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Two-dimensional (2-D) codes are growing in popularity 
due to the amount of data they can encode for tracking and 
tracing purposes. However, successful 2-D code reading is 
reliant upon the finder and clocking patterns being intact. 
If these essential elements are damaged or obscured, the 
barcode reader is unable to identify the symbol from the 
other markings on the product or packaging. Cognex has 
overcome this limitation with PowerGrid™ technology. This 
patent-pending 2-D code-reading algorithm combines both 
textural and geometric data to enable the highest DataMatrix 
barcode read rates for industrial applications, including 
automotive, electronics, pharmaceutical supply chain and 
logistics applications.

Reading DataMatrix codes on engine heads, printed 
circuit boards (PCBs), and 50-count pharmaceutical blister 
packs might seem like the other side of the world from a 
lioness hunting on the African savanna. However, there are 
similarities worth noting if you don’t want to end up as dinner.  

Like the zebra that can be fooled by a hidden lioness, vision-
enabled barcode readers can fail to read a DataMatrix code 
when the code is damaged, has quiet-zone violations, is 
missing vital elements, or has insufficient contrast. A “no 
read” can affect the efficiency and throughput of automated 
manufacturing and logistics operations. Additionally, a 
“misread” can result in good products being removed from 
the manufacturing process, returns, and other liabilities that 
impact profits and client relationships. 

Before we discuss how shape- and texture-based algorithms 
complement one another to improve read rates, we first must 
describe the components, advantages and challenges of 
2-D codes.

POWERGRID: COMBINING TEXTURE AND SHAPE 
FOR BEST-IN-CLASS 2-D CODE READING
By Jay Negro, Director of Vision Algorithms, ID Products, Cognex Corporation

The lioness crouches. A warm wind stirs the saw-tooth 
grass in mile-long waves across the savanna. The zebra 
feels the wind, but sees nothing out of the ordinary as 
the grass hides 250 pounds of tense muscle. One step. 
Another. The lioness lunges…
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SHIFT FROM 1-D TO 2-D SYMBOLS

A barcode is a machine-readable representation — typically 
printed on a product or package, or permanently marked on 
the surface of a product or object — that can be universally 
read and used for identification purposes or for tracking and 
tracing products throughout their lifecycle.

Today, barcodes come in dozens of different formats 
(Figure 1), from a group of parallel lines called a one-
dimensional (1-D) barcode (e.g., GS1, EAN, Code 128) to 
dots and squares that form a matrix, or two-dimensional 
(2-D) code (e.g., DataMatrix, Aztec, Quick Response). The 
more advanced 2-D codes allow users to store and retrieve 
significantly more data than do 1-D codes. This is because 
1-D codes only contain data in the horizontal direction, 
whereas 2-D codes contain information both vertically 
and horizontally. 

Today, DataMatrix codes are the de facto standard for 
manufacturing due to their increased storage capacity, built-
in error correction, and other considerations. When it comes 
to capacity, as seen in Figure 2, 24 x 24 DataMatrix codes 
can contain 52 alphanumeric characters. Larger 48 x 48 
DataMatrix codes can contain 259 alphanumeric characters 
— and the largest DataMatrix codes can carry up to 2,335 
alphanumeric characters!

Code 128 EAN-13

DataMatrix QR

Figure 1: Different types of 1-D and 2-D codes

Figure 2: The larger the DataMatrix code, the more 
information it contains

24 x 24 48 x 48

1-D barcodes were designed to be read by laser scanners, 
where a light beam is directed to a rotating prism that 
scans the beam across the barcode (Figure 3). A sensor 
captures the reflectance, distinguishing between black 
and white bars. While this method is traditionally fast and 
cheap, the mechanical parts can break over time and the 
barcode must be correctly orientated to the laser scanner to 
achieve desired read rates which require additional fixturing.

Figure 3: Laser-based barcode scanner
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Figure 4: Vision-enabled barcode reader 

Unlike 1-D barcodes, which only have error detection, 
all 2-D codes have enhanced data integrity that further 
reduces the number of failed reads. The complementary 
strengths of capacity and robustness are why 2-D codes 
are preferred for manufacturing applications. 

Vision-enabled barcode readers are required to read 2-D 
codes. A digital camera acquires a picture of the code, a 
microprocessor running special image-processing software 
locates and decodes the code before distributing the 
resulting data across a network. Vision-enabled readers 
have no moving parts making them more robust for 
industrial applications.
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While 1-D codes have quiet zones and guard patterns to 
identify where the code starts and stops, DataMatrix codes 
have four different parts: a quiet zone or margin; a finder, 
“L,” or locator pattern; a clocking pattern; and a data region. 
(Visit cognex.com/symbologies for more information.) The 
quiet zone surrounds the entire code and identifies where 
the code begins and ends, ensuring the reader doesn’t 
pick up any information that is not related to the code. The 
finder pattern of a DataMatrix code is the L-shaped pattern 
located around the outside edge of two sides of the code. 
This is used to ensure proper orientation during decoding. 
Opposite the finder pattern is the clocking pattern, a series 
of alternating black and white modules that defines the size 
of a single cell and the size of the code (the number of rows 
and columns). Taken together, the quiet zone, finder pattern, 
and clocking pattern form a square around a data region that 
vision-enabled readers with shape-based algorithms can 
then locate.

Structure of a 2-D Symbol
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Figure 5: Structure of a 2-D DataMatrix code

Methods of Applying Codes
When choosing how to apply the machine-readable code 
it is important to consider the available space, texture 
and permanency. Applying the code to the object is usually 
accomplished in one of two ways: by placing the code on a 
package or label (typically using inkjet or thermal printing 
methods), or by permanently marking the code directly on 
a part via direct part marking (DPM) methods (such as dot 
peen, chemical etching, or laser marking).

For printing the code on a package, label or other material, 
standard thermal or inkjet printers are both highly cost-
effective methods. However, labels require mechanical 
(or manual) application, adding cost and an opportunity 
to misapply or damage the code. Both thermal and inkjet 
print heads have components that wear over time or 
become clogged, resulting in degraded codes

Figure 6: Examples of printed codes

A 2-D code can easily be identified when it is the only 
object in the scene. However, codes are harder to isolate 
when they are next to other graphics or icons of similar 
size and shape. That’s where texture-based analysis helps 
vision-enabled barcode readers quickly identify and read 
codes, regardless of distracting clutter in the scene. 

Another strength of 2-D codes is error correction. Many 
2-D codes use Reed-Solomon error correction — the same 
technology that allows a DVD player to read data even 
when the disc surface has been scratched. Unlike 1-D 
codes that can only detect missing or incorrect data, 2-D 
codes can correct the missing or incorrect data if enough of 
the modules inside the code are detected. 

http://www.cognex.com/symbologies/
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For many applications, such as medical devices, printed 
circuit boards and automotive components, where 
traceability and liability protection at the component level 
are critical, DPM methods (such as laser and dot peen 
marking) offer a longer-lasting alterative compared to 
printing methods. These applications often need to encode 
more information, such as country of origin, manufacturer, 
device classification, and attributes. Therefore, these 
industries rely on 2-D codes for more comprehensive data 
and code integrity.

Cognex Readers Help Automotive Customers 
Read Curved 2-D Codes
From the time that automotive parts are manufactured 
at a foundry to the final assembly of those parts, 2-D 
codes are used to identify the components used. 
Inability to read those codes (some of which are very 
difficult) causes delays, scrap, and product returns. 
In other words, it is an expensive error for the car 
manufacturers and their suppliers. 

The location of the mark is not always consistent 
relative to the reader, meaning a simple deviation could 
cause part of the code to be occluded as the assembly 
is built up. Part handling degrades the mark over time. 
Parts are also marked on less-than-perfect surfaces: 
specular, shiny, uneven, and rounded, among others. 
This can cause conventional readers to struggle and 
fail to read 2-D marks. PowerGrid gives the user the 
ability to read these difficult codes. 

For example, a supplier of piston assemblies uses 
a laser to make a 2-D mark on the side of the part. 
The surface is rounded and not smooth, and the 
mark can move slightly. When the part is brought 
into the engine assembly plant, it must be identified 
(2-D code read) prior to being used. Any failure to 
read will cause issues. PowerGrid gives the user the 
confidence that codes that are severely damaged 
from handling or poor marking techniques will still 
be read, thus reducing lines stopping, scrapping 
material, and expensive downtime.

Laser marking systems engrave DataMatrix codes or 
other 2-D code symbologies on the part. Depending on the 
surface hardness and laser strength, the mark can be made 
by: charring the surface to change its color; annealing, which 
changes the surface reflectivity; or ablating, which vaporizes 
the surface layer and makes a 3-D mark that can be read 
by dark-field and bright-field illumination techniques. Lasers 
offer excellent speed and mark quality, but such proficiency 
comes at a higher capital cost and requires additional tuning 
and safety measures to protect workers.

Figure 7: Examples of DPM codes

Figure 8: Examples of laser-marked codes



6 White Paper

Dot peen marking systems, which are generally considered 
the most cost-effective DPM method, use an oscillating 
stylus to create impressions in the material surface (usually 
metal). However, hard materials will greatly shorten the 
life of the dot peen heads, adding to operational costs and 
potentially degrading the permanent mark. In addition to 
being challenging to create, dot peen codes can only be 
read by specialized vision-enabled readers.

As mentioned, each code marking method has its own 
strengths and weaknesses. Inkjet printers are cost-effective, 
but can suffer from empty print cartridges or clogged print 
heads. For metal parts, laser-marking systems offer high-
throughput permanent marks but are costly to install. Dot 
peen marking heads are less expensive but they wear 
down, which can compromise the mark. Interestingly, some 
vision-enabled code reading systems can actually monitor 
the quality of printers and DPMs, alerting machine operators 
to clogged print heads or worn marking heads — a feature 
beyond the ability of laser scanners.

Figure 9: Examples of dot peen codes

Next-Gen Readers Help Eliminate Counterfeits, 
Comply with Regulations
Pharmaceutical manufacturers and their contract 
packaging partners need to track output from raw 
materials to finished product. One of the main 
reasons this is necessary is to protect against 
fraudulent product getting into the supply chain, 
which can lead to mortal consequences. 

New government regulations around the globe also 
require these companies to begin tracking product 
down to the final packaged unit. Because of this, it 
is important to be able to identify the product as it 
makes its way from production, to packaging (including 
individual packaging, group packaging, and palletizing), 
to the end user. This is accomplished by reading 2-D 
codes on the product at each stage.  

There are various issues that can come up while trying 
to read the code. Is the code printed too close to 
the edge of the packaging (finder, clocking pattern 
missing, or quiet zone violations)? Is the code partially 
occluded by packaging material on a pallet, or is the 
code behind a clear packing material that obscures 
parts of the code? All of these cases are difficult, but 
made much more readable when using PowerGrid, 
which gives users the ability to read 100% of codes. 
This allows for accurate tracking in the supply chain of 
a very sensitive product.
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POWERGRID: NEXT-GENERATION DECODING

With their small size, high data capacity, data redundancy 
and error correction, 2-D codes are the best choice when 
it comes to modern track-and-trace applications in retail, 
manufacturing and logistics. But no method is perfect. 
Printers can drop a line of the 2-D code due to a clogged 
print head. A capacitor can block the camera’s view of the 
finder or clocking pattern on a laser-engraved 2-D code on 
a printed circuit board. Marketing graphics can crowd the 
quiet zone on a pharmaceutical package. If these issues 
affect the data region of the code, the error correction can 
compensate. The problem occurs when these issues affect 
the finder or clocking patterns in the code, which can cause 
the code simply to be not found.

Until recently, state-of-the-art 2-D decoding algorithms only 
used shape-based, geometric pattern searches to locate 
and read 2-D codes. A vision-enabled code reader uses 
a shape-based algorithm to locate the finder and clocking 
patterns to determine the proper code orientation and 
module size. Using the pixel intensity values, the shape-
based algorithm separates the black foreground modules 
from the white background, and then “reads” the encoded 
data. As long as the quiet zone, finder pattern, and clocking 
pattern are located, the 2-D code reader will be able to read 
the code — even if the code is of low contrast, is missing a 
line in the data region, or part of the data region is blocked.

However, shape-based algorithms are often unable to locate 
the 2-D code when the margin, finder pattern, or clocking 
pattern is blocked or defective. In some circumstances, most 
commonly on retail products, codes are placed next to black-
and-white graphics that are similar in size and shape to the 
DataMatrix code. While the code is not blocked or defective, 
these lookalikes can significantly slow down the reader’s 
ability to separate and read the DataMatrix.

Figure 10: Shape- vs. texture-based recognition in nature
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Cognex software engineers spent 8 man-years 
developing a better method of reading 2-D codes to solve 
this challenge. PowerGrid technology combines both 
shape-based pattern searches (locating the code by its 
outer features) and texture-based analysis (locating the 
code by the checkerboard-like pattern of the data region). 

Returning to the African savanna, we can use our prey-
hunting analogy to further illustrate how PowerGrid 
technology quickly finds and reads DataMatrix codes, 
regardless of distracting environments or damaged or 
missing elements. Today, the lioness is looking for a zebra, 
its favorite meal. It sees a dazzle of zebras walking nearby 
and knows one in particular will be easy pickings. 

Peeking up from the thicker grass, it spots a pair of animals. 
They both have tails, similarly shaped heads and stripes. 
Unfortunately, one of the animals is an antelope which is 
capable of sprinting up to 55 mph and has horns that can 
leave a 14 inch puncture in the lioness’ side.  

Using only shape-based visual clues, the lioness can’t 
easily separate the zebra from the antelope. However, by 
analyzing the differing textures of the stripes, the lioness 
quickly separates the zebra from the antelope. Tonight its 
hungry cubs will feast. 

Figure 11: The lioness uses shape- and texture-based clues for her next meal

Shape Texture



9White Paper

PowerGrid technology uses these same shape- and 
texture-based clues to find a 2-D code that is missing 
part of its shape, such as the finder pattern. PowerGrid 
looks at the scene and locates texture that looks like 
data modules clustered together. Once it has found 
the modules, it then works to determine the size of the 
modules and the overall size of the DataMatrix code. 
Then, the traditional 2-D code reading algorithms can 
take over to read and decode the data.

Advanced 2-D code reading algorithms using PowerGrid 
can correctly read 2-D codes when vital elements are 
missing or damaged. With this technology, customers can 
expect increased read rates and decoding robustness far 
above current performance expectations.

Jay Negro has dedicated his career to making the easiest-
to-use and most capable industrial barcode readers to 
help drive factory automation. He earned his bachelor’s 
degree in Engineering Physics at Cornell University and his 
master’s degree in Electrical Engineering at the University 
of California, Los Angeles. Since joining Cognex in 1999, 
he has served in a variety of roles in Vision Solutions, 
Research & Development and Product Engineering. In 
2004, he was a founding member of the ID Products 
Business Unit and, today, he leads the ID Products 
Algorithm Team whose mission is to configure and analyze 
the images captured by Cognex DataMan industrial vision-
enabled readers. Jay led the development of significant 
advancements in industrial barcode scanning technology. 
These innovations include 1DMax® with Hotbars®, the 
fast and robust linear barcode reading algorithm, and 
2DMax® with PowerGrid®, the industrial standard for DPM 
DataMatrix code robustness. He holds 10 U.S. patents.

About the Author

TextureShape

Figure 12: PowerGrid uses shape- and texture-based clues for 
locating and reading codes
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COGNEX BARCODE READERS:
ANY CODE, EVERY TIME

Fixed-mount Barcode Readers

Mobile Terminals 2-D DataMatrix Verifiers

Handheld Barcode Readers
DataMan industrial fixed-mount barcode readers combine unmatched 
code reading performance and ease of use in an extremely small form 
factor. These fixed-mount readers offer best-in-class performance with 
patented Cognex 1-D barcode and 2-D matrix code reading software 
algorithms. The flexible optics, lighting options, easy setup and quick 
deployment make them ideal for the most demanding applications.

The MX-1000 series vision-enabled mobile terminals allow you 
to leverage the latest mobile device technology for your industrial 
barcode reading applications. The flexible design accepts a variety  
of both current and future generation mobile devices and augments  
their capability in a fully ruggedized housing tough enough to stand  
up to the most challenging environments.

DataMan barcode verifiers ensure DataMatrix code quality and contract 
compliance. Easy-to-use and reliable, DataMan verifiers enable quality 
control solutions for applications that require the highest read rates for 
2-D DataMatrix codes—critical to product traceability.

DataMan industrial handheld barcode readers provide unmatched 
performance for direct part marks (DPM) and label-based applications, 
where integration, ruggedness and the ability to read challenging marks 
quickly are essential to your success. These handheld readers have 
field interchangeable communication modules and each reader can be 
configured to meet specific communication needs.


