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INTRODUCTION

Each character in a barcode is made up of bars and spaces of 
varying widths. When the code is scanned, the reader 
illuminates the symbol. The light spaces re�ect light back, 
while the dark spaces absorb the light. The reader senses the 
light and dark regions and detects the widths of each bar 
and space.

 
Through mathematical algorithms which are designed for 
each type of barcode (symbology) speci�cally, the patterns 
of bar/space widths are decoded into the actual characters 
encoded in the symbol.
 

The accuracy of the bar and spaces widths is essential to 
making the barcode easy to read. The accuracy of bar and 
space widths is measured by the parameter called 
DECODABILITY by a veri�er.
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HOW DO LINEAR BARCODES WORK?
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HOW DO 2D SYMBOL BARCODES WORK?
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A 2D matrix symbol encodes information, not in the widths of bars and spaces, but directly in the color of each dark or light cell. 
Each cell (or module) encodes one bit of information. Usually, these are grouped into 8-bit values which encode the data, similar to 
the way data is stored in computer �les.
 
However, one di�erence between 2D barcodes and computer data �les is that 2D symbols contain the ability to correct some of the 
data cells that may be corrupted by dirt or other damage. 2D symbologies di�er in their ability to cope with damage. One of the 
quality measurements reported by veri�ers for 2D symbols relates to the error correction capacity of the 2D symbol.
 
In order for a 2D symbol to be read, an image of the symbol is captured and analyzed to �nd the structure of the symbol which 
produces a grid of cells. The color of the cell located at each intersection of the gird determines the 1 or 0 value of the cell. A veri�er 
will analyze how dark or light the cell is and report this in the MODULATION parameter.

1  0   1   1  0  1  1  0  0

= 1 = 0



1D AND 2D COMPARISON
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Linear (1D) and 2D bar codes are very di�erent but share many things in common. Here is a brief comparison:
                                          1D                                                                                            2D

Element Edges           Found by global threshold                                              Edges of data modules not important
                                          Location critical for bar/space widths                          Edges of clock teeth important for grid
                                           Measured by DECODABILITY.                                          Measured by GRID NON-UNIFORMITY

Missing Elements      1D bar codes can not be decoded if                            Error detection can “�ll in” missing or 
                                           any bar or space elements are missing                       incorrect data modules. Also, the �nder
                                           or (more often) not detected by                                   patterns are robust enough to enable the
                                           global threshold.                                                                symbol to decode with some missing parts
                                                                                                                                              of the �nder pattern.
                                           
     Measured by EDGE  and DECODE.                                 Measured by UEC and FPD
                        Must be read by crossing every element.                   Must be read from a 2 dimensional image, but
                                                                                                                                                      can be at any angle.

                  Measures the di�erence in re�ectance                       Measures the di�erence in re�ectance between each                    
                                           between neighboring bars and spaces.                      module, at its center, compared with the global threshold.
                                           at the brightest or darkest point within a 
                                           space or bar.

t

How does error correction work?
Error correction de�nes a function based on your data, and encodes additional data that extends the function. For example, imagine you have two data code-
words. You could de�ne a straight line function that passes through these values on the Y axis at 0, 1 on the X axis. You coudl then compute more Y values for 
values 2 and 3 for the X axis, and encode these as error correction code words. Then, after decoding, if a single code word is unreadable, you can algebraically solve 
for teh missing value by �nding it on the graph. In fact, you could solve for two such missing values. If one value is decoded, but with the wrong value, you can 
detect that there is at least one point that does not fall on a straight line. Then systematically try to ignore the value of one at a time and solve for it. You can �ll in 
missing values up to the number of error correction codewords, but you can only correct for an error up to 1/2 as many. The extra information as to which code-
word is unknown makes the di�erence.

What is error correction?
Error correction is an encoding method which adds extra data that is mathematically computed to enable mssing or incorrect data to be re-calculated later if 
necessary. 

Rotation

Modulation
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Verification – What Is It and Why Is It Essential?
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WHAT IS BARCODE VERIFICATION?

We've already mentioned some of the quality parameters measured by a veri�er on 
1D and 2D symbols. There are actually many more parameters that are measured. 
All of the parameters that go into grading a symbol (whether 1D or 2D) are de�ned 
by industry standards, developed by international organizations (such as ANSI/ISO) 
and industry groups (such as GS1 or HIBCC). Following such standards creates 
interoperability between barcode printing and scanning systems so that the indus-
try as a whole can depend on symbols being printed and scanned successfully 
regardless of where they are produced and scanned, or who is doing the printing 
and scanning.
 
Barcode veri�ers analyze a barcode and assign a quality grade to them, typically 
expressed as a letter grade, A through F, or a numerical equivalent on a scale of 4 
down to 0. Typically, a bar code with a grade of C or better is considered to be a 
passing code and 100% scannable. So, veri�cation is used to con�rm that you are 
producing bar codes that will be accepted anywhere and by anyone. 

Barcode veri�cation also o�ers diagnostic features to identify problems with bar 
codes that do not pass and give you information needed to improve the barcode so 
that it will pass.

A 2D matrix symbol encodes information, not in the widths of bars and spaces, but directly in the color of each dark or light cell. 
Each cell (or module) encodes one bit of information. Usually, these are grouped into 8-bit values which encode the data, similar to 
the way data is stored in computer �les.
 
However, one di�erence between 2D barcodes and computer data �les is that 2D symbols contain the ability to correct some of the 
data cells that may be corrupted by dirt or other damage. 2D symbologies di�er in their ability to cope with damage. One of the 
quality measurements reported by veri�ers for 2D symbols relates to the error correction capacity of the 2D symbol.
 
In order for a 2D symbol to be read, an image of the symbol is captured and analyzed to �nd the structure of the symbol which 
produces a grid of cells. The color of the cell located at each intersection of the gird determines the 1 or 0 value of the cell. A veri�er 
will analyze how dark or light the cell is and report this in the MODULATION parameter.



WHY VERIFY?
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1) Quality Control

A barcode not scanning correctly can 
have serious e�ects ranging from 
manufacturing errors to production 
downtime. Veri�cation gives you 
feedback about your barcode production 
process that you can use to improve the 
process. Successful veri�cation ensures 
that a label or direct part marker is 
working properly and will be readable 
throughout the supply chain.

2) Customer Satisfaction

Veri�cation guarantees a �rst-time scan 
rate. Barcodes that scan correctly will 
prevent �nes from major retailers or 

regulatory compliance issues. When 
barcodes do not scan correctly, the data 
has to be manually entered, opening up 
room for human error.

3) Contract and Industry Compliance

Many government agencies (such as the 
United States FDA and DOD) and large 
retailers require barcodes that conform to 
industry standards.  The only way to 
certify compliance to these standards is 
to demonstrate barcode quality through 
veri�cation. Some industries require 
veri�cation to a speci�c standard 
(typically an ISO standard).



WILL VERIFYING SAVE MY COMPANY MONEY?
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Barcode veri�cation can save your company serious money by preventing 
charge backs and reducing waste material. In fact, a good barcode veri�er 
should help you complete the "make ready" process faster and get into 
production with good quality print.
 
Major retailers are known for issuing costly charge backs and rejecting mate-
rial that does not meet their standards for barcode readability. Barcodes have 
become an essential factor in supply chain management, and poor scan-
ability is not tolerated. Barcode veri�cation will ensure that merchandise will 
not be sent back because of unreadable barcode symbols. Obviously 
rejected material is a serious expense that will cut into your pro�tability and 
customer satisfaction.
  
Furthermore, a good barcode veri�er will help you check the data content of 
your barcodes. Barcodes are sometimes printed well, but rejected because 
they are not formatted correctly or contain the wrong data.



WHAT ARE THE VARIABLES THAT A VERIFIER WILL TEST?
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The parameters that are measured 
depend upon the symbology.  Veri�ers 
for 1D linear barcodes should test nine 
quality parameters according to 
ISO/ANSI speci�cation. These are:

1) Edge Determination
2) Minimum Re�ectance
3) Symbol Contrast
4) Minimum Edge Contrast
5) Modulation
6) Defects
7) Decode
8 ) Decodability
9) Quiet Zone*

For multi-row stacked barcodes, the 
process is similar and the parameters are 
the same, except that these parameters 
will be measured on certain subsets of the 
symbol.  If the stacked symbol contains 
error correction (for example PDF 417 but 
not GS1 DataBar), then Unused Error 
Correction will be included.

For 2D matrix symbols, several 
parameters are di�erent. These are:

1) Unused Error Correction
2) Fixed (Finder) Pattern Damage
3) Grid Non-Uniformity
4) Axial Non-Uniformity

The parameters for symbol contrast and 
modulation are similar to those for 1D 
linear codes, except that the 
computation of the modulation grade 
di�ers by taking into account the 
availability of error correction in the 2D 
symbol.

*Quiet zone is sometimes absorbed into decode.



WHY CAN’T I JUST USE A SCANNER TO VERIFY MY BARCODES?
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8 Why won’t my barcode scan?

A scanner is designed solely to read a barcode. Just because your 
scanner can read the barcode does not ensure that it will be read by 
other scanners. It only means that one area of the barcode is readable 
by that particular device.

Scanners are designed to read barcodes from a variety of distances and 
angles, so they cannot report characteristics of the barcode, especially 
the ones graded by industry standards. Veri�ers are precise instruments 
that determine the quality of the barcode by measuring  the 
characteristics of a barcode to industry standards such as ANSI X3.182, 
ISO/IEC 15415 and ISO/IEC 15416 and are accurate to ISO/IEC 15426-1 
and 15426-2 standards.
 
Veri�ers will analyze and report the formal parameters based on 
international standards. They reveal where the barcode is de�cient so 
corrective action may take place, when necessary.

If you are responsible for delivering readable, in-spec barcodes, the only 
way to ensure barcodes function properly is with true barcode 
veri�cation.



WHAT IS THE DIFFERENCE BETWEEN VERIFICATION AND VALIDATION?
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Veri�cation and validation are two dis-
tinct processes. 

Veri�cation refers to the print quality and 
therefore, readability of the barcode by a 
scanner. Validation checks that the data 
is formatted correctly in accordance with 
application requirements. For example, 
in the GS1 system, application identi�es 
and special control characters are used 
to identify separate pieces of information 
which may be combined into the same 
barcode. In this way, an item identi�ca-
tion number can be separated from a 
serial number or expiration date. 

Validation will con�rm that the format is 
correct so that a computer system which 
receives the barcode data can correctly 
interpret the meaning of that data.
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Problem Solving
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WHY WON’T MY BARCODE SCAN, AND WHAT SHOULD I LOOK FOR? 

a�ect bar widths accuracy.

Of course, there are numerous other methods of printing 
which are used for barcodes, including direct thermal printing, 
letterpress, ink jet, etc. The same quality parameters apply to 
all types of bar code printing and useful diagnostic informa-
tion can be applied to any printing process.  

There are many factors that might prevent a barcode from scan-
ning. The potential sources of problems are numerous and 
depend upon the printing process used:

Thermal Transfer Labels-
Typical sources of barcode problems in thermal transfer printers 
are burned out print heads, wrinkled ribbons, too high or too 
low heat setting, and pixel round-o�.

Flexo Printing-
Typical sources of barcode problems in �exo printing involve 
too much or too little impression, swelled plates, dirty plates, or 
poorly produced plates. The best bar codes are typically made 
on line print decks and not process plates, but process plates 
can be used successfully, especially with a high line density.
 
Gravure Printing -
Typical sources of barcode problems in gravure printing is low 
density engraving which produces scalloped bar edges which 



WHAT SHOULD I DO IF MY SYMBOLS ARE RECEIVING FAILING GRADES?
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When a barcode veri�er reports that the symbol failed, the user can view a full detailed diagnostics report through the veri�er’s 
software, like the examples shown. Each of the 10 individual scans, results will be displayed and graded on each parameter.

From here you can analyze on which parameters the barcode failed. Based on the particular parameter that caused the failure, you 
can adjust your production process to improve that characteristic of the barcode.

For a 2D symbol, badly printed modules are highlighted in red. Invalid Quiet Zone is highlighted in red. 



WHY WOULD A BARCODE FAIL A VERIFIER TEST BUT STILL SCAN?

12

www.webscaninc.com     877-WEBSCAN

Barcode scanners are extremely aggressive at 
reading poorly printed barcodes. However, a 
poorly printed barcode may scan on one type 
of scanner but not on others. Also, even 
though a symbol can be read, the read range 
may be signi�cantly reduced, slowing down 
operations and/or a�ecting automated 
conveyor lines.
 
However, there are cases where a failed 
barcode may still scan. A barcode scanner 
may be cutting-edge thus still scan a barcode 
despite quality issues, but the quality issue 
remains further down the supply chain. With 
di�erent scanners, lighting, and human 
operators, the barcode that failed the veri�er 
test may not scan in the future.

Barcode veri�ers measure the code quality 
against a set of standards. If a barcode passes 
a veri�er test, the barcode will be able to be 
read on any scanner.



WHY WOULD A CODE PASS ANSI VERIFICATION BUT FAIL TRADITIONAL VERIFICATION?
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Prior to the advent of ANSI/ISO barcode grades, barcode speci�cation 
would allow some variation in the width of bars and spaces, such as ± 20% 
of the nominal width. These tolerances were useful for printers, and 
essential for pre-press.
 
However, while the dimensions of bars and spaces is critical to reading a 
barcode, it is also essential that the optical properties of the barcode 
enable a scanner to �nd each bar and space so the widths can be 
measured. Therefore, factors such as Symbol Contrast, Modulation, and 
Defects were not adequately addressed by the traditional parameters. 

Moreover, while the traditional tolerances 
have a clear point of failure at the edge of 
the tolerance, scanners do not have a 
precise cuto�. That is why ANSI/ISO grades 
range from A to F. The reason a code can 
fail by traditional tolerances is that a bar or 
space width may be outside the allowable 
tolerance, and that may still result in a 
passing, although not perfect, grade in the 
ANSI/ISO system.



A BARCODE PASSES MY VERIFIER – BUT FAILS FOR CUSTOMERS – WHY?
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A typical reason for this is that the veri�er 
might be out of calibration. It’s also possible 
that the veri�er is set up di�erently than your 
customer’s veri�er. Settings such as method 
and aperture are certi�ed to consistent veri�-
cation performance; furthermore, same veri�-
ers are not as repeatable and accurate as 
others.

Moreover a lower cost veri�er may not be 
checking all of the parameters targeted in the 
standard. If your customer is using an ANSI/ISO 
standard veri�er, while you are not, then you 
may be missing some sources of failing grades.

It may be time to get a newer veri�er that is 
up-to-date with all the latest industry and 
International standards, to ensure the highest 
accuracy and repeatability possible.
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MORE INFO ABOUT ANSI/ISO INDUSTRY LINEAR BARCODING STANDARDS?

A typical reason for this is that the veri�er 
might be out of calibration. It’s also possible 
that the veri�er is set up di�erently than your 
customer’s veri�er. Settings such as method 
and aperture are certi�ed to consistent veri�-
cation performance; furthermore, same veri�-
ers are not as repeatable and accurate as 
others.

Moreover a lower cost veri�er may not be 
checking all of the parameters targeted in the 
standard. If your customer is using an ANSI/ISO 
standard veri�er, while you are not, then you 
may be missing some sources of failing grades.

It may be time to get a newer veri�er that is 
up-to-date with all the latest industry and 
International standards, to ensure the highest 
accuracy and repeatability possible.
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1. Edge Determination - is the image of the bar code as it is perceived by a moving aperture, such as a laser beam or a bar code wand. The scan re�ectance pro�le 
is a measurement of spots and voids (called “defects”) as well as contrast and other parameters.

2. Minimum Re�ectance – checks that the darkness of the bars is su�cient. To meet linear barcode quality requirements, the amount of light re�ected by the bars 
(bar re�ectance) must be less than half the light re�ected by the spaces (space re�ectance).

3. Symbol Contrast - measures the contrast between the brightest space and the darkest bar. The result is assigned a letter grade of A,B,C,D or F, with A being the 
highest contrast.

4. Minimum Edge Contrast - An important 1D barcode standard is minimum edge contrast, ensuring the contrast between adjacent bars and spaces is high 
enough.

5. Modulation - checks the worst case dip in contrast any place in the bar code. If all bars and spaces are the same brightness, modulation would be equivalent to 
symbol contrast, or 100 percent. If some spaces are less bright than the brightest one, modulation will be some fraction of the overall contrast. The percentage is 
assigned a letter grade. Excessive ink spread can result in low modulation because very narrow spaces appear to be �lled in by the encroaching bars in the scan 
re�ectance pro�le. This very serious issue for scanner was not directly addressed by Traditional veri�cation techniques.

6. Defects - the worst case change in darkness within a single bar or space. The linear barcode standard for the largest di�erence in re�ectivity found in a single 
bar or space is measured as a percentage of the Symbol Contrast and assigned a letter grade.

7. Decode - the widths of each bar and space is measured and used to interpret the number content of the bar code according to a speci�c mathematical formula 
appropriate for the bar code type. This formula must be speci�ed, such as by the UCC Quality Speci�cation for the UPC Printed Symbol, to apply to ANSI method 
to new types of bar codes. If the bar code cannot be decoded according to the formula, the accuracy of the bar and space widths are inadequate.

8. Decodability - the 1D barcode quality formula used for Decode is further analyzed to see how accurate the bar and space widths are. A perfectly accurate bar 
code will have 100 percent decodability, but decodability as low as 25 percent is often acceptable. This measure helps track degradation in printing plates and 
gives early warning while there is still plenty of room for more degradation.

9. Quiet Zone - this checks for adequate space on the left and right of the bar code. Often a design oversight violates the requirements for adequate space, but 
generally this is not something that would �uctuate during a print run.

1D Linear Barcode Standards - ANSI/ISO Quality Parameters



MORE INFORMATION ON ANSI/ISO INDUSTRY 2D BARCODE STANDARDS
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2D Barcode Standards - ANSI/ISO Quality Parameters
1. UEC:  Unused Error Correction- This is the percentage of error correction capability that is available for further incorrect modules.  The assignment of grade is as 
follows: UEC % Grade
>62 = A                >50 (but less than 62) = B                  >37 (but less than 50) = C                   >25 (but less than 37) = D                     <25 =  F

 2. SC:  Symbol Contrast- This is the di�erence in re�ectivity between the brightest module and the darkest module.  The assignment of grade is as follows:  SC %  
Grade
>70 = A                >55 (but less than 70) = B                   >40 (but less than 55) = C                  >20 (but less than 40) = D                      <20 = F

3. MOD:  Modulation- This is a grade based on the amount of variability in re�ectivity of the modules.  A multi-step process is used to get the modulation grade. 
First the re�ectivity of each module is compared to the global threshold and the overall Symbol Contrast according to the following formula:   MOD = 2 * (abs(R-
GT))/SC

The Global Threshold GT is the midpoint between the re�ectance of the brightest module and the re�ectance of the darkest module. Next, the grade level for each 
module is determined from the MOD value according to the following table: MOD % Grade
>50 = A                >40 (but less than 60) = B                  >30 (but less than 50) = C                    >20 (but less than 50) = D                     <20 = F
 
Finally, the value of the grade for the MOD parameter will be the highest modulation level for which the modules meeting that level will result in an Unused Error 
Correction grade of that level or higher.  Note that a module which is decoded in error can still yield a high MOD value, and therefore is more related to printing 
contrast than RM.  See RM next.

 4. RM: Re�ectance Margin- Same as Modulation, except that when a module is decoded in error (a bar whose re�ectivity is higher than GT, or a space whose re�ec-
tivity is less that GT), MOD is set to 0, and therefore considered an F.  RM will always be equal or lower than MOD and is more related to readability than is MOD.

 5. ANU:  Axial Non-uniformity- This is the amount of “out of square” a symbol is, or in other words a measure of the overall aspect ratio of the symbol.

6. GNU:  Grid Non-uniformity- This is the worst case distance between the calculated center of a module and the ideal location for the center of the module based 
on perfectly evenly spaced modules.  The calculated center of the module is determined using the clock tracks.  The value is reported as a percentage of a module 
size.

 7. FPD Finder Pattern Damage- This is the grade for all the �nder pattern which is the lowest of all the following 
grades.  
 


