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Introduction

Barcodes have become a universal tool used by organizations since the early 1970s and it is
now a multi-billion dollar business. However, mounting pressure from a variety of areas is
driving organizations to further increase efficiency, which has lead to the rise of RFID.
Financial markets demanding that companies use capital more efficiently and with the advent
of new technologies such as the Internet, consumers now have the ability to compare prices
around the globe, sparking a price war among retailers. Businesses need to be mindful of this
trend, as it will inevitably lead to tighter profit margins.
RFID offers a completely new range of applications that vendors (e.g. Zebra Technologies)
claim will lead to improved inventory control, asset tracking and supply chain management.
While there have been many successful rollouts of RFID technology, many businesses are still
wondering if transitioning to RFID is worth the investment.
Compounding this reluctance is the fact that many of these businesses have invested heavily
in legacy barcode systems. There is a preference to use a cautious approach, waiting to see
what global business leaders do. This is particularly evident in smaller companies, who are
delaying announcements regarding the new technology.
However, now that several significant market leaders such as Wal-Mart and the U.S.
Department of Defense have announced deadlines for their suppliers to comply with RFID
specifications, there is an increased urgency in the business community to explore the
potential advantages and disadvantages of RFID compared to traditional barcode technology.
This eBook will demonstrate the advantages and real world value of RFID in comparison to
existing barcode infrastructure. RFID deployment can be costly and time consuming, this
eBook will provide a comparative analysis of the two technologies for businesses to decide
what course of action is best suited for them.
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Overview of the Advantages of RFID Over Barcodes
• Rewrite capability. RFID tag content may be changed several times (rewritable tags).
• The data encoded to the bar code cannot be changed, once it is written while printing a
barcode.
• No need for line of sight. RFID readers do not require the direct line of sight to read the
data from a tag. Therefore, tags can be read through packaging materials, which makes
possible to hide them inside. Reading the data from a tag is possible by letting it pass an
interrogator reading area, possibly on a high speed conveyer belt of trade sorter. Since the
principle of work of barcode scanners is the visual registration, they always require a direct
line of sight for reading and proper mutual orientation of visual tag and reader is important
for successful operation.
• Increased the distance reading. RFID tags may be read at much greater distances than
barcodes. Depending on the type and frequency of equipment, it allows reading tags in a
radius of up to 15-25 meters, with the right conditions even up to 100 meters.
• Increased amount of data storage. RFID tags can store much more information than
barcodes.
• Reading multiple tags. Industrial readers can simultaneously read thousands of RFID tags
per second utilizing anti-collision protocols. A barcode reader can usually read only one bar
code at a time.
• RFID labels can be read from different locations. In order to ensure the proper automatic
reading of barcodes, standards committees (e.g. EAN) have developed a standard of 23
barcodes placement on the product and transport packaging. These requirements do not
apply to radio frequency tags. The only requirement is that the location of tag is within the
range of a reader.
• Working environment. There are RFID tags with high durability and resistance to harsh
conditions of working environment, while barcodes may be easily damaged. In applications
where the same object can be reused an unlimited number of times (for example, the
identification of containers and returnable packaging), RFID is a more appropriate technology
of identification, and it is not required to be placed on the outside of the package. Passive
RFID tags ideally have an unlimited service life.
• Smart behavior. The data stored in RFID tag may contain small applications and be
protected to prevent unauthorized access or manipulations. For example ISO 14443 defines a
standard for such contactless smart cards. RFID tags may support different levels of security
and encryption and may be used for many tasks, not only as data storage function. For
example, electronic payments, access control and others. Barcode is not programmable, and
is used only by means of storing data.
• High security. Unique identifier number that becomes an attribute of the tag on production
stage ensures high security and protection from counterfeiting. In addition, the tag’s data
may be encrypted. Radio frequency tag is capable of using passwords to write and read data,
and encrypt it during transmission. Also, an RFID tag may keep open and secured data at the
same time providing several levels of security.
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Overview of the Advantages of Barcodes Over RFID
• The complexity of production. A barcode can be printed on any printer, while RFID tags
production requires either industrial equipment or special printers.
• The cost of RFID system is higher than the one, which is based on barcodes. Companies
calculate business functions like Return On Investment to find out how technology
improvement may benefit the company.
• Interference to electromagnetic fields. This is an issue that radio frequency equipment
users have to deal with. However, LF and HF are less exposed to interference than higher
frequency spectrum tags and readers.
• Lack of trust, ability to gather private information about people.
• The number of barcode-based solutions is substantially greater than solutions based on
RFID.
• Lack of open standards developed for RFID. Equipment produced by some manufacturers
may have different standards. Thus there are compatibility issues.
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Features of RFID and Barcode Technologies Compared
Parameters

RFID

Barcode

Line of sight

No line of sight required

Line of sight required

Reading range

Up to 100 m (in optimal
conditions)
Uniquely identifies items,
cases, pallets

Up to 4 m (with standard
material)
Identifies only item category

Item orientation to reader

Not important

Simultaneous
identification

Thousands tags per second
(anti-collision dependent)

Requires proper orientation
(using a laser scanner)
Read only single item at a time

Security, counterfeiting

High security, hard/almost
impossible to clone

Easy for copying/counterfeiting

Privacy

If not destroyed or deactivated,
tag may be read remotely (e.g.
after leaving a supermarket)
Support read and write
capability
More than 10 years

No private data available for
remote reading

Can be used in harsher
environment

Weak, depends on carrier
material

Impossible

Possible

Functionality is affected by
magnetic fields

Not affected

More data storage capacity
(128 Kilobytes for active tags)

Limited data storage capacity (7
Kb of numeric data for QR code)

Worldwide standards still in
process
Medium, small (25 mm2),
tiny (2 mm2)

Worldwide standards in place

ID capabilities

Rewrite, reusability
Tag lifetime
Harsh environment
resistance
Functionality if damaged
Interference with magnetic
fields
Data storage
Standardization
Size
Cost
Attachment

No write capability, static
information
Depends on carrier material

Medium, small

More expensive tags: $0.10
Cheaper to produce: $0.01
(closer to $0.25)
Currently requires two steps:
Single step: can be easily
tag creation and tag attachment printed on boxes during
manufacturing

4.

The Importance of Usability: Barcodes vs. RFIDCompared

One aspect of implementing
technology in a business is its ease
of use. This may be one of the
most undervalued characteristics
of business tools since productivity
greatly relies on ease of use. The
time that it takes to train employees
to use RFID or barcode technology is
important. If employees still struggle
after training than this can be very
costly to a business.
In a usability study of the two
technologies where users were
asked to play a game in which they
read RFID tags and barcodes, 88% of
participants found RFID easier to use
than barcodes.
On average it took users 74 seconds
longer to read a barcode than an
RFID tag. Although these participants
had little experience with either
technology, these results are relevant
in a business world where 10 seconds
wasted per employee, per day can
multiply to millions of dollars lost over
a span of a few years.
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Case studies of RFID Success

When a Library Moves Away From Barcodes to RFID
Use of barcodes in library management is the standard currently. This type of management
system always requires a line-of-sight, meaning that when items are borrowed and returned,
each item needs to be processed separately.
As barcodes are nothing more than 2d-images other means are needed for security
measures. This is where electro magnetic (EM) tags come into play. These tags work by
creating an electromagnetic field to which the security gate system will react to when an
active tag comes close enough to the gate.
When an item is borrowed the tag is desensitized and when returned the tag is activated
again. Barcodes do not offer any benefits for collection management. Even though checkin units can be barcode based the returned items still need to be sorted by hand before
returning them back to their shelves. It can be said that the defining characteristic of barcode
based library management is the lack of efficiency.
RFID offers a better system for libraries. RFID readers can recognize several books at once
where as with barcodes each book needs to be read separately. By installing a separate
sorting machine, which will read the tag information from the returned items and sort them
into corresponding carts, it is possible to make the check-in unit even smarter. This will save
time as the library staff can straight deliver the books back to their shelves without first
spending time on sorting the items.
With RFID it is possible to make it so that the library patrons return their items straight back
to the shelves by themselves instead of using the self-service check-in.
Misplaced and missing items are a common problem in libraries. By using handheld readers
a librarian can check if a shelf has missing or misplaced items, resulting in quicker inventory
control. Shelves can also be equipped with an RFID, reader making this whole process
automatic.
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Case studies of RFID Success
Case Study: Turku City Library System
Turku City Library System has 150-170 employees with 14 library branches and 2 mobile
libraries. There are approximately 1 million collections, 2 million visits and 3 million loans per
year. The following is a break down of their costs in adopting RFID:
Product
RFID Library Cards
RFID Tags
Check-in Unit + Sorters +
Transportation System
Check-out units
Security Gates

Unit
80,000
390,000
2+16+1

Cost
$86, 000
$185,000
$750,000

6
7

$120,000
$50,000

Total: $1, 191,000

RFID is a substantial investment for this library system. Although considering that this system
is for 14 library branches with over 150 employees the cost is less staggering.
3 million loans per year mean that in the old barcode system each one of these loans would
need to be scanned by a library employee. Consider if each loan only took 2 seconds to scan
manually that would result in 100,000 hours wasted in one year. With the new RFID system
the library is able to save $1,000,000 per year in labor costs alone. This pays off the whole
system in just 13 months, without factoring in the savings from a decrease in theft and loss.
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Wal-Mart: A Leader in RFID Adoption
From its inception, Wal-Mart recognized the need for discount pricing. In the 1980s, as WalMart grew to a size that gave it bargaining power, it began to pressure its vendors to keep
costs down. As early as the 1970s, Wal-Mart invested in its distribution systems, taking
advantage of economies of scale and scope; from the 1980s through today, Wal-Mart has
recognized that distribution is a crucial element in its success.
Wal-Mart is geared towards continually scanning the environment in search of new
opportunities to reap benefits from its supply chain. Ongoing uses of supply chain efficiencies
to keep costs, and therefore prices, down allow Wal-Mart to boast of “Every Day Low Prices.”
In 2003 Wal-Mart announced that it was requiring its top 100 suppliers to be able to apply
RFID tags to cases and pallets by January 2005.
At the time of the announcement, Wal-Mart suppliers and information technology vendors
were apprehensive because of the perceived challenges in manufacturing, pricing of the tags
and standardization. Wal-Mart, on the other hand, forecasted that the RFID initiative would
provide major benefits. It anticipated a 5 percent inventory reduction, a reduction in the rate
of stock-outs with a corresponding increase in sales, and reduced store and warehouse labor
costs.
RFID would provide a major competitive advantage for Wal-Mart over its competition, giving it
a cash-to-cash cycle of zero and or possibly, depending on vendor terms allowing aggregation
of payments, even a negative cash-to-cash cycle, a phenomenal feat. Wal-Mart would free a
substantial cash flow that could be used to fund other activities or to pay down debt. RFID is
the key to this accomplishment.

The Benefits
In comparing 12 pilot stores with 12 control stores, Wal-Mart was able to
reduce out of stocks reduced by 16%. The items that did go out-of-stock
were replenished three times faster in the stores that deployed RFID than
in the control stores.
Sources report that Wal-Mart has an increase of $287 million per year as a
result of the substantial drop in out of stocks.
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RFID in Retail
In 2009, the University of Arkansas Information Technology Research Institute completed a
study to determine the business value of RFID item-level tagging for day-to-day operations at
a major luxury retailer. The chain’s management evaluated the use of RFID tags in the denim
category. The results demonstrated that overall inventory accuracy improved by more than
27 percent, understocks decreased by 21 percent, and overstocks decreased by 6 percent.
The study also compared how long it took to count items using RFID vs. a barcode reader.
With RFID, scanning 10,000 items took two hours; scanning with a barcode reader took 53
hours. This translated into an average of 4,767 counted items per hour using RFID, and 209
items per hour using a barcode system—a 96 percent reduction in cycle-counting time.
Nearly 15 billion pairs of shoes and 10 billion fashion apparel items ship from manufacturers
every year. The costs for conducting manual inventory of these items, managing out-ofstocks, and preventing theft continue to rise. Apparel retailers are rapidly adopting item-level
tracking to enable accurate visibility of each garment.
Perpetual inventories are running at 60-70 percent in real-time, making it difficult to make
proactive business decisions for creating in-store sales lift. With RFID-enabled 100 percent
inventory accuracy, apparel retailers are gaining visibility into what is selling, where, and
when—powerful metrics that marketing departments can quickly leverage to improve sales,
branding, and customer loyalty campaigns.
RFID tags provide enough data storage for a wide range of information and applications. Tags
attached to apparel can contain three dimensions of information: style, size, and color. In
practice, store associates read RFID tags on garments hanging on a mobile rack, or read the
tags at the point of sale.
The ability to know that a specific item is available in a style, size, and color when a customer
walks into the store helps ensure the sale and provides the customer with a positive
experience. Associates can quickly find the item, which lifts sales by having the right item, in
the right place, for the right customer, at the right time. Customers leave the store feeling
confident that their next visit will be just as positive, and the retailer can always meet their
needs.
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RFID vs. Barcodes in The Supply Chain
BARCODES

RFID

Manufacturing

Distribution

Retails

• Affordable
• Accurate and Reliable
• Generic quality control
• Asset Tracking
• Reduced shrinkage
• Subject to
environmental factors
• Labor intensive manual
scanning
• Non-specific recalls

• Accurate inventory
information
• Limited visibility
• Affordable
• Accurate and Reliable
• Partial employment of
JIT
• Labor Intensive
• Prone to human error
• Susceptible to
environmental damage
• Better asset
management
• Time consuming
manual scanning

• Inventory Management
• Reliable
• Labor Intensive
• Limited Visibility
• Manual stock takes
• Subject to human
scanning errors
• Slow scanning of
incoming shipments

• Traceable warrantees
• Targeted recalls
• Better quality control
• Enhanced visibility
• Security and
counterfeiting protection
• Increased asset
utilization
• Increased labor
productivity
• Superior WMS
• Utilization of JIT
• Better sequencing of
WIP materials
• Asset tracking
• Reduced shrinkage

• Automatic ID of product
and pallet contents
• Improved order
accuracy
• Higher order fulfillment
• Enhanced Labor
Productivity
• Enhanced Visibility
• Express item picking
• Faster put-away times
• Theft prevention and
enhanced security
• Fewer misdirected
shipments
• Better un/loading times
• Superior WMS
• Utilization of JIT
• Reduced shrinkage
• High-level of
automation
• Audit trails and route
tracking
• Asset reduction
• Better management of
reusable assets
• Improved forecasting
and planning

• Inventory visibility
• Reduced incidence of
out-of-stocks
• Fewer expired products
• Increased labor
productivity
• Improved customer
service
• JIT inventory
management
• Enhanced forecasting
• Increased sales
• Optimized recalls
• Faster unloading times
• Increased shipping
accuracy
• Smart-shelves
• Self-checkout
• Theft and security
enhancement
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Conclusion
There will always be different automatic identification (auto-ID) technologies on the market.
Barcodes will continue to play a significant role, whether it is helping a supplier streamline
their inventory management practices or at the checkout of a supermarket. However, due
to the inherent advantages of RFID technology, such as not requiring line-of-site and the
ability to track products in real-time, RFID will be increasingly utilized. Currently there is a coexistence of the two technologies, where they will play a complementary role to each other.
Organizations are able to leverage the power of barcodes and RFID to achieve new levels of
efficiency both internally and with partners.
There is no doubt that barcodes will remain a prominent auto-ID solution for the foreseeable
future. However, in an increasingly competitive corporate environment, organizations are
looking yield new levels of efficiency and attempt to gain, not only cost reductions, but also
a competitive edge and improve their market share – and many organizations are starting to
do so with RFID.
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