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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
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Historical backgreund leading to ISO/IEC 15416:2016

[EC 15416 was fitst published in 2000 and has been used in many industries throughoy
d on a method-first developed and published by ANSI in 1990 as X3.182-1990, the nj
ar code grading has become a foundation of barcode quality in many industries inclu
h management, retail point of sale, warehousing, shipping and logistics, pharmaceutic
many.others.
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ers of ISO/

IEC JTC1/SC31/WG1 which is responsible for ISO/IEC 15416. Chief among these was the tendency for

grades to fluctuate under repeated trials. Accordingly, the revision of ISO/IEC 15416 in 2016 introduced
several changes to the grading methodology with the intention of reducing grade variability

Another criticism of ISO/IEC 15416 grading is that scanning/reading technology has improved
significantly since its introduction, resulting in a reduction in the correlation between quality grade
and real-world scanning performance. Accordingly, the revision of ISO/IEC 15416 in 2016 tends to
assign higher grades than before, as is described in this report.

These problems have been largely resolved by the publication of ISO/IEC 15416:2016. This document:

— explains the changes introduced in ISO/IEC 15416:2016;

— explains why these changes were introduced and how they reduce the problems outlined above;
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— explains the impact of these changes in existing application standards;

— helps new and existing application standards to consider how to respond to these impacts.

5 Summary of changes introduced in ISO/IEC 15416:2016

5.1 Review of measurements and grades

In the grading method of ISO/IEC 15416, quality parameters are measured and then graded. A measured
value for a parameter is obtained on a nominally continuous scale, typically from 0 to 100. In general,
grade levelf are assigned to ranges of measured values. Prior to the 2016 revision, ISO/IEC~1$416
defined only five grade levels, namely 0, 1, 2, 3 or 4, with 4 being the highest or best grade and 0'heing
the lowest And worst grade. (Historically, these grades correspond to the letter grades used’in ANSI
X3.182, namely A, B, C, D and F). For example, for the parameter called Symbol Contrast, dny measpired
value in the¢ range of 40 through 55 was assigned a grade level of 2 (correspondingcto’a “C” in ANSI
X3.182).

NOTE The grades 0, 1, 2, 3 and 4 are commonly associated with the ANSI X3.182 gpades of F, D, C, B and A and
this relationfhip is noted here for reference only.

5.2 Change to number of grade levels

The assignment of a range of measured values to a single grade, and the fact that there are only| five
grade level$ covering five ranges has two significant consequences. The first is that there is a sharp
transition dqt the boundary of measured value ranges. For example, when symbol contrast is measpired
as to be 39|it is graded as 1 but when it is measured as 40 0r more it is graded as 2. While thefe is
no practical difference in quality between 39 and 40 far’symbol quality, there is quite a signifijcant
difference in the grades of 1 and 2. Thus the meaning of the grade 1 and 2 is not clear because|it is
not possiblé to know (from the grade alone) whetherthe measured parameter was near the bounfary
between these grade levels.

The other donsequence, as can be anticipated from the previous discussion, is that small variations in
the measurgd values, which are inevitableue to tolerances in any measurement system, can resylt in
large fluctyations in grade (namely a change in grade of 1 full grade level). This effect is exacerbated
when the bpunded range for a gradesis:small, as it is for defect (range of only 5) and modulation (rjnge
of only 10)} The most significant impact from narrow ranges is that measurements are often pear
boundaries|between grade levels, and thus even normal tolerances are more likely to produce chapges
in grade levels.

NOTE The allowed tolerance for defect and symbol contrast is 8 which is significant compared to the sjze of
the bounded|ranges, which'in the case of defect is actually smaller than the allowed tolerance which is 8.

To reduce grade variability, the process of assigning grades to the measured parameters was changed
in ISO/IEC[15416:2016, by increasing the number of grade levels from 5 to 41, corresponding to
grade level$ répresented by decimal number 4,0 down to 0 in steps of 0,1. This can be referred to as
“continuous grading” but in fact is stepwise, albeit with smaller steps than before.

5.3 Change to measurement of defect

Another significant change to ISO/IEC 15416 was to introduce a modification to the measurement of
DEFECT, again to reduce a potential source of grade fluctuation. This modification creates a gradual
change in the defect measurement value for a gradual change in the size of the size of a “peak” or “valley”
in the scan reflectance profile to prevent large grade changes that could occur in the old grading system
when a “peak” or “valley” is very small compared to not present at all.

NOTE The grade for DEFECT also utilizes the continuous grading concept described above, but also has
another change that is specific to calculating the DEFECT measurement value.

2 © ISO/IEC 2022 - All rights reserved
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6 Continuous grading

ISO/IEC 15416:2016 introduced “continuous grading” which assigns grades on a gradual basis rather
than using only five levels. Figure 1 shows the five grade levels for symbol contrast (SC) defined in
ISO/IEC 15416:2000.

5
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Figure 1 — “Staircase” showing values for. SC, assigned to integer grade levels

The continuous grading scale is from 0 to 4 (in kéeping with the original grade levels) but asgigns values
witH a step size of 0,1 as shown in Figure 2.
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Figure 2 — Continuous grades for symbol contrast, assigned to 41 smaller grade levels

With continuous grading, much smaller ranges of measured values, are assigned to many more grade
levels, providing almost continuous grading. The grading is not completely continuous because of the
rule that the grade shall be rounded to the nearest tenth, but this is practically inconsequential. The
transition from grades 1 to 0 occurs over a small range with a grade of 0 being reached before the
measured value reaches zero.
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7 Changes to defect measurement

A change to the measurement of defect was also introduced in ISO/IEC 15416:2016. This change is
quite independent of the continuous grading change discussed in this document. For completeness, this
document also describes the change to the defect measurement.

NOTE

change, the grade level assignment for defect is also modified to use continuous grading.

Even though the change to defect described in this clause is independent of the continuous grading

A defect is defined as element non-uniformity and is measured by the degree of reflectance variation
within an element (bar or space) as a fraction of the symbol contrast. Because elements begin at the

boundary
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element nop-uniformity is selected only at points represented by a “peak” or a “valley” as illustrat4
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5 in the SRP, especially near the threshold, can be alternately perceived as a “peak
hot seen as one of those. Therefore, ISO/IEC 15416:2016 introduces a formula which ass
to the size of the “peak” or “valley’ and uses this weight to modify the non-unifor

highly discounted in their impact on the defect measurement. However, peaks that a
of symbol contrast will be fully weighted. Notably, defects that are relatively normal
hose found on calibrated conformance test cards will be fully weighted and thersg
by this change. Small fluctuations near element boundaries, which are sometimes prod
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by “halos” in flexographic printing, may be reduced by this change. Most notably, the fluctuation|that
can arise when a small fluctuation in the SRP occurs near an element boundary, and sometimes results
in a peak dr valley, butsometimes does not, will have reduced impact on any defect measurement
produced by this small,fluctuation.

8 Impagt of continuous grading on final grades and application standards

8.1 General

The final grade assigned to a barcode according to ISO/IEC 15416 is an average of the grades for several
(typically 10) individual scan samples of the barcode. Preferably, atleast 10 scans are taken at nominally
equally spaced cross-sections of the barcode. Each scan is graded and then these grades are averaged
to arrive at a final grade. This average is normally expressed to the nearest tenth (as would naturally
result with no loss of precision when averaging 10 integers).

Many application standards are written with the intent of accepting a minimum quality corresponding
to the historical grade “C” from ANSI X3.182. An average grade (from the several scans taken on a
barcode) of 1,5 through 2,4 is considered a “C” grade. Therefore, it has become common for application
standards to set an acceptable quality level of 1,5. One important consequence of the continuous grading
thatis introduced in ISO/IEC 15416:2016 is effectively to change the minimum quality level accepted by
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application standards that set their minimum grade to 1,5. Subclause 8.2 illustrates and explains why

this

8.2

8.2.

is the case, in each of several example circumstances, and in general.
Grading situations

1 Grades consistently at high end of a grade range

Consider a case in which all 10 scans of a barcode have a measured value of symbol contrast that is just
lower than 55 % so that is in at the upper end of the 2 (“C”) range, but nearly a grade 3 (“B”).
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nae fq m 0 hrouah a 6:-2000 h 0
1 contrast would be 2,0 for all 10 scans. In ISO/IEC 15416:2016, these would be gradéd
fans and the overall grade would be 2,9, nearly the same as a 3,0. If this numerical grade i
e nearest letter grade, it would be a 3 (“B”) because it is higher than 2,5. Even withou
hde of 2,9 is significantly higher than the 2,0 it would have received in ISOAEC 1541¢
prtant to note that the grade that is given to the barcode in this exampleyis,significant
O/IEC 15416:2016 compared with ISO/IEC 15416:2000. (Consider that)the measurer]
ly 55, results in a grade that is nearly 3.0, which it seemingly “deseryes®).

D

Grades consistently at low end of a grade range

ider a case in which all 10 scans of a barcode have a measured value of Symbol Contras
tly higher than 40 so that it is barely within the 2 range but'almost low enough to be a

e previous revision of ISO/IEC 15416, the grade giten for symbol contrast would be 2
s. In the new revision, these would be graded as2)or perhaps 2.1 for all 10 scans and
e would be similar. It is important to note that the grade given to the barcode in this
lar between the old and new revisions. It is.iimportant to also note that 2,1 is much

which is the minimum in many application standards. The new revision intended to

odes would be given grades in the new revision that are not lower than given by {
Sion.

B Grades consistently at midpoint of a grade range

ider a case in which all 10(scans are approximately in the middle of the range that w|
hde of 2 in ISO/IEC 15416:2000, namely 47,5 for symbol contrast. In ISO/IEC 15416:20
s would be graded as 2 and the average grade would be 2. In ISO/IEC 15416:2016,

[ld be graded 2,5 and the average grade would be 2,5.

hy be noted at this point that measured values that are in the middle of a bounded ran
hde that isinithe middle of grade levels such as 2,5, rather than the integer value corre
bottom/ofthat grade level.
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Consider a case in which the measured parameter value for symbol contrast is approximately 40,
which happens to be the boundary between grades 1 and 2. Due to measurement tolerance, some of the
scans will be measured below 40, and some will be measured at or above 40. In ISO/IEC 15416:2000,
the average grade will depend upon the number of scans in which a grade of 1 and 2 were obtained.
Practically any average grade between 1,0 and 2,0 can be produced, although an average close to 1,5
would be expected and most likely. This would happen when half of the scans are graded 1 and half are
graded 2. There is no way to distinguish this case from one in which half of the scans are graded 1 at the
low end of the range for 1 and half are graded 2 at the high end of the range for 2.

In ISO/IEC 15416:2016, a grade of 2,0 (or perhaps 1,9 or 2,1) is most likely and this is the benefit of
continuous grading.

In the revised system introduced by ISO/IEC 15416:2016, a measured value that is approximately at
the boundary between grade levels produces a grade that is approximately equal to the corresponding
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grade level boundary (such as 2,0) and not a grade that is midway between grade levels (such as 1,5)
which would be produced previously.

8.3 Impact of continuous grading on existing application standards

8.3.1 Similar Results at different minimum grade level

As illustrated above, the case that can be expected to produce the grade at the boundary of acceptability
for application standards in ISO/IEC 15416:2000 results in a volatile grade fluctuating near 1,5 but
susceptible to large deviations, but the new system gives a more stable value of 2,0 with much smaller

expected d
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Subclause §

eviations Therefore;, it ray beappropriate for appticationr stamdards wiich seekqu
to change the minimum acceptable grade level from 1,5 to 2. On the other hand,kee
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.3.2 discusses the issue of minimum acceptance grade in consideration of this effect.
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of ISO/IEC 15416 have noted that while the standard has been in place for many y
formance has improved over that time. Since one of the goals of ISQ/IEC 15416 is to pr¢
formance and readability of barcodes in actual use, it has becomie Iess effective at predic
ading system has not “kept up” with advances in reading technology. In other words

Therefore, it may actually be appropriate to leave the acceptable grade level at 1,5
new system allows some lower quality barcodes to be-‘accepted because they would g
ow and not in the old system.

eneficial impacts of leaving acceptable grade'level with no change

Stability

d grading system, a final grade that is near the midpoint between whole numbers is
average of scans that have distinctly different grades (such as 1 and 2). In practice,
s when the measured value of\a parameter differs by a small amount on successive s
to be grouped near a boundary between grade levels. This is common because the g
selves are small, relative to the tolerance on these measurements. For example, the ran
values that are assigned a grade of 2 is only 10 points (50 to 60) and for defect itis only ]
small variations in-the measurement can, and often does, produce a whole number ch
 for a scan (fromlto 2 for example). The new grading system removes this instability
pduces what qnay have been the original intent of setting the grade at midpoint bety
,i.e. to allowtsome scans to fall below the absolute minimum of a grade level, and still r¢
able overall grade.

his fupther, consider a case in which 9 of 10 scans score a grade of 2, but one scores a gra
b parameter falling just below the boundary for the 2-grade level. The overall average g
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in this case will be 1,9-1If the application standard required a minimum grade of 2,0, it would disallow
this case from being an acceptable one, which is probably not the intent. Thus, acceptable grades were
typically set by application standards at midpoints between grade levels, even though these values do
not correspond to the grade that could be assigned to any scan, or indeed even to any parameter.

With the new grading system, the grades should be more stable because small variations in the
measured value can only resultin correspondingly small changes in the resulting grade that is assigned.

The new grading system can thereby produce an intended outcome - that of allowing symbols that have
grades resulting from some scans in which a parameters value falls on both sides of a grade boundary.
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8.3.2.1.2 Compatibility

One goal of the revision of ISO/IEC 15416:2000 was to ensure that the new grades would not be lower
for any symbols, thereby allowing users to continue using old verifiers with the assurance that any
passing grades given by these older systems are still reliable indicators of passing in the new system
too. If application standards change the minimum acceptable grade value for the new grading system,
then older verifiers would no longer be compatible. So it would be necessary to have two acceptable
grade levels - one for use with the new system and one for use with the old system. In practice this may
be difficult to codify, implement and enforce.

On the other hand, if the same minimum grade (typically of 1,5) is retained, then existing users who
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esstully meet that standard may optionally adopt the new standard Dy upgrading thg
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8.3.2.3.1

Increase minimum acceptable grade

In an application standard where minimum parameter values equal to the lowest value in the “C” range
is considered important, its minimum acceptance criteria is set to 2,0 instead of 1,5 when using the
new system. In this way, a minimum grade of 2,0 would require that the parameter values are actually
higher, on average, than the minimum for the grade level, such as 40 % for symbol contrast.

8.3.2.3.2 Maintain minimum grade level unchanged

In an application standard where the minimum grade is maintained as a midpoint value, such as 1,5,
some bar codes with lower quality will be accepted than before. This can be considered a problem,
but it may alternately be considered a valid response to improved scanning/reading technology by an
application standard.
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