of
ore be
ich the

Unless the corjtext requires otherwise, the term “symbo]™in this International Standard may refer to either type
of symbology.

The bar code $ymbol must be produced in such~a way as to be reliably decoded at the point of use, i{ it is to
fulfil its basic objective as a machine-readable data carrier.

Manufacturers| of bar code equipment @nd the producers and users of bar code symbols therefore frequire
publicly available standard test specifications for the objective assessment of the quality of bar code symbols
(a process known as verification);“to which they can refer when developing equipment and application
standards or |determining the-guality of the symbols. Such test specifications form the basis for the
development ¢f measuring €quipment for process control and quality assurance purposes during symbol

production as ell as afterwards.

The performarjce of measuring equipment for the verification of symbols (verifiers) is the subject of a s¢parate
International Standard (ISO/IEC 15426, Parts 1 and 2).

This International Standard is infended fo achieve comparable results 1o the Tinear bar code symbol quality
standard ISO/IEC 15416, the general principles of which it has followed. It should be read in conjunction with
the symbology specification applicable to the bar code symbol being tested, which provides symbology-
specific detail necessary for its application. Two-dimensional multi-row bar code symbols are verified
according to the ISO/IEC 15416 methodology, with the modifications described in Clause 6; different
parameters and methodologies are applicable to two-dimensional matrix symbols.

There are currently many methods of assessing bar code quality at different stages of symbol production. The
methodologies described in this International Standard are not intended as a replacement for any current
process control methods. They provide symbol producers and their trading partners with universally
standardized means for communicating about the quality of multi-row bar code and two-dimensional matrix
symbols after they have been printed. The procedures described in this International Standard must
necessarily be augmented by the reference decode algorithm and other measurement details within the
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applicable symbology specification, and they may also be altered or overridden as appropriate by governing
symbology or application specifications.

Alternative methods of quality assessment may be agreed between parties or as part of an application
specification.

For direct part mark applications, a modified version of the methodology defined in this International Standard
has been defined in ISO/IEC TR 29158.
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ecifies two methodologies for the measurement of specific attributes) of) two-dimens
Mmbols, one of these being applicable to multi-row bar code symbologies and the
hensional matrix symbologies;

fines methods for evaluating and grading these measurements:and deriving an overall
mbol quality;

es information on possible causes of deviation from optimum grades to assist u
propriate corrective action.

ternational Standard applies to those two-dimensional symbologies for which a refg
m has been defined, but its methodologies can be applied partially or wholly tg
ogies.

his International Standard can be applied to direct part marks, it is possible that be

n measurement results and seganning performance will be obtained with ISO/IE
ation with this International Standard.

brmative references
ces, only the\edition cited applies. For undated references, the latest edition of f{
ent (including'any amendments) applies.

C 197621, Information technology — Automatic identification and data capture (AIDC
hized.vocabulary — Part 1: General terms relating to AIDC

onal bar code
other to two-

assessment of

sers in taking

rence decode
other similar

fter correlation
C TR 29158 in

llowing referenced~documents are indispensable for the application of this documé¢nt. For dated

he referenced

techniques —

ISO/IEC 19762-2, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmonized vocabulary — Part 2: Optically readable media (ORM)

ISO 77

24-2:1984, Paints and varnishes — Colorimetry — Part 2: Colour measurement

ISO/IEC 15416, Information technology — Automatic identification and data capture techniques — Bar code
print quality test specification — Linear symbols

NOTE

The Bibliography lists official and industry standards containing specifications of symbologies to which (inter

alia) this International Standard is applicable.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-2,
ISO/IEC 15416 and the following apply.

3.1

binarised image
binary (black/white) image created by applying the Global Threshold to the pixel values in the reference grey-

scale image

3.2

effective resolution

resolution obtd
pixels per inch
of the optical €

3.3

error correcti
number of cod
number of cod

3.4

inspection area

rectangular arg

3.5
grade thresha
boundary valu

3.6
module error
module of whig

3.7

pixel
individual light
metal oxide se

3.8
raw image

ined on the surface of the symbol under test, normally expressed in pixels per millim
, and calculated as the resolution of the image capture element multiplied by the magni
ements of the measuring device

bn capacity
ewords in a symbol (or error control block) assigned for erasure and error‘correction, mi
bwords reserved for error detection

a which contains the entire symbol to be tested inclusive ofiits quiet zones

Id

e separating two grade levels, the value itself beihg taken as the lower limit of the upper ¢

h the apparent dark or light state in the binarised image is inverted from its intended stat

Lsensitive element in an arfay [e.g. CCD (charge coupled device) or CMOS (complen
miconductor) device]

plot of the ref
discrete reflec

lectance values’in x and y coordinates across a two-dimensional image, represent
nce valugsfrom each pixel of the light-sensitive array

etre or
fication

nus the

rade

W

hentary

ng the

bm the

discrete reflectance values of each pixel of the light-sensitive array by convolving the raw image with a
synthesised circular aperture

3.10

reflectance margin
measurement of modulation using error correction and known module colours

3.1
sample area

area of an image contained within a circle 0,8X in diameter, X being the average module width determined by
the application of the reference decode algorithm for the symbology in question or, where the application
permits a range of X dimensions, the minimum module width permitted by the application specification

© ISO/IEC 2011 — All rights
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scan grade
result of the assessment of a single scan of a matrix symbol, derived by taking the lowest grade achieved for
any measured parameter of the reference grey-scale and binarised images

4 Symbols and abbreviated terms

AN = Axial Nonuniformity

E.sp = error correction capacity of the symbol

e= nurinber of erasures

FPD =

GN = (

GT=(

MARG

which goes to zero for modules of the incorrect reflectance state

MOD 4

Rmax =
of any

Rmin =
area in

SC=

(0)]

t = nunpber of errors

UEC =

5 Q

51 ¢(

The m
overall

Fixed Pattern Damage
brid Nonuniformity
lobal Threshold

N = a measure of the difference in reflectance between a module.and the global thresho

an absolute measure of the difference in reflectance between a module and the global t

highest reflectance in any element or quiet zone in@ scan reflectance profile, or the high
sample area in a two-dimensional matrix symbol

owest reflectance in any element in a scan_reflectance profile, or the lowest reflectance
a two-dimensional matrix symbol

ymbol Contrast (equal to Ryax - Rmin)

Unused Error Correction

hality grading

beneral

pasurement of two-dimensional bar code symbols is designed to yield a quality grade
quality of the symbol which can be used by producers and users of the symbol for

d, the value of

hreshold

est reflectance

of any sample

indicating the
Hiagnostic and

b_caontral nuirnacac  and awhich 1o heaadh, neadiotivia Af tha raad ~arfarmancna ta ha o
SOMtroT o oo ooty c—or—mc—¢ oS

proces

~ PoTrpooToTT™ oToaaty— T PTTTO TtoTIoTT T

xpected of the

symbol in various environments. The process requires the measurement and grading of defined parameters,
from which a grade for an individual scan (scan reflectance profile grade or scan grade) is derived; the grades
of multiple scans of the symbol are averaged to provide the overall symbol grade.

As a consequence of the use of different types of reading equipment under differing conditions in actual
applications, the levels of quality required of two-dimensional bar code symbols to ensure an acceptable level
of performance will differ. Application specifications should therefore define the required performance in terms
of overall symbol grade in accordance with this standard. The guidelines in Annex D.4 are provided as an aid
in writing application standards which employ this standard.

This standard defines the method of obtaining a quality grade for individual symbols. The use of this method in
high volume quality control regimes may require sampling in order to achieve desired results. Such sampling

plans, i

© ISO/IE

ncluding required sampling rates are outside of the scope of this international standard.
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NOTE Information on sampling plans may be found in the following: ISO 3951-1, ISO 3951-2, 1SO 3951-3,
ISO 3951-5 or ISO 2859-10.

5.2 Expression of quality grades

Although this International Standard specifies a numeric basis for expressing quality grades on a descending
scale from 4 to 0, with 4 representing the highest quality, individual parameter grades and individual scan
grades may also be expressed on an equivalent alphabetic scale from A to D, with a failing grade of F, in
application standards with a historical link to ANSI X3.182.

Table 1 maps the alphabetic and numeric grades to each other.

Table 1 — Equivalence of numeric and alphabetic quality grades

Numeric grade Alphabetic Grade
4 A
3 B
2 C
1 D
0 F

5.3 Overall|Symbol Grade

The overall symbol grade shall be calculated as ‘\defined in 6.2.6 or 7.10. Overall symbol grades shall be
expressed to dne decimal place on a numeric scale ranging in descending order of quality from 4,0 to 0}0.

Where a specification defines overall symbélbgrades in alphabetic terms the relative mapping of the alphabetic
and numeric gfades is as illustrated in Figure 1 below. For example, the range of 1,5 to immediately bejow 2,5
corresponds tq grade C.

AlB | C|D|F

0,5

35 4 25,15

4 "3 72 "1 0

Figure 1 — Mapping of alphabetic and numeric overall symbol grades
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5.4 Reporting of symbol grade

A symbol grade is only meaningful if it is reported in conjunction with the illumination and aperture used. It
should be shown in the format grade/aperture/light/angle, where:

"grade” is the overall symbol grade as defined in 6.2.6 or 7.10, i.e. the arithmetic mean to one decimal
place of the scan reflectance profile or scan grades,

e "aperture" is the aperture reference number (from ISO/IEC 15416 for linear scanning techniques, or the
diameter in thousandths of an inch (to the nearest thousandth) of the synthetic aperture defined in 7.3.3),

anometres (for
measured with
mperatively be

detfined or have their source specification clearly referenced,

e "angle" is an additional parameter defining the angle of incidence (relative to the plane of[the symbol) of
thqg illumination. It shall be included in the reporting of the overall symbdal grade when the angle of
ingdence is other than 45°. Its absence indicates that the angle of incidence is 45°.

NOTE While illumination from four sides with an angle of incidence of 453\is the default, other andles of incidence
may be specified as requirements for grading by specifying the angle instead of leaving it blank. Other lighting
options are defined in ISO/IEC TR 29158 which may be more appropriate for direct part marking applications,
especially in applications which rely on symbols marked on reflectance substrates.

An asterisk following the value for "grade", in the case of a{two-dimensional matrix symbol, indicates that the
surroundings of the symbol contain extremes of reflectance that may interfere with reading - seq 7.6.

Examples

2,8/05/660 would indicate that the average of the grades of the scan reflectance profiles, or of the scan |grades, was 2,8
when thlese were obtained with the use of a 0,125 mm aperture (ref. no. 05) and a 660 nm light source, indident at 45°.

2,8/10/W/30 would indicate the grade of a symbol intended to be read in broadband light, measured witH light incident at
30° and using a 0,250 mm aperture (refxne. 10), but would need to be accompanied either by a feference to the
application specification defining the reference spectral characteristics used for measurement or a definitign of the spectral
characteristics themselves.

2,8*/10/670 would indicate the grade of a symbol measured using a 0,250 mm aperture (ref. no. 10), anfl a 670 nm light
source,[and indicates the presence of a potentially interfering extreme reflectance value in the surroundings of the symbol.

NOTE The same notation is used to specify a minimum grade that is required in an application as is a grade that is
obtained ‘by,measuring a symbol in accordance with this standard. For example, an applicatipn standard may
specifyasymbol quality requirement as 1.5/05/660 and this would be met by a measured gra@le of X.X/05/660
as long as X.X is a number that is greater or equal to 1.5. However, this requirement woulfd not be met by
2:0/10/660 nor 3.0/05/W nor 3.5/05/660/30.

6 Measurement methodology for two-dimensional multi-row bar code symbols

6.1 General

The evaluation of two-dimensional multi-row bar code symbols shall be based on the application of the
methodology of ISO/IEC 15416, modified as described in 6.2.2 or 6.3, and if appropriate for the symbology, on
the application of the additional provisions described in 6.2.3, 6.2.4 and 6.2.5, to derive an overall symbol
grade. Ambient light levels shall be controlled in order not to have any influence on the measurement results.
The symbol shall be scanned using the light wavelength(s) and effective aperture size specified in the
appropriate application standard. When performing a measurement, the scan lines should be made
perpendicular to the height of the bars in the start and stop characters and should as far as possible pass
through the centres of rows in order to minimise the effect of cross-talk from adjacent rows. In the case of area

© ISO/IEC 2011 — All rights reserved 5
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imaging techniques, a number of scan lines, perpendicular to the height of the bars and sufficient to cover all
rows of the symbol, shall be synthesised by convolving the raw image with the appropriate synthetic aperture.

6.2 Symbologies with cross-row scanning ability

6.2.1 Basis of grading

The distinguishing feature of these symbologies is their ability to be read with scan lines that cross row
boundaries. Symbologies of this type, at the date of publication of this International Standard, also share the
feature that the start and stop patterns (or equivalent features of the symbol, e.g. the Row Address Patterns of
MicroPDF417) are constant from row to row, or the position of only one edge in these patterns varies by no

more than 1Xi

Analysis g
Codeword
Unused E

Codeword

6.2.2 Grade

The start and
ISO/IEC 15416
Test scans

ISO/IEC 15416
aperture size 3

adiscentrowse-of-thacumhal Thaca cumhaoloaiece-chall ba aradad-inrecneact of:
+adjacentrows-of the-symbel—These-symbelogies-shall-be-gradedinrespestof:
f the scan reflectance profile (based on ISO/IEC 15416) (see 6.2.2)

Yield (see 6.2.3)

fror Correction (see 6.2.4)

print quality (see 6.2.5)

based on analysis of scan reflectance profile

stop or equivalent (e.g. Row Address) patterns of the<symbol shall be evaluated acco
. Regions with data content will be evaluated separately as described in 6.1.2, 6.1.3 an
pf the Start and Stop patterns shall be graded using all parameters speci
.The effective aperture size is specified in the@ppropriate application standard or is the
ppropriate for the symbol X dimension givenin ISO/IEC 15416.

For the analys
symbol divid

e
evenly space%

performed in a
positions in th
selection of thg

To identify bar

is of the scan reflectance profiles, thecnumber of scans should be ten, or the height
by the measuring aperture if this ‘quotient is less than ten. Scans should be approx
over the height of the symbol. For‘example, in a twenty-row symbol the ten scans m
ternate rows. In a two-row symbal; up to five scans might be performed in each row, at d
e height of the bars. The symbology specification may give more specific guidance
scans to be used.

5 and spaces, a Glaobal Threshold for each scan has to be determined. Global Thresho,

ing to
6.1.4.
ied in
default

of the
mately
ght be
ifferent
on the

d shall

be equal in re
the lowest refl
quiet zones) a

lectance to (Rpax® Rmin) / 2, where the values R, and R, are respectively the highest and
ectances in the(scan. All regions above the Global Threshold shall be considered spafes (or
nd all regions.below shall be considered bars.

Edge locationg shall be.determined as the points where the reflectance value is midway between the
reflectance in|theadjoining space and the lowest reflectance in the adjoining bar, in accordang
ISO/IEC 15416.

highest
e with

For the evaluation of the parameters ‘decode’ and ’decodability’ the reference decode algorithm for the
symbology shall be applied.

Each scan shall be graded as the lowest grade for any individual parameter in that scan. The grade based on
scan reflectance profiles shall be the arithmetic mean of the grades for the individual scans.

The measurement of bar width gain or loss may be used for process control purposes. Note that this method

will not be sensitive to printing variations parallel to the height of the start and stop characters. If a full analysis
of the printing process is desired, symbols should be printed and tested in both orientations.
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6.2.3 Grade based on Codeword Yield

This parameter measures the efficiency with which linear scans can recover data from a two-dimensional
multi-row symbol. The Codeword Yield is the number of validly decoded codewords expressed as a
percentage of the maximum number of codewords that could have been decoded (after adjusting for tilt). A
poor Codeword Yield, for a symbol whose other measurements are good, may indicate a Y-axis print quality
problem (such as those shown in Table C.1).

Obtain a matrix of the correct symbol character values, such as would result from successful completion of the
UEC calculations (see 6.2.4). This matrix is used as the "final decode of the symbol" used in subsequent

steps to determine validly decoded codewords.

An indi

1)

2)

It is im
to dete
As exa
matchi
Refere
no cod
only a
other ¢

Decod

For ea
and co
and up
the nu
crossin
adjace

After p
far, as
pattern

The en

vidual scan qualifies tor inclusion in the Codeword Yield calculation It It meets either of, tw

The scan did not include recognised portions of either the top or the bottom row of
least one of the Start or Stop (or Row Address) patterns shall have been successfully
that scan, together with at least one additional codeword or the corresponding secon
pattern, or Row Address Pattern.

The scan included recognised portions of either the top or the bottom row of the sy
Start and Stop patterns of the symbol shall have been successfully.decoded from that s

bortant to note that an extension to the symbology’s Reference,;Decode Algorithm is reg
ct and decode a pair of Start and Stop patterns when neitherof the adjacent codeword
mples, a linear search for a matching pair of PDF417 Starb and Stop patterns, or a line

hce Decode Algorithm alone did not decode both patterns; thus this extension can qualif
pwords (other than the matched end patterns) were*decoded. Note however, that a sca
single decoded Start or Stop pattern found by thisilinear search does not count as a qual
pdewords or corresponding second Start or Stop pattern, or Row Address Pattern, were

b the symbol completely and populate thie'symbol matrix.

ch qualified scan, compare the codewords actually decoded with the codewords in the
Lnt the number of codewords that' match. Accumulate the total number of validly decod
date a count of the number of‘times each codeword of the symbol has been decoded
mber of times each row has been detected. Also record a count of the number of
gs in each scan (a crossing is “detected” when a scan line yields correctly-decoded c
Nt rows).

focessing each scan, calculate the maximum number of codewords that could have beer
the number ‘ofiqualified scans multiplied by the number of columns in the symbol (excl
s, such as.thé Start and Stop patterns of PDF417 or the Row Address Indicators of Micrg

tire symbol shall be scanned multiple times until three conditions are met:

o conditions:

he symbol. At
decoded from
| Start or Stop

mbol. Both the
Can.

uired, in order
b is decodable.
br search for a

ng pair of MicroPDF417 Row Indicator Patterns, weuld fulfil this requirement for scans where the

a scan where
h that contains
fied scan, if no
hlso decoded.

symbol matrix
ed codewords,
and a count of
detected row
pdewords from

decoded thus
Liding the fixed
PDF417).

1)
2)

3)

codewords in the symbol,

the highest and lowest decodable rows (which may not necessarily be the first and la
symbol have each been scanned at least three times, and

o . . c . —tt —_— . . —t . — "
themmaximumomberof codewordsthat coutdrave beemdecodedsatteast terrtimes the number of

st rows) of the

at least (0.9n) of the codewords (data or error correction) have been successfully decoded two or

more times, where n is the number of non-error-correction data codewords in the symbol.

EXAMPLE Taking a PDF417 symbol with 6 rows and 16 columns and error correction level 4, the total number of
codewords is 96, of which 64 are data and 32 error correction. To fulfil condition 1, the maximum number of codewords
that could have been decoded must be at least 960. To fulfil condition 3, since n is 64, at least 58 of the codewords must
have been decoded twice or more (0,9 x 64 = 57,6).
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If the ratio of the total number of validly decoded codewords to the total number of detected row crossings is
less than 10 : 1, then discard the measurements just obtained, and repeat the measurement process,

adjusting the tilt angle of the scan line to reduce the number of row crossings.

Otherwise, to compensate for any residual tilt, subtract the number of detected row crossings from the

calculated maximum number of codewords that could have been decoded.

Codeword Yield shall be graded as shown in Table 2:

Table 2 — Grading of Codeword Yield

>71% 4
> 64% 3
2 57% 2
> 50% 1
<50% 0

6.2.4 Grade pased on unused error correction

Decode the symbol completely and process scans untif>the number of decoded codewords stgbilises.
Calculate the ynused error correction (UEC) as UEC = 150.= ((e + 2t) / Ec,p), where e = the number of efasures,
t = the number of errors and E.,, = the error correction:capacity of the symbol (the number of error cofrection
codewords mingus the number of error correction codewords reserved for error detection). If no error cofrection
has been applled to the symbol, and if the symbol decodes, UEC = 1. If (e + 2t) is greater than E.,,, UEC = 0.
In symbols with more than one (e.g. interleaved)-error correction block, UEC shall be calculated for each block
independently and the lowest value shall be-used for grading purposes.

Unused Error Correction shall be gradedas shown in Table 3:

Table 3 —Grading of Unused Error Correction

Unused Error Correction| Grade
> 0,62 4
=>10,50 3
> 0,37 2
>0,25 1
<0,25 0

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=07f648166d76b20fd3190824d350fcb1

ISO/IEC 15415:2011(E)

6.2.5 Grade based on codeword print quality

The approach detailed in this subclause provides additional diagnostic information and enables allowance to
be made for the effect of error correction in masking less than perfect attributes of the symbol that influence
symbol quality, by applying an overlay technique as described in Annex F. It enables the Decodability, Defects
and Modulation parameters of scan reflectance profiles covering the entire data region of the symbol to be
graded in accordance with ISO/IEC 15416.

This approach uses the following procedure for the assessment of each of the three parameters. In symbols
with more than one (e.g. interleaved) error correction block, it shall be applied to each block independently
and the lowest value shall be used for grading purposes.

The enrftire symbol shall be scanned uniil 0.9n codewords (where n has the same meaning as|in 6.2.3) have
been decoded ten times or until it is certain that each codeword has been scanned at leastionce without inter-
row inferference. In each scan, the Decodability, Defects and Modulation parameters shall bp measured in
each symbol character in accordance with ISO/IEC 15416. The calculation of all three'paranpeters shall be
based pn the value of Symbol Contrast obtained from R, and R, in that scan line” The interim codeword
grade ¢f each parameter (Modulation, Defects and Decodability) for each codewerd is the highest codeword
grade for that parameter obtained on any scan for that codeword.

Where| the rows include overhead characters (other than the Start and‘Stop, or equivalenj patterns), for
example Row Indicators in PDF417 symbols, that are not included in_the error correction calculation, these
overhepd characters shall be assessed first for each row together with the corresponding characters from the
rows immediately above and below the row being considered. Thé highest interim codeword grade for any of
these six (or four, in the case of the top or bottom row) characters shall be the overhead |[grade used to
moderate the interim codeword grades for the codewords if"the row. If a data codeword's interim codeword
grade |s higher than the grade obtained by the overhead«characters, the data codeword's interim codeword
grade ghall be reduced to the overhead grade. The «interim parameter grades so obtained| shall then be
modifigd to allow for the influence of error correction, as described below.

For each parameter, the cumulative number aof 'symbol characters achieving each grade frgm 4 to O or a
higher |grade, and those not decoded, shalbbe counted, and the counts shall be compared|with the error
correction capacity of the symbol as follows

For earh grade level, assuming that.all symbol characters not achieving that grade or a higher grade are
erasures, derive a notional gradefer-Unused Error Correction as described in 6.2.4, based on the percentage
threshglds shown in Table 3. The! codeword parameter grade shall be the lower of the grade level and the
notiongl UEC grade.

NOTE 1 This notional/grade is not related to, and does not affect, the UEC grade for the symbpl as calculated
according 0 .6.2.4, but is a means of compensating for the extent to which error corrdction can mask
imperfeetions in a symbol. If one symbol has higher error correction capacity than another gymbol, then the
former\Symbol can tolerate a greater number of codewords with poor values for the parameter in question
than.the latter. See Annex F for a fuller description of the approach. The final codeword pargmeter grade for
the'symbol shall be the highest codeword interim grade for all grade levels.

Table 4—shews—an—example—of—grading—onre—parameter—n—a—symbel—eentaining—3+06—symol characters
(codewords) with an error correction capacity of 32 codewords. The 100 codewords consist of 68 data
codewords, 3 error correction codewords reserved for error detection, and 29 error correction codewords to be
used for correcting erasures or errors, giving an erasure correction capacity of 29. The symbol would be
graded 1 for the parameter concerned (the highest value in the right-hand column).

NOTE 2 A similar calculation is performed for each of the parameters Modulation, Defects and Decodability
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Table 4 — Example of codeword print quality parameter grading in symbols with cross-row scanning
ability, applying overlay procedure in Annex F

MOD/Defe Cumulative | Remaining Notional _ C9deV\_rord
No. of no. of codewords Notional interim
cts/Decod unused error .
1 codewords | codewords | (treated as - Notional UEC grade level
ability correction o
atlevela | atlevel aor | erasures) . UEC (%) grade (Lower of
grade level hiah 100 - b capacity
(a) igher ( - b) (29 - c) (d) aord)
(b) (c) (e)
4 40 40 60 (exceeded) <0 0 0
3 20 60 40 (exceeded) <0 0 D
2 10 70 30 (exceeded) <0 0 D
1 10 80 20 9 31% 1 1
0 7 87 13 16 55% 3 D
Not
decoded 13 100
Parameter grade "
(Highest value of e)
6.2.6 Overal|l symbol grade

accordance wi
quality in acco

The overall sy’[\

The flowchart i

10

n Figure 2 summarises the process.

bol grade shall be the lowest of the grade based on analysis of the scan reflectance pfofile in
h 6.2.2, and the grades based on Codeword Yield, Unused Error Correction and codeward print
ance with 6.2.3, 6.2.4 and 6.2.5.
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10 scans of
start/stop pattern

Multiple scans of entire symbol

v

v

Grade in acc. with
ISO/IEC 15416

Count codewords read,
row crossings until

v

Separate EC

Symbol character

A 4

blocks if more di
conditions in 6.2.3 met than one grading
v —I |
Codewords read /
. - NO v v v
row crossings > 10? oo Pous
- Calcuate UEC Hac Grade symbol
YES Indicators characters
A 4 ¢ | : I
8_""9'%”'3"9 Codeword Lowest value for v v v
: any block MOD Decod' Defects

I

v

v v v

Grade based on

Grade based on

Modify for Row Indicator grades

Grafle based on Codeword Yield UEC * v v |
scan refle_zctance >0,71=4 | > 0,50=1 > 0,62=4 | > 0.2521 Modify to allow for prror correction

profile > 0,64=3 | <0,50=0 >0,50=3 | <0,25=0 v ¥ v

> 0,57=2 =0,37=2 Lowest value for any block

; ! v S

Overall symbol grade = lowest of above

6.3 $ymbologies requiring row=by-row scanning

Figure 2 — Grading process formulti-row symbols with cross-row scanning ablility

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

Each rpw shall be evaluated in accordance with ISO/IEC 15416 as though it were a separatg symbol. Scan
lines shall pass-through the inspection band of the central 80% of the height of each row, fs specified in
ISO/IELC 15416,-in order to minimise the effects of cross-talk from adjacent rows. The numbgr of scans per
row shpuldcbe- the lower of ten, or the inspection band height divided by the aperture diameter. The overall
symbo| gfade shall be the lowest overall grade obtained for any row.

7 Measurement methodology for two-dimensional matrix symbols

7.1 Overview of methodology

The measurement methodology defined in this clause is designed to maximize the consistency of both
reflectivity and dimensional measurements of symbols on various substrates. The basis of this methodology is
the measurement of reflectance from the symbol. This methodology is also intended to correlate with
conditions encountered in two-dimensional matrix scanning systems.

The method starts by obtaining the raw image, which is a high-resolution grey-scale image of the symbol
captured under controlled illumination and viewing conditions. The stored raw image is then converted into a

© ISO/IEC 2011 — All rights reserved
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reference grey-scale image, by convolving the raw image with a synthetic circular aperture. From the
reference grey-scale image, the Symbol Contrast, Modulation and Fixed Pattern Damage parameters are
measured and graded. A secondary binarised image is produced from the reference grey-scale image by
applying a Global Threshold, and this binarised image is then analysed and graded for the parameters of
Decode, Axial Nonuniformity, Grid Nonuniformity, and Unused Error Correction, together with any additional
parameters defined in the symbology or application specification. The methodology recognises possible
extreme reflectance values in the neighbourhood of the symbol, which might interfere with reading; however,
only their presence is indicated in the report of the overall symbol grade.

In addition, print growth or loss is measured along each axis of the symbol and reported as an ungraded
process control measurement.

The scan gra

dFm_I_lﬂ_h_d't_m—lﬁ_m—ﬁ't_ls € Towest grade achieved for these seven parameters and any others speciied Tor
symbology or @pplication.

7.2 Obtaini

h given

jng the test images

7.2.1 Measufrement conditions
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that symbol, b
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call for a spec
may be used
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Whenever pos
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readings. See

ut with substantially higher resolution (see 7.3.3), uniform illumination, and at best foct
al arrangement is defined in 7.3.4 and should be used wheré-application requirements

provided that the measurements obtained with them ,can be correlated with the use
al arrangement.

shall be made with light of a single peak wavelength or set of spectral characteristics
br of measuring aperture, both of which shall’be defined by the application specifica
accordance with 7.3.2 and 7.3.3. Ambient light levels shall be controlled in order not {
n the measurement results.

Sible, measurements shall be made on-the symbol in its final configuration, i.e. the config

| to prevent extreme reflectance values outside the symbol area (e.g. when surrounded
bpecularly reflective surface) from distorting the symbol contrast measurements.

plications (e.g. the measurement of quality of symbols produced by engraving or etch
Ition, but the general test set-up defined in 7.3.4 should work suitably for many
or Direct Part Mark applications, a modified version of the methodology described
be more appropriate. The modified methodology is formally defined in ISO/IEC TR 291
d if such-isin accordance with the relevant application standard.

govem the design of the optical set-up. First, the test image’s grey-scale shall be ng

f the symbol shall be obtained in a configuration that mimics the.typical scanning situation for

s. The
do not

alised optical arrangement; alternative optical arrangements (two of which are defined in 7.3.4)

of the

and a
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o have
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htended to be scanned. The measurement method is described in 7.6 and 7.7, and Apnex B,

by free

ng the
pquired

open
in this
58 and

minally
sistent

be ‘eénhanced in any way. Second, the image resolution shall be adequate to produce cor

.39,

7.2.2 Raw image

The raw image is a plot of the actual reflectance values for each pixel of the light-sensitive array, from which
are derived the reference grey-scale image and the binarised image which are evaluated for the assessment
of symbol quality.

7.2.3 Reference grey-scale image

The reference grey-scale image is obtained from the raw image by processing the individual pixel reflectance
values through a synthetic circular aperture as defined in 7.3.3. It is used for the assessment of the
parameters Symbol Contrast, Modulation, Reflectance Margin and Fixed Pattern Damage.
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Binarised image

The binarised image is obtained from the reference grey-scale image by applying a Global Threshold midway
between R,,.x and R, determined as defined in 7.6. It is used for the assessment of the parameters Decode,
Axial Non-uniformity, Grid Non-uniformity, and Unused Error Correction.

7.3 Reference reflectivity measurements

7.3.1

General requirements

Equipment for assessing the quality of symbols in accordance with this clause shall comprise a means of

measu

which §

All me
accord

The m
reflectd

rina-and - analvsina the variations-in tha raflactivitvof a2 svymhaol on-its substrate over an i
J J J J J

hall cover the full height and width of the symbol including all quiet zones.

bsurements on a two-dimensional matrix symbol shall be made within the inspection
ance with 7.3.5.

easured reflectance values shall be expressed in percentage terms, éither with ref
nce of a barium sulphate or magnesium oxide reference sample complying with the r

nspection area

grea defined in

erence to the
bquirements of

ISO 7724-2, which shall be taken as 100 per cent, or by means of calibfation and reference| to recognised
nationgl standards laboratories.

7.3.2 |Light source

The pdak light wavelength or, in the case of applications designed for the use of broadband iljumination, the

referen
intendq
applica
closely
narrow|
respon
an app

ce spectral response characteristics, should be specified in the application specificat
d scanning environment. When the peak wavelength or spectral characteristics are not

tion specification, measurements should be made using light of characteristics that apq
to those expected to be used in the scanning process. Light sources may either h
band or near-monochromatic characteristics or have broad bandwidths; in the latter ca
5e of the measuring system may be restricted to the desired peak wavelength(s) by the

ropriate narrow band filter in the optical path.

jon to suit the
specified in the
roximate most
ave inherently
e the spectral
nterposition of

NOTE Special care is necessary when making measurements with broadband illumination. The|overall spectral
response of the measurement and reading systems must be defined and matched in order t¢ make accurate
and repeatable measurements of the grey-scale reflectance of a sample area that correlate With the intended
system. Overall spectralresponse includes the spectral distribution of the light source, the [response of the
detector and any associated filter characteristics.

Refer tp Annex D for guidance on the selection of the light source.

7.3.3 |Effective tesolution and measuring aperture

The masuring aperture is specified by the user application specification to suit the Xdimensio of the symbol

application is recommended In an appllcatlon where symbols of d|ffer|ng X dlmenS|ons will be encountered,
the application standard should ensure that all measurements are made with the aperture appropriate to the
smallest X dimension to be encountered. See Annex D.2 for guidance in writing application standards and
considering the tradeoffs associated with the choice of aperture size.

The effective resolution of an instrument that implements this international standard shall be sufficient to
ensure that the parameter grading results are consistent irrespective of the rotation of the symbol. The
effective resolution is the product of the resolution of the light-sensitive array and of the magnification of the
associated optical system and effected by distortions introduced by the optical system. The reference optical
arrangement requires high resolution, such as an effective resolution of not less than ten pixels per module in
width and height.

NOTE Implementations (e.g. commercial verifiers) may use fewer pixels per module, providing that the consistency
irrespective of rotation mentioned above is achieved on the test symbols specified in ISO/IEC 15426-2.
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geometry

A reference optical geometry is defined for reflectivity measurements and consists of:

— flood incident illumination, uniform across the inspection area, from a set of four light sources arranged at
90 degree intervals around a circle concentric with the inspection area and in a plane parallel to that of
the inspection area, at a height which will allow incident light to fall on the centre of the inspection area at

an angle o

through its

f 45° to its plane, and

centre, and which focuses an image of the test symbol on a light-sensitive array.

The light refleqted from the inspection area (see 7.3.5) plus the 20Z extension defined in 7.7 shall be,cq
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ution irrespective of the rotation as stated in 7.3.3, unless the manufacturer defines h
ich restricts the angle of the symbol in relation to the camera chip orientation.

geometry is intended to provide a basis to assist the consistency of measurement and n

those involving direct part marking which employs, physical changes to the surface
e creation of the graphic image, may require the.angle of illumination, in particular, to b

b application specification, then the angle of.incidence of the light shall be stated as 3
n reporting the overall symbol grade, as described in 5.4.

hethodology defined in ISO/IEC TR 29158 intended for direct part marking applications
bn options including diffuse illumination at a near-90° incident angle.
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1 - Lig

2 — Lens providing 1:1 magnification (measurement A = measurement B)

3—Ins
4 —Lig
3 - Ang

ht sensing element

bection area
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le of incidence of light relative to plane of symbol (default = 45°, optionally 30° or 90° diff

Figure 3 — Reference optical arrangement — side view

light source

use)

light source light source

light source

Figure 4 — Reference optical arrangement — plan view
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7.3.5 Inspection area

The area within which all measurements shall be made shall be a rectangular area framing the complete
symbol, including quiet zones. The centre of the inspection area shall be as close as practicable to the centre
of the field of view.

NOTE The inspection area is not the same as the field of view of the verifier, which should be sufficiently large to
include the whole symbol plus the 20Z extension described in 7.7.

7.4 Number of scans

The overall symbol grade is obtained through one measurement, with the symbol oriented in any rotation with
respect to the measuring device, in a plane perpendicular to the optical axis to the imager sensor. See|D.5 for
information repgarding the fact that this international standard previously required five scans.at different
rotations to be|made and averaged to obtain an overall grade.

Note: Thig may not be appropriate for symbols on certain substrates or marking methods thatdo“not exhibit|uniform
diffyse reflection and therefore exhibit variations in symbol reflectance characteristics when viewed in gifferent
orientations relative to the axis of the measuring device. Such symbols may be more appropriately mgeasured
by fpllowing the modified methodology in ISO/IEC TR 29158.

7.5 Basis gf scan grading

Two-dimensiopal symbol quality assessment shall be based on the measurement and grading of pargmeters
of the referenge grey-scale image, the binarised image derived from.t, and the application of the reference
decode algorithm to these, as defined in 7.8. Quality grading of these parameters shall be used to prpvide a
relative measyire of symbol quality under the measurement. conditions used. Each parameter shall be
measured and a grade on a descending scale of integers fromr'4 to O shall be allocated to it. The drade 4
represents the|highest quality, while the grade 0 representsfailure.

7.6 Grading procedure

A flowchart illugtrating the procedure is shown in-Annex B.
Centre the synpbol in the field of view

Capture the ra

image (see 7.2.2).

Find and replace the brightest :005% pixels in the overall image with the median of the nine pixels consisting
of itself and its|eight immediate neighbours.

Apply the aperfure defined in 7.3.3 to the raw image to create a reference grey-scale image (see 7.2.3)
A circular ared with_a diameter 20 times the aperture diameter, centred in the reference grey-scale [image,

should be usgd\tofind the initial values for Ry, and Rna.x. Using these values, determine an initial|Global
Threshold, create a

Once the symbol has been decoded, measure revised R, and R,.x and recalculate the Global Threshold
based on the whole inspection area of the reference grey-scale image (including the quiet zone). These
values are used to recalculate module centres. Create a new binarised image. Perform a definitive decode
and calculate all of the graded parameters of the symbol. Based on these, determine the scan grade for that
image.
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7.7 Additional reflectance check over extended area

If the scan grade for each of modulation, decode, and finder pattern damage is 1 or higher, then perform an
additional reflectance check as follows:

Measure R, and R, over an area extending to 20Z beyond the quiet zone on all sides. The field of
view must be large enough to contain all points in the extended area.

If either the extended-area R, is lower than the revised R, or the extended-area R, is higher
than the revised Ry, then repeat the measurement of modulation and finder pattern damage. If that
measurement results in a modulation or finder pattern damage grade of 0, then an asterisk is
appended to the overall symbol grade. This asterisk indicates that the substrate surrounding the
bleIlUUi bUlIidillb U)\i.IUIIIUb Ui— IUﬂUbiallbU i.ildi. Iriay ill;.cl {UIU Wli.il IUddillg.

NOTE This additional reflectance check does not alter the reported overall symbol grade nor.the redorted grades for
the symbol contrast, modulation or finder pattern damage parameters.

The additional reflectance check may be omitted, if specifically permitted by the: applicatiop specification,
where fthe conditions under which the symbol is produced and applied are sueh-that the risk|of excessively

high of low reflectance values in the extended area is insignificant, and the, verifier field of yiew may then
includg only the symbol and its associated quiet zones.

7.8 Image assessment parameters and grading

7.8.1 |Use of reference decode algorithm

The symbology reference decode algorithm found in\the symbology specification is to bg used in the
verificgtion process. In order to simplify processing the reference decode algorithm may be modified in the
verifier|by assuming that the symbol to be verified is, approximately centred in the field of view of the device.
No moifications to the reference decode algorithm that alter the functions listed below (singe the adaptive
grid mapping are essential to the grading pracess defined herein) are to be made. The ref¢rence decode
performs five tasks needed for subsequent mieasurement of the symbol quality parameters.

o |tlpcates and defines the area coveéred by the test symbol in the image.

e |t determines reference pointsifrom the fixed patterns of the symbol to be used in constriicting an ideal
grig for measuring GNU.

o It gdaptively creates.a grid mapping of the data module nominal centres so as to sample thgm.
e |t determines the-nominal grid centre spacings in each axis of the symbol (the symbol X dimension)

e |t gerforms:error correction, detecting if symbol damage has consumed any of the error budpet.

e It gttempts to decode the symbol.

These functions each facilitate one or more of the measurements described in the following subclauses.

The image parameters described in 7.8.2 to 7.8.9 shall be assessed for compliance with this standard.

7.8.2 Decode

The Decode parameter tests, on a Pass/Fail basis, whether the symbol has all its features sufficiently correct
to be readable by the reference decode algorithm.

The symbology reference decode algorithm shall be used to decode the symbol using the module centre
positions on the grid determined by processing the binarised image.
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If the image cannot be decoded using the symbology reference decode algorithm, then it shall receive the

failing grade 0.

Otherwise, it shall receive the grade 4.

7.8.3 Symbol Contrast

Symbol Contrast tests that the two reflective states in the symbol, namely light and dark, are sufficiently

distinct within t

he symbol.

Using the reference grey-scale image of the symbol, measure the highest and lowest reflectance values in the
inspection area. Symbol contrast is the difference between the highest and lowest reflectance values in the
inspection area. The reflectance values to be used are the revised R, and R, as defined in 7.6.

SC = Rma

Symbol contra

- Rmin

5t shall be graded as shown in Table 5.

Table 5 — Symbol Contrast grading

Symbol Contrast Grade
>70% 4
> 55% 3
> 40% 2
> 20% 1
<20% 0

7.8.4 Modulation and related measurements

7.8.4.1 Mog
Modulation is
such as print
characteristics
the reflectancq
module being i

The reflectanc
grey-scale im3

ulation

B measure of the uniformity of reflectance of the dark and light modules respectively.

growth (or loss), fisplacement of a module relative to the grid intersection, the
of the substrate-and uneven printing may reduce the absolute value of the difference b
of a module.and the Global Threshold. A low Modulation may increase the probabil
hcorrectly identified as dark or light.

e value of'each module in the symbol shall be measured by superimposing on the ref
ge the)grid determined by applying the symbology reference decode algorithm to the bi

image. Calculs

Factors
optical
btween
ty of a

erence
harised

te ' MOD, the Modulation value of each module as follows:

MOD =

Where

2*(abs (R- GT))/ SC

MOD = modulation

R is the reflectance of the module
GT is the Global Threshold

SC is the Symbol Contrast

Assign the grade level for each module according to Table 6. For each codeword, select the minimum
modulation grade of all modules in the codeword. As suggested by the absolute value in the function for MOD,
whether a codeword is decoded correctly has no bearing on the grade level that is assigned. In this way,
Modulation differs from Reflectance Margin, see 7.8.4.3.

18
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Table 6 — Module grading for Modulation and Reflectance Margin

The cU

correcfjon capacity of the symbol as follows:

MOD or MARGIN “g“'”'e
rade
> 0,50 4
> 0,40 3
> 0,30 2
> 0,20 1
<0,20 0

mulative number of codewords achieving each grade shall be counted and\compared

For each grade level, assuming that all codewords not achieving that grade or a hig
errors, derive a notional Unused Error Correction grade as descfibed 7.8.8. Take th
grade level and the notional UEC grade.

with the error

her grade are
e lower of the

NOTE | This notional grade is not related to, and does not affect, the UEC grade for the symbol as calcplated according

to 7.8.8, but is a means of compensating for the extent torwhich error correction can mask inpperfections in a
symbol. If one symbol has higher error correction capagitysthan another symbol, then the former symbol can
tolerate a greater number of codewords with low modufation than the latter. See Annex F for a fuller description
of the approach.
Then the Modulation grade for the symbolshall be the highest of the resulting valugs for all grade
levels. When the symbol consists of mare than one (e.g. interleaved) error correction block, each
block shall be assessed independently and the lowest grade for any block shall bg taken as the
Modulation grade of the symbol.

Table T(A) shows an example of grading"Modulation in a symbol containing 120 codewords, g0 of which are

error dorrection codewords with accapacity to correct up to 30 errors in a single error cdrrection block.

Modulgtion grade of the symbol if the example would be 2 (the highest value in the right-hand golumn).

Table 7(A) —Example of Modulation grading in a two-dimensional matrix sympol
Cumulative | Remaining Notional
MOD No: of no. of codewords .
unused error . Notiona Lower of
codeword | €odewords | codewords at | (treated as . Notional
correction o UECgrage | aord
gradg level<~at level a level a or errors) . UEC (%)
. capacity (d) (e)
(T) higher (120 - b) (30— c)
(b) (c)
4 25 25 95 (exceeded) <0 0 0
3 75 100 20 10 33,3% 1 1
2 15 115 5 25 83,3% 4 2
1 3 118 28 93.3% 4 1
0 2 120 30 100% 4 0
Modulation grade 2
(Highest value of e):
In this example, some codewords may contain errors but that does not affect the calculation.
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7.8.4.2

Contrast Uniformity

Contrast Uniformity is an optional parameter that can be a useful process control tool for measuring localized
contrast variations. Contrast Uniformity does not affect the overall grade.

Contrast Uniformity is defined as the minimum MOD value found in any module contained in the data region of
the symbol in clause 7.8.4.1.

7.8.43 Refl

ectance Margin

Reflectance Margin is a measure of how well each module is correctly dlstlngwshable as light or dark in

comparison to
to the grid inte
reduce or eve
A low Reflecta

The reflectanc
on the referen
to the binarise

Since the corr
are assigned 3

For mgdules whose correct state is light:

M,

M

and fof

M,
M

Where

Assign the grqg
for MARGIN o
0, Reflectance

The cumulativ

ARGIN =0 for R < GT

ARGIN =0 for Rz GT

the
section, the optical characterlstlcs of the substrate, uneven printing, or encodation erro
eliminate the margin for error between the reflectance of a module and the Global Thr
nce Margin may increase the probability of a module being incorrectly identified as)dark g

b value of each module in each codeword in the symbol shall be measured_ by superin
e grey-scale image the grid determined by applying the symbology reference decode al
| image.

pct state of each module is known after decoding, any modules-which are decoded inc
MARGIN value of 0.

ARGIN = 2 * (R— GT)/SC for R= GT

modules whose correct state is dark:

ARGIN =2 *(GT-R)/SC for R < GT:

MARGIN = the reflectance margin of the module
R is the reflectance of the module

GT is the Global*Threshold

SC is the Symbol Contrast

all modules in the codeword. Since codewords which are misdecoded are given grade
Margin“differs from Modulation, see 7.8.4.1.

b . hamber of codewords achieving each grade shall be counted and compared with th

relative
S, may

bshold.

r light.

posing

jorithm

prrectly

de level for.each module according to Table 6. For each codeword, select the minimum grade

evel of

e error

correction cap

H £dlo (| £kl
CIly UT'UIC SyTTTUUT do TUNTUWS.

For each grade level, assuming that all codewords not achieving that grade or a higher grade are
errors, derive a notional Unused Error Correction grade as described in 7.8.8. Take the lower of the

grade

NOTE

level and the notional UEC grade.

This notional grade is not related to, and does not affect, the UEC grade for the symbol as calculated according

to 7.8.8, but is a means of compensating for the extent to which error correction can mask imperfections in a
symbol. If one symbol has higher error correction capacity than another symbol, then the former symbol can
tolerate a greater number of codewords with low modulation than the latter. See Annex F for a fuller description
of the approach.

Then the Reflectance Margin grade for the symbol shall be the highest of the resulting values for all

grade

20

levels.
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Table 7(B) shows an example of grading Reflectance Margin in a symbol containing 120 codewords, 60 of
which are error correction codewords with a capacity to correct up to 30 errors in a single error correction
block. The Modulation grade of the symbol in the example would be 1 (the highest value in the right-hand
column).

Table 7(B)— Example of Reflectance Margin grading in a two-dimensional matrix symbol, applying
overlay procedure in Annex F

Cumulative | Remaining Notional
MARGIN No. of no. of codewords unused error Notional Lower of
codeword | codewords | codewords | (treated as correction Notional UEC aord
grad?mLeL_au.eleLL_aUe_mLa or errors) capacity UEC (%) grade )
(@) higher (120 - b) (30 - c) (d)
(b) (c)
4 15 15 105 (exceeded) <0 0 0
B 70 85 35 (exceeded) <0 0 0
? 15 100 20 10 33,3% 1 1
5 105 15 15 50% 3 1
0 15 120 0 30 100% 4 0
Reflectance Margin
grade (Highest value|of 1
e):

This example represents values from the same symbol used in Table 7(A). However, in this example ten
codewdrds from level 4, and five codewords fromevel 3 are detected to contain at least one mjodule which is
on the wrong side of the global threshold and are therefore errors. These codewords are therefore counted at
level Ofin this example. The resulting grade-t60 is changed significantly.

7.8.5 |Fixed Pattern Damage

This pgrameter tests that damage,to the finder pattern, quiet zone, timing, navigation and othef fixed patterns
in a symbol does not reduce unacceptably the ability of the reference decode algorithm to locgte and identify
the symbol within the field ef\view, by inverting the apparent state of one or more modules from|light to dark or
vice versa. The particulaf patterns to be considered, and the amounts of damage corresponding to the various
grade thresholds, require’to be specified independently for the symbology concerned.

Fixed FPattern Damage is evaluated in the reference grey-scale image in terms of the number of module errors
(i.e. mpdules ‘that appear as the inverse of the intended colour) in the feature (or part ¢f the feature)
concerped.(Where the symbol comprises a number of distinct features (e.g. finder pattern, fiming pattern)
each fgatufe may require to be evaluated separately and the worst value used for grading purpgses.

Fixed Pattern Damage shall be graded using the threshold values appropriate to each symbology, specified in
Annex A, or in the symbology specification, the latter taking precedence.

7.8.6 Axial Nonuniformity

Two-dimensional matrix symbols include data fields of modules nominally lying in a regular polygonal grid,
and any reference decode algorithm must adaptively map the centre positions of those modules to extract the
data. Axial Nonuniformity measures and grades the spacing of the mapping centres, i.e. the sampling points,
or intersections of the grid obtained by applying the reference decode algorithm to the binarised image, in the
direction of each of the grid’s major axes. Axial Nonuniformity tests for uneven scaling of the symbol which
would hinder readability at some non-normal viewing angles more than at others.
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The spacings between adjacent sampling points are independently sorted for each polygonal axis, then the
average spacings XA Y ... along each axis are computed. Axial Nonuniformity is a measure of how

much the sampling point spacing differs from one axis to another, namely:

VGs  AVG’

AN = abs(Xave - Yave) ! (Xave + Yave) ! 2)

where abs() yields the absolute value. If a symbology has more than two major axes, then Axial Nonuniformity
is computed for those two average spacings which differ the most.

Axial Nonuniformity shall be graded as shown in Table 8.

7.8.7 GridN

- . . : .
Fabte-8—Axiat-Nonuniformity-grading

Axial Nonuniformity Grade
<0,06 4
<0,08 3
<0,10 2
<0,12 1
>0,12 0

bnuniformity

Grid Nonunifofmity measures and grades the largest-vector deviation of the grid intersections, determined by
decode algorithm from the binarised“image of a given symbol, from their ideal thepretical

the reference
position.

Using the refe
area of the syr
nominal dimen|

expressed as a fraction of the X dimension of the symbol, shall be taken for grading purposes.

The theoreticH
defined by the

Grid Nonunifor

ence decode algorithm for, the 'symbology, plot the positions of all grid intersections in the data
nbol and compare these positions with the ideal grid in a theoretical perfect symbol of the same
sions. The greatest distance between the actual and the theoretical position of any intergection,

| grid shall be_censtructed by equal spacing from the minimum number of reference] points

reference decode algorithm from the fixed patterns in the symbol.

mity shall-be graded as shown in Table 9.

Table 9 — Grid Nonuniformity grading

22

Grid Nonuniformity Grade
<0,38 4
<0,50 3
<0,63 2
<0,75 1
>0,75 0
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7.8.8 Unused error correction

The Unused Error Correction parameter tests the extent to which regional or spot damage in the symbol has
eroded the reading safety margin that error correction provides.

Decode the binarised image using the reference decode algorithm.

The amount of Unused Error Correction is calculated as UEC = 1,0 - ((e + 2t) / E;,,), Where e = the number of
erasures, t = the number of errors and E.,, = the error correction capacity of the symbol (the number of error
correction codewords minus the number of error correction codewords reserved for error detection). If no error
correction has been applied to the symbol, and if the symbol decodes, the value of UEC is taken as 1. If
(e + 2f) is greater than E;,,, UEC = 0. In symbols with more than one (e.g. interleaved) error correction block,
UEC shall be calculated for each block independenily and the Towest value shall be used for grading purposes.

Unused Error Correction shall be graded as shown in Table 10.

Table 10 — Unused Error Correction grading

UEC Grade
> 0,62 4
>0,50 3
> 0,37 2
> 0,25 1
<025 0

7.8.9 |Additional grading parameters

Symbalogy or application specifications may define additional parameters which may be graged and taken
into acgount in the calculation of the overall symbol grade.

NOTE For example,an-application specification may require that the X dimension is within a certain range.

7.9 $can grading

The sdan grade for each scan shall be the lowest grade of any parameter in that scan ag measured in
accordpnce with 7.8.2 to 7.8.9.

In order to determine the causes of poor quality grades, it is necessary to examine the grades for each
parameter in the scan in question as described in Annex C.

Table 11 summarises the test parameters and grade levels.
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Table 11 — Test parameters and values

Modulation
Para Axial and Unused
Symbol Fixed Pattern Non- Grid Non- | Reflectance
meter Decode . . . . . Error
Contrast Damage uniformit | uniformity Margin .
Grade . . Correction
y (interim
values)
4 (A) Passes SC=>0,70 AN<0,06 | GN<0,38 UEC > 0,62
3(B) SC > 0,55 See symbology | AN<0,08 | GN<0,50 UEC>0,50
snecification or
2 (C) SC>0,40 )y AN<0,70 | GN<0,63 See 7.8.4 UEC>D,37
Annex A for
1(D) SC=>0,20 | grade thresholds | AN<0,12 | GN<0,75 UEC>D,25
0 (F) Fhils SC<0,20 AN>0,12 | GN>0,75 UEC <D,25
7.10 Overall[Symbol Grade

If incorrect dafa is obtained, then the overall symbol grade, irrespective of the other parameter grade

be 0. Otherwi

be, the overall symbol grade shall be the lowest of the individual parameter grades.

5, shall
Overall

symbol grades| shall be expressed on a numeric scale ranging in descending order of quality from 4,0 tq 0,0.
NOTE The| overall grade may be expressed as a real number tofone decimal place in keeping with Historical
precedent.

7.11 Print gfowth

Print Growth tests that the graphical features comprising the symbol have not grown or shrunk from 1

so much as tq

hinder readability with less favourable imaging conditions than the test condition. TH

growth param
important indi

evaluated indegpendently in more than one axis, to determine, for example, both horizontal and vertical
Print growth ghall not be a graded parameter but should be reported as an informative measure
purposes of prpcess control.

Starting with t
indicative of el
isolated eleme
each of these

Determine the
along the grid

ter, the extent to which dark or light markings appropriately fill their module boundarie

ominal
e print
5, iS an

tion of process quality which affects reading performance. Print growth may be measured and

e binarised imagg, jidentify the graphical structures particular to the symbology that ar
bment growth orshrinkage in each axis of the symbol, which will generally be fixed stru

structures, in-each axis, its nominal dimension Dyoy in modules.

actual dimension D in terms of X between the two edges of the structure by counting

jrowth.
for the

e most
res or

c
nts. Based en the symbology specification and its reference decode algorithm, deterr;TiJne for

pixels

inés derived by the use of the reference decode algorithm and passing through each s

Tuctu re

to be measure

din the svymbaol axis in auestion
4 -t

In each scan of the symbol, print growth shall then be calculated for each axis as the arithmetic mean of all
values of (D - Dyow). It shall be reported as the arithmetic mean of the values of print growth for each scan.
Where the result is negative, it represents print loss.

8 Measurement methodologies for composite symbologies

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

9 Substrate characteristics

Certain characteristics of the substrate, notably gloss, low opacity and the presence of an over-laminate in the
case of symbols printed on paper or similar media, and the surface texture and its response to the marking
methods used, in the case of symbols directly marked on to the surface of an item, may affect reflectance
measurements, and the recommendations in Annex E should be taken into account if any of these factors is
present.
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Sym

Annex A
(normative)

bology-specific parameters and values for symbol grading

A.1 Application

Because of diff
apply to each
each particula

particular symipology.

This annex d
(ISO/IEC 1602
damage gradi
symbology spsg

Where a sym
reference to th
indicated in thi

Some symbold
standard in ac

A.2 Data M
Data Matrix Fi

NOTE The

Sug

A.3 Maxicade Fixed Pattern Damage

A.3.1 Featurnes to be assessed

The Fixed Patferns.of-a Maxicode symbol are (a) a 3-ring circular bullseye near the centre of the sym

(b) six 3-modu

26

erences In symbology Sstructures and reference decode algoriihms, the speciic grading
symbology (especially with respect to fixed pattern damage) must be defined and speci
symbology, either in this International Standard or within the Symbology Specification

bfines values corresponding to grade thresholds for Fixed Pattern Damage for M3
3). The first edition publication of this international standard also defined the fixed
ng parameters for Data Matrix and QR Code but these definitions\.are now included
cifications.

bology specification specifies the basis for grading these«parameters, and makes ¢
s International Standard, the basis or values in the symboldgy specification shall overrid
5 Annex.

gies may require additional parameters. These shall be added to the quality assessmen
cordance with 7.8.9.
ptrix Fixed Pattern Damage

ed Pattern Damage (FPD) shall be assessed in accordance with ISO/IEC 16022.

original version of this International Standard contained details of fixed pattern grading for Data
h details are now found in ISOAEC 16022.

e orientation patterns surrounding it. These are shown in Figure A.1.

ules to
fied for
for that

xicode
pattern
in the

Xpress
b those

of this

Matrix.

pol and
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Figure A.1 — Fixed Patterns within a Maxicode symbol

A.3.2 |Grading of bullseye

The bullseye is not a natural extension of the hexagonal array/of data modules, and thus canndt be graded by
sampling module centres. Instead, two other quality measurés)are performed.

1. | Ring Continuity. Each of the three dark rings.in.the bullseye, and the two intervening light rings, shall
be sampled at every image pixel location along a circular path nominally centred withir] the region, as
shown by dotted lines in Figure A.2 below:” The central light circular region shall algo be sampled
along a small circular path whose radius, is one third the nominal radius of that region, ap also shown.

Figure A.2 — Sampling Paths within a Maxicode bullseye

These six groups of sampled points are each graded according to how many samples from along
each path are the wrong colour, as a percentage of the total number of samples along that circular
path, with the grade assigned as follows:
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2.

Table A.1 — Grading of Ring Continuity

Number of Grade
samples in
error
0 4
<3% 3
<6% 2
<9% 1
> 9% 0

Ring Growth. Scan profiles shall be measured from the grey-scale image along both horizontal and
verticgl scan paths (relative to the symbol’s orientation) through the bullseye’s exact centre as|shown
below,|and the edge positions established by the methods in ISO 15416.

28

Figure A.3 — Ring Growth Sampling Paths within a Maxicode bullseye

For each profile independently, the ring growth shall be calculated as:
RG = (Spar - Sspace) / (Sbar * Sspace)
where Sy, is the sum of the bar widths
Sepace is the sum of the space widths

excluding both of the outermost bars (the outer dark ring) and the central space (circle). These
horizontal & vertical Ring Growth measurements are then each graded as:
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Table A.2 — Grading of Ring Growth

RG Grade
-0,10 < RG < +0,10 4
-0,14 < RG < +0,14 3
-0,17 < RG < +0,17 2
-0,20 < RG < +0,20 1
RG <-0,20 or RG > +0,20 0

A.3.3 |Grading of Orientation Patterns

The six orientation patterns are taken collectively as a group of 18 modules(sampled as part of the data field.
Gradinf is performed based on a count of the number of erroneous (wrong«€elour) modules as follows:

Table A.3 — Grading of Orientation Patterns

Number of Grade
module errors
0 4
1 3
2 2
3 1
>4 0

A.3.4 |Overall Fixed Pattern Damage grade

The overall Fixéd)Pattern Damage grade is the lowest of the six Ring Continuity grades, the two Ring Growth
grades| and-the*single Orientation Pattern grade achieved.

A.4 QR Code Fixed Pattern Damage and additional parameters

QR Code Fixed Pattern Damage (FPD) and additional parameters shall be assessed in accordance with
ISO/IEC 18004.

NOTE The original version of this International Standard contained details of fixed pattern grading for QR Code. Such
details are now found in ISO/IEC 18004.

A.5 Aztec Code Fixed Pattern Damage and additional parameters

Aztec Code Fixed Pattern Damage (FPD) and additional parameters shall be assessed in accordance with
ISO/IEC 24778.
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Annex B
(informative)

Symbol grading flowchart for two-dimensional matrix symbols

This Annex shows the sequence of steps required in order to grade the quality of a two-dimensional matrix
symbol.

{ CAPTURE RAW IMAGE |

v

| APPLY SYNTHETIC APERTURE |

v

| CREATE REFERENCE GREY-SCALE IMAGE |

v

SELECT CIRCULAR AREA 20 TIMES APERTURE
DIAMETER IN CENTRE OF IMAGE

v

| DETERMINE PROVISIONAL Ruax, Run  AND GT |

v

| CREATE INITIAL BINARISED IMAGE |

v

USING REF. DECODE ALGORITHM LOCATE
SYMBOL BOUNDARIES

v

DETERMINE Rmax, Rmin AND GT WITHIN INSPECTIOT

AREA IN REF. GREY-SCALE IMAGE

v

| CREATE NEW BINARISED IMAGE OF SYMBOL AREA|

v

| DECODE USING REF. DECODE ALGORITHM? ggkéﬁ‘{/*g')

YES

DETERMINE;AND GRADE:
SYMBOL 'CONTRAST
MODULATION
FIXED'\RATTERN DAMAGE
AXIAL*"NON-UNIFORMITY
GRID NON-UNIFORMITY
UNUSED ERROR CORRECTION
MEASURE PRINT GROWTH,
CALCULATE Z IN EACH AXIS

v
«—| SCAN GRADE = LOWEST PARAMETER GRADE |

DECODE/MODULATION/FIXED PATTERN
DAMAGE GRADES EACH > 1

SCAN GRADE =0 I_

A 4
SELECT AREA OF REFERENCE GREY-SCALE
IMAGE EXTENDING 20Z OUTSIDE QUIET ZONE SET OVERALL
BOUNDARY SYMBOL GRADE
" FROM SCAN GRADE
L

Ruin IN EXTENDED AREA < Ry IN SYMBOL, OR _@

Rumax IN EXTENDED AREA > Rygy IN SYMBOL?

| YES |—>| ADD ASTERISK TO OVERALL SYMBOL GRADE |
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Interpreting the scan and symbol grades

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

The table below identifies a number of factors that may lead to low or failing grades for the parameters

indicatee—which-may-be-similarer-differfor-the-two-classes-of-two-dimensional-syrmbek
Table C.1 — Possible causes of low grades
Parampter Multi-row symbols Matrix symbols
e low background or light module reflectance, |  low background or light module reflectance,
due to: due to:
e incorrect substrate e.g. blue paper for e incorrect substrate e.g. blue paper for
red light red light
e glossy laminate/overwrap ¢ \\glossy laminate/overwrap
e inappropriate angle of illumination ¢ inappropriate angle of iljlumination
Symbd] Contrast (direct marked symbols) (direct marked symbols
e high dark module reflectance, due to e  high dark module reflectancg, due to
e low absorption of incident light by ink e low absorption of incident light by ink
(unsuitable formulation/colour) (unsuitable formulation/golour)
e insufficient ink coverage (e.g.non- o insufficient ink coverage (e.g. non-
overlapping ink-jet dots) overlapping ink-jet dots
e inappropriate angle of illimination e inappropriate angle of illumination (direct
(direct marked symbols) marked symbols)
e many factors - see othenparameters in e many factors - see other pajameters in
Decod¢ table table
e  software errors inprinting system e software errors in printing system
e physical damage’ (scuffing, tearing, e physical damage (scuffing, tearing,
obliteration) obliteration)
Unusedl Error e bit errofs due to defects e  bit errors due to defects
Correction e excessive print growth in one ortwo axes |e  excessive print growth in ong or two axes
e Jocal deformation e local deformation
* ~ ‘misplaced modules e misplaced modules
Minimym o ““Reflectance of all bars > 0,5Rmnax - see
Reflectance (Rmin) symbol contrast for possible causes
e excessive print growth/loss
Minimum Edgs . .too large measuring aperture
Contrakt . |rregular substrate reflectance
e |low ink coverage
e showthrough
e  print growth or loss
e  print growth/loss e too large measuring aperture
e too large measuring aperture e misplaced modules
Modulation e irregular substrate reflectance e defects (spots or voids)
e variation in ink coverage e irregular substrate reflectance
e showthrough e variation in ink coverage
e showthrough
e spots of ink or other dark marks on
background
Defects e voids in printed areas

faulty print head elements
too small measuring aperture
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Parameter Multi-row symbols Matrix symbols
e local distortion
e pixel errors in printing
Decodability e slippage during printing
e Dblocked inkjet nozzle
e faulty thermal element
e excessive tilt of scan line
Codeword Yield e Y axis print growth

e thermal "drag"

Fixed Pattern
Damage

e blocked printer nozzle
e faulty thermal element
e physical damage (tearing, scuffing,

obliteration)

Axial Nonuniformity

e mismatch of transport speed in_printi
symbol dimensions

e  printing software errors

e verifier axis not perpendicular to sym
plane

hg with

bol

Grid Nonuniformity

e transport errors in printing
(acceleration/deceleration, vibration,
slippage)

e variation'in printhead to substrate dis

e verifieraxis not perpendicular to sym
plane

tance
bol

Print Growth/Ldss

e print process-dependent factors
e absorbency of substrate

e (print process-dependent factors
e, Jabsorbency of substrate

(ungraded) e dot size (ink-jet, dot peening etc.) ¢ dot size (ink-jet, dot peening etc.)
e incorrect thermal print head temperature e incorrect thermal print head temperajure
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Annex D
(informative)

Guidance on selection of grading parameters in application

specifications

D.1 Selection of measurement wavelength

D.1.1

Clause
those v
not spe
reading
likely s

It shou
its spe

reflectd
sensitiy

D.1.2

Light s

na

br

although it may have a bias to a.colour; a very few specialised applications may call for |

un

Multi-rq
wavele
peak w

Two-di
commg
spectry

General considerations

S 6 and 7 of this standard require measurements to be made using light of thevsame ch
Vhich the intended scanning environment will use. If, as may happen, an application sps
cify the light source, a judgment must be made in order to determine the. most probable
, to enable valid measurements to be made and to be sure that the results will be prope
canning performance in the application.

d be noted that for maximum correlation, it is not only the light.seurce (including any filt
ctral distribution) that must be taken into account, but also.the“spectral sensitivity of the

nce at a given wavelength is a function of the product ©f* the intensity of the light e
ity of the sensor. However for the purposes of this AnneX, the sensor sensitivity is ignore

Light sources
burces for bar code scanning applications nermally fall into two areas:

rrow band illumination in either the visible or the infra-red spectrum or
badband illumination covering a large part of the visible spectrum, sometimes referred to
usual characteristics such as.ultra-violet for fluorescent symbols.

w bar code scanning almost always uses narrow band visible light, with light sourcq
ngth in the red partief'the spectrum, between 620 and 700 nm. Infra-red scanning use
avelengths between’720 nm and 940 nm.

Mmensional smatrix symbols are scanned under a variety of illumination conditions,
n beingwhite light and, in a number of hand-held reading devices, the same visible T
m as forlinear and multi-row bar code symbols.

The thst common light sources used for these purposes are:

bracteristics as
cification does
ight source for
ly indicative of

brs that modify
sensor, since
mitted and the
d.

as "white light"
ght sources of

s with a peak
S sources with

with the most
ed area of the

a) Narrow band
1) Helium-neon laser (633 nm) (multi-row bar code symbols only)
2) Light-emitting diode (near-monochromatic, at numerous visible and infra-red peak wavelengths)
3) Solid-state laser diode (most usually 660 nm and 670 nm) (multi-row bar code symbols only)
b) Broadband
1) Incandescent lamp (nominally white light with a colour temperature in the range 2800°K to 3200°K)
2) Fluorescent lighting (nominally white light with a colour temperature in the range of 3200°K to

5500°K)
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