
Printronix Inc., headquartered in Irvine,
Calif., is a global leader of innovative print-

ing solutions for the industrial marketplace
and distribution supply chain. It is the world’s
top-selling line matrix manufacturer and has
earned an outstanding reputation for its 
high-performance thermal and fanfold laser
printers and related software solutions.

The company was founded in 1974 to design
advanced printing solutions for the minicomput-
er market. As technology migrated to networked
computing and enterprise resource planning 
systems, Printronix also evolved to provide indus-
try-leading printer management software, lega-
cy migration tools and scanning and verification
solutions. This cemented the company‘s position
as a pioneer in printing technology solutions that
support labeling, identification, supply chain
applications workflow and logistics.

Expert at adapting new technologies to
create innovative programs, the company offers
the next generation of RFID products and serv-
ices. Already, its RFID printing technology is
used by more than half of Wal-Mart’s top 137
suppliers as well as scores of Department of
Defense suppliers. Printronix’s RFID Smart™
technology solutions platform fast-tracks adop-
tion of RFID and unblocks implementation 
barriers IT professionals face.

Advanced Supply Chain
Visibility
Just as Printronix has been the first choice for
line matrix printing since 1974, it also is the
first name in smart label technology today.
Printronix continues its first-to-market tradi-
tion in the emerging field of RFID:
• First to ship UHF, Class 1, EPC-compliant RFID

smart label solutions to help companies and
their suppliers conform to specifications;

• First to offer a Smart Label Developer’s Kit
(SLDK™) enabling users to start their pilot
programs;

• First to deliver a Smart Label Pilot Printer
(SLPP™) platform to make it easy to
expand pilot programs;

• First to ship a multiprotocol smart label
printer supporting all existing EPC classes –
as well as providing a field upgradeable
path for future specifications;

• First to write the book on RFID labeling for the
Consumer Packaged Goods Supply Chain.

In addition, Printronix offers other innovations
to help companies test, deploy and implement
RFID solutions. It offers a print-encode-and-
apply system that addresses compliance and
automated application requirements. Its line of
certified smart labels ensures accurate reading,
encoding and printing performance, with one
number to call for printing solutions support.

Printer Management for 
Any Printer, Anywhere
To meet the demands of today’s enterprise 
networks, Printronix offers PrintNet® Enterprise,
a unique Web-based, remote printer manage-
ment tool. It combines remote diagnostics and
helpdesk tools with an enterprise-saving 
alerting system. PrintNet Enterprise is the only
system to provide IT network managers instan-
taneous visibility and control to every networked
printer, regardless of location.

100 Percent Compliance Solution
Printronix gives customers the exclusive ability
to maximize bar coding and RFID labeling
capabilities while eliminating costly rejection
and capturing real-time data. Printronix offers
ODV and EPC Data Manager integrated with
PrintNet Enterprise, a label verification system
that integrates seamlessly with enterprise net-
works and guarantees bar code and RFID
labels that are 100 percent scannable, 100
percent of the time. Printronix’s proprietary
ODV and EPC Data Manager provides robust
data capturing and reporting capabilities and
the ability to evaluate data. 

To learn more about how Printronix 
can help you maximize your RFID possibili-
ties, contact us at 800.665-6210 or go to
www.printronix.com. ■
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Manufacturing organizations looking to leverage their supply chain
and operational investments must automate cross-organiza-

tional performance planning processes to enable operational 
performance management. The reason – the lack of nimbleness 
and automation in existing sales and operational planning (S&OP)
processes have stunted management’s ability to drive change 
efficiently. Responding to new initiatives and meeting new business
and financial objectives and targets during the year are critical issues
for enabling performance and process improvement.

The mandate to adopt change and to link sales and operational
management with financial targets is further stressed by evolving
pressures of RFID, compliance and contract/supplier outsourcing 
initiatives that do not immediately reduce costs of operations. The
additional pressure by finance to maintain cost structures and 
provide visibility into operations complicates the goal to simplify 
and improve profitability of manufacturing. Direct efforts to evolve
existing supply chain-centric S&OP efforts can help provide the
framework for operational process improvement.

Your organization will have to choose how to adapt and meet
these management and process requirements to ensure you are not
caught in what often is referred to as operational “cement,” which
inhibits efficient change to performance targets. While decisions
might be made in an effective manner, efficiency in implementing
them is the key challenge for organizations. Aligning people and
processes to reach performance targets is the essence of what is
called performance management. 

Linking your executives, sales, product, operations and finance areas
to streamline performance process improvement increases your oppor-
tunities for maintaining a competitive advantage. Getting people to 
efficiently and effectively adopt change and achieve stated objectives
and targets is the essence of effective performance management.

Understanding Linkages 
In Performance Management
In most organizations, the management process of performance
management in any area of the organization is defined across three

steps – strategy, planning and execution. We at Ventana Research
correlate a performance improvement process, PerformanceCycle,
where strategy should enable alignment, then planning enables
optimization and finally execution is linked to understanding the
business. It is the responsibility of management to ensure the 
optimal set of resources and time allocated to each step for reach-
ing the potential performance targets.

To enable this process, our research has found that the order and
focus of the management and performance improvement process-
es is directly linked to the efficiency and effectiveness of an organi-
zation. By this we mean that the efficiency and transition from the
strategy to planning to execution process will assist in improving the
effectiveness of the organization. Unfortunately, many organizations
spend more time trying to understand performance by measuring
the past rather than focusing on future potential and forward-look-
ing planning processes for operational and strategic objectives. 

Refining objectives, defining new initiatives for maximizing the
value of products in the market, and reaching the corporate, finan-
cial and customer level goals for market share and profitability
improvement are difficult tasks. While most companies can deter-
mine their strategy and objectives at different levels, it is not as easy
to drive change through planning. Planning requires collaboration
of people among processes to a shared acceptance and future
accountability for performance targets. 

Understanding the Operational 
Performance Gap
Planning is the link between strategy and execution. Driving change
across competing organizational agendas and linking operational
and supply chain processes with financial outcomes is imperative for
planning to succeed. Instead of just individual departmental
approaches to planning, organizations will have to synchronize 
activities and utilization of resources to meet the fluid aspects of sales
and operational processes. Of course, just doing the operational
planning without well-defined targets and objectives that shift with
strategy refinement is insufficient.

The Missing Link – 
Operational Performance Planning
Mark Smith, Ventana Research

Mark Smith is responsible for the overall direction of Ventana Research and drives the global performance management research agenda covering both
business and technology areas. Mark is an expert in business intelligence and integration management and directly manages the specific business areas 
of workforce and IT performance management. As an industry veteran with more than 18 years of experience, Mark worked at companies including 
SAP, META Group, Oracle and IRI Software before founding Ventana Research. Mark can be contacted at mark.smith@ventanaresearch.com.

Managing operational performance across the supply chain and intersecting demand from
marketing/sales to finance to operational management requires a common set of plans
for meeting objectives and targets.
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So to become more nimble you will need to consider the opera-
tional reality of your organization and the market you operate 
within. Dynamic changes caused by competitive pressures, merger
and acquisition activities and economic shifts to your demand 
and supply chain have to be easily accommodated in your sales 
and operational areas. Unfortunately, the lack of preparedness 
for these stated issues and inability to assimilate external and inter-
nal information to adapt and plan represent some of the largest chal-
lenges facing sales and operational management. 

Why is this so important? The traditional annual planning and
supply chain planning processes are not sufficient to respond to
today’s competitive and internal demands. The reality of new 
initiatives and changes require better coordination and communi-
cation efficiently across operations. Linking plans across sales
pipelines, demand forecasts, revenue and product planning to 
financial plans are not simple feats. To have a better chance to drive
the change will require linkage of customer and product processes
across manufacturing, operations, sales and finance. 

While there are plenty of efforts and probably systems at the
detailed supply chain execution and sales forecasting level within
your organization, the lack of unified efforts to support operational
planning across the enterprise hinders your ability to align efforts 
to performance targets. How well you enable and focus operational

performance management as a management process to achieve 
the common goals and objectives across your operational areas 
will determine how effective you are in eliminating your perform-
ance gap. Driving change in order to meet competitive pressures,
industry and internal initiatives and create a more nimble organiza-
tion requires the close collaboration of people and processes through
planning.

Requirements for On-Demand 
Operational Performance Planning 
Within any manufacturing organization there is a quagmire of 
individual systems and an array of never ending spreadsheets that
plague operational performance planning processes. With so 
much information and no cohesive or unified process/information
systems, it is a wonder that organizations do as well as they do. Even
mere incremental improvement on inventory levels, promotional
effectiveness and supplier delivery could reduce costs and improve
revenue by millions of dollars. 

If your organization spends less than two-thirds of its time on 
forward-looking strategy and planning for operational performance
and process improvement compared to measuring and monitoring
execution, you are probably a perfect candidate for on-demand
operational performance planning.

In many cases, the actions and decisions that deliver improve-
ment in product and operational margins are accomplished on a
continuous basis. So what is your organization doing and how
should you assess your requirements for taking on this initiative? 

While your organization may spend time within its departmental
areas fine-tuning specific plans and measuring performance from a
detailed and bottom-up perspective, such an approach is probably
not enough for interoperability across functional areas. What’s also
needed is a common approach that can be used by management
across the business.

Your first step is to determine how your finance, operations, sales
and supporting organizations are doing operational performance
planning today, and how they proactively address new opportuni-
ties and react to change in the marketplace. Look for an operational
management up-and-down approach compared to bottom-up or
finance-out approach. As you consider the pros and cons of your
approach, you must examine the different methods that enable
operational performance planning. 
• Financial Management – This approach is designed to extend

your annual financial budgeting/planning processes and system to
reach to the operational management levels. It should be examined
to see if it can handle the cycle and complexities of nonlinear and
nonaggregated level planning. New capabilities are extending solu-

tions into operational areas and include vendors such as Applix,
Cartesis, Clarity Systems, Cognos, Geac and Hyperion.

• ERP and Supply Chain – This approach is designed to lever-
age your ERP-centric supply chain and Advanced Planning &
Optimization (APO) processes as the center of gravity. Then by link-
ing in the sales and demand plans along with financial information
you can provide a method for your operations. Further evaluation
of this approach to determine its ability to meet your entire opera-
tions’ needs should be closely examined. Typical vendors in this area
would include i2, Manugistics, Oracle, SAP, SSA Global and others.

• Operational Planning – This approach is designed to build 
a common foundation to operational planning processes and 
systems that can work across operations and extend to the
needs of the supply chain, finance, sales and other operational
areas. Applications offering spreadsheet-like capabilities are
common among vendors in this area, which include new 
solution providers along with evolved independent APO
providers. An example set of vendors include Eivia, Interlace
Systems, Preactor International, Quintiq, RSS Solutions,
SmartOps, SteelWedge and Kinaxis.

Of course in any of these approaches you should consider leverag-
ing your existing investments in your underlying supply chain, > > > 

Instead of just individual departmental approaches to planning,
organizations will have to synchronize activities and utilization
of resources to meet the fluid aspects of sales and
operational processes.“ ”
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financial and BI systems. Make sure you invest in applications that
align with your operational performance planning processes. Ensure
that you instill a process and system that can be used across differ-
ent levels of management and supporting analysts. Do not propa-
gate approaches that increase the chance for errors as found in an
individual spreadsheet-based planning approach.

How to Get Started
You have now seen the basics behind operational performance 
planning and the fundamental goals of efficiency, effectiveness 
and alignment of your planning processes for improved perform-
ance. We’ve provided perspective on how to enhance your 
management process and connect the gap between strategy 
and execution. 

Your ability to lead and build an operational performance plan-
ning foundation to streamline your processes is critical to your organ-
ization. Once you have addressed operational and efficiency issues
you will be able to advance to the strategic focus on improving the
value of your sales and operations investment from the supply chain
to the customer. To get started and accelerate your path utilize these
five easy steps:
1. Operational planning process and system assessment –

Conduct a simple but thorough independent and unbiased
assessment of your operational planning processes and systems.

Establish a benchmark for current efficiency and effectiveness
and then identify areas for improvement. Evaluate financial and
operational requirements in this approach including conducting
ROI/TCO calculations. 

2. Build a business case to improve value and results – Building
the business case requires good definition of the value and cost
of your program. Address the cultural, business and technology
barriers to ensure executives can support and follow through on
your operational performance planning initiative. 

3. Assemble the program and plan – Once you have executive
sponsorship, create a well-defined program and plan to commu-
nicate to the management of your organization. The program 
will need to be articulated at different levels and areas of the
organization so the value is well presented. The program should
also address how to improve the effectiveness of the operations
through defined process improvement via planning.

4. Evaluate solutions with proper criteria – After establishing
operational performance targets, executive sponsorship and a pro-
gram, evaluate your solution options. When deciding on your
approach, look at the different approaches as outlined. Establish
good evaluation criteria and ensure the program will be timely and
responsive to the organization. Vendor viability and consolidation
in the market has changed the landscape quite significantly and all
options should be evaluated, from existing to new suppliers.

5. Operational performance planning solution adoption –
The final step is ensuring widespread operational adoption to
reach your objectives. This requires an understanding of how to
minimize interruptions to the business, culture and technology. 

These steps lead to the ultimate goal of increasing efficiency, 
effectiveness and alignment of your operations. Through a simple
operational-wide approach you can quickly transform your people,
processes and systems in an efficient manner. 

Your Opportunity to Seize
Adopt operational performance planning that spans organizational
areas with a more focused link between the people and systems 
for performance management. Unfortunately your current process 
and systems within finance, sales and operations are probably not
ready to meet your specific requirements for performance improve-

ment. Embracing an approach that can provide a unified operational
performance planning process is an essential first step.

Understanding the potential outcomes and impact to the people
in the organization with operational performance planning is as
important as setting goals and objectives or measuring and 
monitoring execution. Driving change in an organization to adopt a
new management and performance process is as much about peo-
ple as it is about the organization. Your outcomes will depend on it
and can either drive improvement or continue your chance of degra-
dation to performance targets.

This allocation of time and resources has a direct correlation to
the level of investments in underlying systems to automate the man-
agement and performance processes. Reducing the risk of potential
unused inventory or unprofitable operations can be achieved through
the evolution of S&OP to leverage performance planning processes
that enable operational performance management. ■

Dynamic changes caused by competitive pressures, merger
and acquisition activities and economic shifts to your demand
and supply chain have to be easily accommodated in
your sales and operational areas.“ ”



Intel’s Tom Gibbs explains how Intel is integrating
and supporting the emergence of sensor-based 
technology networks.

Tom Gibbs is director of worldwide
strategy and planning in the cus-
tomer solutions group at Intel
Corporation. Prior to joining Intel 
in 1991, Mr. Gibbs held technical
marketing management and indus-
try sales management positions with
FPS Computing and Engineering
Design and Development for air-
borne radar systems at Hughes
Aircraft Company. He is a graduate 
in electrical engineering from
California Polytechnic University 
in San Luis Obispo and was a mem-
ber of the graduate fellowship pro-
gram at Hughes Aircraft Company,
where his areas of study included
nonlinear control systems, artificial
intelligence and stochastic process-
es. He also served on the President’s
Information Technology Advisory
Council for open-source computing.

Tom Gibbs
Director of Worldwide
Strategy and Planning

INTERVIEW

ASCET: Why does Intel care about RFID?

TG: Let‘s begin by saying why we don’t care: we are not making RFID tags. Our inter-
est is really in all-autonomic sensor technology and its impact on IT architecture.
RFID is an example of a device that can store information, and ultimately 
somewhere down the road, communicate without requiring a human in the loop.
We think that this general class of technology offers tremendous opportunity to
go the last few meters in particular business areas like supply chain or other
aspects of the enterprise where complete coverage and understanding of the
knowledge of where our assets are throughout the business day is important. We
are working on understanding how RFID and autonomic sensor networks are
going to be used, and how the new business processes will be executed, because
that’s going to govern how our next generation platforms need to be designed
so that businesses can take full advantage of the new data sources. For Intel, it’s
about RFID and autonomic sensor nets and what they bring to the rest of the 
technology in the enterprise and the platforms that Intel makes, starting with the
reader and then going all the way back into the back-end database engine. 

ASCET: What are some of the autonomic data sources that you’re looking at aside
from RFID?

TG: There’s a whole host of new technologies in this class of autonomic sensors that
are coming to market just now. RFID is seen as a relatively mature technology
because it’s already being deployed in a number of business situations. The auto-
nomic sensors are still in the innovation phase right now, but they can essentially
sense vibration, temperature and motion. We’ve done one demonstration with
British Petroleum in applying sensor-based technology to engines in one of their
ships in the North Sea, where they measure the vibrations on the engine 24/7.
They collect that data and look at the vibration profile to determine if the engine
is healthy. If it’s not functioning properly, they can start to either institute a repair
or begin to order replacement parts. This is a key issue, because if one of those
ships goes down, it severely affects their logistics chain. 

ASCET: What industry partners is Intel working with to accelerate RFID and sensor
solutions?

TG: We work with a number of partners. One of the advantages that Intel brings 
to our ecosystem is the fact that we essentially can and do work with nearly 
everyone in the IT vendor community. In the case of RFID, there are some partners
that have gone public in terms of working with us, including Oracle, SAP, 
Cap Gemini, IBM, Tyco and Cisco.

ASCET: Are you piloting R&D projects together? 

TG: Yes, we are involved in a number of projects in all of the major geographic
regions. Some are in the R&D area, such as the British Petroleum autonomic
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sensor test or the Metro Store of the Future. We are
working with a number of companies involved in 
the initial Wal-Mart rollout, where we have moved
beyond piloting the proof of concept into pilot and 
early deployment. 

ASCET: What are some of the more interesting developments
in RFID technology? 

TG: The value proposition from RFID comes from its ability
to improve collaboration and communications across
vendors. Simply applying an RFID tag to the box 
and reading it and making that data available to one
vendor can have incremental business value, because
that vendor is going to have better insight into where
the goods are. But what’s really interesting is now that
you have that information, two partners can work
together to improve their fundamental operating 
efficiencies. So a pharmaceutical company, knowing
that the goods are shipped and available and perhaps
have been tampered with, can take action more imme-
diately. A big retailer can share the data between the
point of sale, the back office and the supplier, so the
supplier can maintain a lower out-of-stock threshold.

ASCET: What are some of the most interesting new technolo-
gies or processes on the horizon? 

TG: As more intelligence becomes available in handheld,
laptop or mobile devices, the capacity to begin coupling
that mobility with autonomic sensors will offer some pret-
ty dramatic improvements in fundamental operational
inefficiencies that plague a number of businesses. I’m
sure you’ve gone to a consumer electronics store or a
bookstore within the last year where an item you 
really wanted to buy wasn’t on the shelf. And you might
have thought, boy, I really need this today. I wonder if
the goods are really here in the store somewhere,
perhaps in the back office or storeroom. Right now, the
folks on the floor don’t know because they don’t have
the technology to know. However, if somebody in the
back office were bar code reading everything as it 
comes through the door, the floor people would have
that information.

With new technology that has intelligence cou-
pled with autonomic sensors, the floor salespeople
could use a handheld device or a POS system integrat-
ed into the supply chain and sort out whether or not
the goods are in the store. So it’s a triple-win situation:
the consumer wins, the retailer wins and the supplier
wins. It’s not just RFID by itself; it’s RFID with the right
kind of intelligence in the reader and the right kind of
intelligence in the edge servers so that they can relay
the information either as it happens, or on request, to

the individuals that are at the point of sale, the point of
care in a hospital or the point of presence in the field.

ASCET: Is Intel expanding into new technology markets?

TG: There is some interest in what I call rich sensor tech-
nology. By rich I mean sensor technology that employs
a lot of logic. But in general, we think there’s a tremen-
dous opportunity in our current product line to take
advantage of the data sources that are generated,
whether we happen to make the devices that are
generating the data or not. We see the bulk of the
opportunity in our traditional product lines. What’s
new is using those traditional product lines differently
with new platform technology. 

ASCET: Is Intel expanding the processor out to newer capabilities? 

TG: Exactly. For example, think of the edge server versus the
server that sits in a store. What is the server really doing
in terms of its value proposition of the store? Now that
RFID data is coming into the store, that edge server
becomes a lot more valuable in terms of being able to
solve some basic business problems. The point of sale
system provides value in inventory and management
and if it’s linked more completely with RFID data in the
back office and collaborative supply chain data from
the supplier, you can begin to envision a completely
closed looped system. Some companies and analysts
estimate that the safety stock is a multibillion-dollar
issue for the consumer packaged goods industry. By
using a closed loop solution, you can reduce safety
stock by a factor of two. I’m not sure that you could do
that overnight, but let’s say you could: that’s a multibil-
lion-dollar fix. That’s pretty exciting, and that system
would use most of our current product lines with new
data sources. 

ASCET: Beyond retail, what are some of the industries that
can benefit most from RFID and other sensor-based
solutions?

TG: To begin with there are a number of industries besides
retail that are already taking advantage of RFID. If 
you travel up and down the East Coast corridor in the
U.S., you’re taking advantage of RFID by using Easy
Pass. That same technology is used overseas to
expedite transportation flow today. Discrete manufac-
turing, automotive and heavy industries such as aero-
space are utilizing RFID. It is spreading in the healthcare
industry. We just did a case study at major hospitals
that are using RFID and mobility. Pharmaceutical  com-
panies are looking at RFID as one mechanism to
improve clinical trials.The question really becomes,
what industries won’t be using RFID? ■
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Innovation 
Is Our Business 
Intel has been at the forefront of the com-
puter technology revolution for 35 years.
The drive for innovation led us to create 
the world’s first microprocessor in 1971, and
Intel continues to lead the way as the 
preeminent supplier of building blocks for
the worldwide digital economy. The Intel
product line includes CPUs, chipsets, boards,
systems and software development tools,
which together make up the primary 
building blocks for advanced computing,
network, server and communications tools. 

Intel’s Role in 
Sensor Solutions
The global business community demands
increasing collaboration and integration
both within organizations and with key busi-
ness partners. Sophisticated sensor plat-
forms such as RFID are at the heart of a new,
collaborative revolution. 

Intel sees the potential for business to
evolve toward a more adaptive, organic
model. Think of combining billions of sensors
in intelligent, self-organizing networks, and
you’re moving toward a digital “nervous 
system” that, like the human nervous system,
can perceive and understand the world
around us. RFID/sensor technology is the start

of a global, collaborative system. This sensor-
based network will dramatically increase the
demands on your information architecture.
Intel provides a powerful, scalable, standards-
based foundation to manage the massive
amounts of data and the increasing number
of applications making use of the data. 

Creating the Future Through
R&D and Standards Creation
With over 7,000 researchers and scientists
employed in labs around the globe, our tech-
nology investments differentiate us from
competitors and provide the foundation for
future growth. In 2003 alone, Intel spent
$4.4 billion on R&D. Intel is an industry inno-
vation leader in the emerging RFID transfor-
mation. Working with academia and
industry, Intel is helping to develop powerful,
integrated RFID-EPC solutions using hard-
ware and software based on robust, open
standards and distributed computing archi-
tectures. In a collaborative effort with SAP
and IBM, Intel is a key technology advisor in
Metro Group’s Future Store Initiative, which
has piloted the use of RFID-based inventory
management. Intel is also a sponsor of the
Auto-ID Center at the Massachusetts
Institute of Technology (MIT) and is working
with EPCglobal to drive RFID standards. Intel
has established RFID research laboratories 

in cooperation with the University of
Washington; the University of California,
Berkeley; MIT; and Cambridge University. 

Service-Oriented Architecture
An effective approach to developing the
information infrastructure for a robust RFID
solution is a service-oriented architecture
built on open-standards Web services. A
service-oriented architecture can reduce
environmental complexity and cost while
increasing the flexibility and utility of IT infra-
structure and information architecture.

To help maintain a comprehensive view
of a solution using RFID and autonomic sen-
sor networks, consider an emerging frame-
work called the Service-Oriented Enterprise
(SOE). This framework can help you make
sure you’re considering all the critical ele-
ments of a high-ROI RFID solution. SOE can
assist you in developing a road map to
robust, cost-effective RFID solutions that are
compatible with existing legacy systems and
flexible to meet changing business require-
ments and the evolution of the technology. 

The service-oriented architecture layer
replaces functional silos with networks of
services. Software programs and data repos-
itories are orchestrated as services, and are
supported by distributed, automated securi-
ty and management services. The SOA layer
includes three important functions:
• Information access enables a real-time

enterprise to harness information and
become more flexible and adaptable 
to changing market conditions. This
requires delivering the right information
to the right person at the right time.
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For over 35 years, Intel
Corporation has developed
technology that has changed 
the world. Intel’s chips, boards,
systems and software support the
most advanced servers, network-
ing and communications products.
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• Business process execution brings
together a variety of functions and serv-
ices to solve a specific business problem
using adaptive business rules.

• The data hub enables the enterprise to
encapsulate standard business defini-
tions (for example, a “customer”) and to
create others such as industry-specific
definitions. The data hub also performs
data cleansing operations so information
can flow easily among applications.

The service-oriented infrastructure (SOI)
layer orchestrates computing, network and
storage resources and ensures that resources
are made available as needed. Physical
resources are virtualized to maximize reuse,
reduce costs and make the infrastructure
easier to maintain and refresh.

At the foundation of the SOE framework
are innovative Intel technologies that provide
core capabilities in computation, data stor-
age, communication, virtualization, coordi-
nation, management and security that
support the upper SOE layers.

Each building block integrates hardware
facilities with encapsulating firmware that
provides a virtualized, standardized interface
to the upper layers of the infrastructure.

Recently, the company announced 
Intel® Active Management Technology, 
Multi-Core Technology and Intel®

Virtualization Technology and a shift toward
dual-core and many-core technologies. 
All are designed to make it simpler and 
less expensive to implement a service-
oriented infrastructure.

Platforms based on Intel technologies 
help organizations worldwide reduce their
risks and operate with great productivity at
low cost, whether the challenge is deploying
service-oriented infrastructure, integrating 
disparate applications, running massive data-
bases or providing convenient information
access to employees on the go. As the corner-
stone of a service-oriented enterprise, 
Intel® technologies give you robust, flexible
and cost-effective infrastructure at every stage
of RFID deployment. And Intel’s stable road
maps continue to bring increases in perform-
ance and capabilities at a predictable cadence
that minimizes disruptions. Information archi-
tecture must support the five critical activities
required for RFID success:
• Capture information. Sensor-based

information must be captured from a
wide array of hardware platforms – read-
ers, sensors, light stacks and more. Once
the data is captured, it must be consoli-
dated and filtered.

• Manage information. Sensor-based
computing generates an explosion of
data and events. The challenge comes in
creating a consistent view of RFID data
that is scalable, reliable and secure on a
common, flexible infrastructure.

• Analyze information. Data and events
must be analyzed in near real time to
provide timely business intelligence and
business activity monitoring for continu-
ous process improvement.

• Access information. Incoming data
needs to be made available throughout
the supply network to trigger critical busi-

ness processes. This includes providing
the information internally to enterprise
resource planning applications, and exter-
nally to trading partners and customers.

• Act on information and events.
Organizations need the ability to manage
by exception and respond to events trig-
gered from anywhere along the value
chain. Employees must be empowered to
access, interpret and act on information
when and where they need it.

Solutions Deployment
Expertise: RFID in the 
Real-Time Real World
For businesses to meet the demands of
global sourcing, intensive collaborative rela-
tionships and growth-oriented markets,
sensor-based technologies are defining the
path to survival, and business process defini-
tion is arguably the most important aspect 
of a high-ROI RFID solution. This is where
you answer the crucial questions: What am 
I going to do with the RFID data? What busi-
ness problems am I going to solve?

You might, for example, focus on reduc-
ing out-of-stocks or helping a business part-
ner manage safety stock and replenishment.
After you identify the business problems you
hope to solve through the use of RFID data,
the next step is to determine who needs to
receive what data when and what events you
want to act on. For example, to improve an
out-of-stock and inventory management 
system, you would want to alert local store
personnel and the appropriate business part-
ner when items arrive in the store, then have
the store personnel notify the head office and
the business partner when the items are put
on the shelf. If business process definitions 
are not clearly developed, you’re unlikely to
realize RFID’s tremendous ROI potential.

RFID and other sensor-based computing
initiatives promise transformative business
value. They can transform a retail supply chain
into a consumer-driven demand network and
improve efficiencies and business processes in
industries ranging from healthcare to defense.

Your company can realize greater RFID
value by: 

Responding to customers more
effectively by building RFID solutions
into your digital supply chain.

Business Value: React to changes in cus-
tomer demand cycles, improve supply chain
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operations and better manage/track assets
through real-time data captured via RFID solu-
tions. Improve supply chain operations by
enabling decision making to front-line employ-
ees – in the field, on location and on the road.

Intel‘s Role: Intel enables and delivers the
distributed processors, compute model and IT
infrastructure to support all the new data sources
made possible by RFID, i.e., servers, desktops,
mobile laptops, RFID readers and communica-
tions and networking products. Users and end
users rely on Intel as a vendor-neutral and trust-
ed solutions advisor to create real-world solutions
for your business challenges.

Better capturing, analyzing and acting
on real-time data – from customer info to
product inventory – by integrating RFID
and supporting IT infrastructure into your
business process.

Business Value: Respond more readily to
changing business opportunities for growth and
business needs to remain competitive – marry
new technologies with existing IT investments.

Intel‘s Role: Intel helps identify new direc-
tions and new computing models that will
serve your evolving business needs. Intel’s
mobility leadership, including powerful mobile
platforms and emerging autonomic comput-
ing models (i.e., RFID) maximizes productivity.

Investigating and investing in RFID
and other autonomic technology solution
pilots, such as sensor nets and motes, for
future business advantage, for compli-
ance and beyond. 

Business Value: Research the technology; a
little investigation can pay big dividends.

Determine if there is a process that would 
benefit from RFID, do a rough ROI analysis and 
if the indicators look positive, launch a pilot.
Benchmark your current supply chain and criti-
cally evaluate if improved information about
business levels, workflows and forecasting is
needed. RFID could enable the next step change.

Intel‘s Role: Intel has formidable experience
working with customers on RFID pilots and sup-
porting industry standards, i.e., EPC Global.

With Intel’s standards-based distributed
architecture and aggressive road map to con-
tinuing performance increases, you can opti-
mize your enterprise RFID-EPC architecture’s
performance, scalability, affordability and flex-
ibility by building your end-to-end solutions on
Intel processor-based platforms. 

Widely recognized as one of the world’s
most advanced manufacturers, Intel is reviewing
best-known methods from around the world, as
well as developing pilots to test the usage and
value of RFID technologies and processes 
within our own high-volume manufacturing
facilities. Intel is evaluating current practices and
exploring RFID’s use to speed the flow of mate-
rials, enhance tracking and tracing and enable
breakthrough improvements in manufacturing
productivity. Meanwhile, the next steps are clear.
RFID-EPC value arises from strategic vision and
leadership, including a willingness to pursue
new business models, to adopt global informa-
tion standards and to invest in leading-edge
technologies for data capture, information 
management and the underlying computing
and communications infrastructure. Intel can
help you join the sensor-based ecosystem. ■

For over 35 years, Intel Corporation
has developed technology that has
changed the world. Intel’s chips,
boards, systems and software sup-
port the most advanced servers,
networking and communications
products. Today, Intel is accelerat-
ing the maturity of RFID and sen-
sor-based solutions through our
substantial R&D efforts; intensive
collaboration with the broader IT
ecosystem; and by providing the
essential technology on which the
best RFID solutions are built.

Paul S. Otellini
President and 
Chief Executive Officer

Intel Corporation
2200 Mission College Blvd.
Santa Clara, CA 95052

For more information, visit:
www.intel.com/go/rfid

Intel, the Intel logo, Itanium, Xeon, Pentium,
Centrino and Xscale are trademarks or
registered trademarks of Intel Corporation 
or its subsidiaries in the United States and
other countries. Other names and brands
may be claimed as the property of others.

Copyright 2005 Intel Corporation. 
All rights reserved.

• Building the technology platforms

• Considerable R&D initiatives

• Active participation in standards creation

• Solutions deployment expertise

• Ecosystem collaboration with industry leaders such as Oracle, Cisco, IBM and SAP

Intel supports the expansion of the RFID collaborative network through:

• RFID in Manufacturing: RFID Delivers the Goods for Intel

• RFID in Healthcare

• RFID in Retail

For more information on how Intel technology is enabling business transformation 
through RFID and sensor solutions – both internally and with our customers – 
see these case studies at www.ascet.com/case.asp.
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L ast year I wrote an article for ASCET that described the adoption
of RFID in the context of other technologies that have struggled

to gain acceptance before they take shape and deliver on their
potential. It’s common with all technologies ranging from railroads
to electric motors and is particularly common in information tech-
nology for hype to enter into the equation before the technology is
mature enough for broad adoption. As the philosopher said, histo-
ry repeats itself, and that was clearly the case with RFID last year as
the subject was being discussed nonstop in conferences across 
multiple industries, but in most cases very few had piloted it, yet
alone deployed RFID in a solution. The situation was being fueled by
mandates in the retail industry, the U.S. Department of Defense and
regulatory agencies that required suppliers to start tagging pallets or
items. My concern a year ago was that the combination of too much
talk and not enough action often results in a backlash that is as
unwarranted and sometimes more pronounced than the hype. I was
concerned that some executives who are not as close to technology
as I have been would be disappointed if the early experiences were
negative, and the backlash would slow down the adoption of this
important technology. 

Thankfully, the early experiences with the mandates have 
been remarkably positive, and now we can get on with the 
business of retooling business process and legacy information
architectures to take full advantage of the potential of remote
sensing and communication technology, of which RFID is one of
the first commercial instances. 

The phenomenon of industry hype in advance of a mature 
technology is so common the consultants at Gartner built a model
to describe it. The model is typically referred to as the hype curve,
which is shown overlaid with the adoption curve (see Figure 1). On
the hype curve a technology trigger is followed by positive hype
until it reaches the peak of inflated expectations, which is then 
followed by negative hype until it lands in the trough of disillu-
sionment, at which point the industry retrenches until positive real
results lead to the slope of enlightenment and finally the plateau

of productivity. On the adoption curve, which follows an S-shape,
discovery is followed by development where the industry then
moves to adapt both the technology and business processes until
things take off and ramp to maturity. Last year RFID was at the
height of the peak of inflated expectations on the hype curve and,
outside of a few notable examples such as highway transportation
where RFID is used to speed the flow of traffic on toll roads, still
slogging along through the development phase on the adoption
curve. Today, in my estimation, RFID and the related technologies
of autonomic sensors are just entering the knee in the adoption
curve just prior to ramp.

RFID apparently dodged the trough of disillusionment due to
some very hard work by IT professionals in the retail and consumer
packaged goods industry who, with some good fortune, were able
to make the first phase of the mandate work with positive results.
By the middle of the first quarter Wal-Mart had received over 23,000
tagged pallets and over 600,000 tagged cases, taken over 5 million
tag reads and was making RFID data available to suppliers within 30
minutes though its retail link extranet website. At case level, read
rates have exceeded 90 percent for cases on carts, 95 percent on
conveyors in distribution centers and 98 percent in trash compactors
in the back room of stores. There are still issues with reading RFID
tags on individual cases on fully loaded pallets, where read rates
were just over 60 percent. 

As exciting as these early results are, we are only at the end of
the beginning. The focus this past year has been on getting the basic
reader tag interaction to work, which was clearly a prerequisite to
making a complete solution, but now companies have to put the
data to work. Capturing value requires a focus on the business
process changes and modernization of the IT infrastructure to 
support them and history again suggests that this takes significant
time and effort.

These investments will enable the transformation of RFID data
into right-time, actionable information – which in turn can impact
four operational cornerstones:

The RFID Advantage
Tom Gibbs, Intel

Tom Gibbs is director of worldwide strategy and planning in the customer solutions group at Intel Corporation. Mr. Gibbs joined Intel in 1991. He held
technical marketing management and industry sales management positions with FPS Computing and Engineering Design and Development for airborne
radar systems at Hughes Aircraft Company. Mr. Gibbs is a graduate in electrical engineering from California Polytechnic University in San Luis Obispo and
was a member of the graduate fellowship program at Hughes Aircraft Company, where his areas of study included nonlinear control systems, artificial
intelligence and stochastic processes. He also served on the President’s Information Technology Advisory Council for open-source computing.

Adoption of RFID across industries has avoided the lowest points of the typical hype/
disillusionment curve that most new technologies experience. Now that implementation is
under way, the next step is to perform the thorough analyses required to achieve full value. 
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• Visibility – capturing and filtering accurate data throughout the
supply chain;

• Reaction – executing business rules in real time based on events
captured by the data and alerting the mobile workforce to han-
dle exceptions;

• Collaboration – sharing data in real time across firewalls; and
• Analysis – comprehending and acting on trends and events,

from the central core enterprise to all decision-making edges.

These steps may sound straightforward, but they require a detailed
understanding of the current business processes to understand
where visibility matters and what is required to react and/or 
collaborate. In my mind analysis will end up being the most nettle-
some and interesting area of development. Statistical analysis of 
real-time data as it is gathered is still a relatively new science in the
financial services industry and there are no proven algorithms such
as black shoals in financial services to guide industries looking to take
advantage of improved visibility to increase forecasting accuracy 
and operating efficiencies in industries from consumer packaged
goods, petroleum, pharmaceutical and healthcare. So while some
businesses are seeing value today, there is still a lot of work to do. 

Where Is the Value?
Before we dig into the hard work required to take full advantage of
RFID I have to answer the question about value. As the industry was
riding the curve of negative hype over the last year, questions about
value or the lack thereof were rampant. My answer is that there is
value everywhere, but not for everybody – yet. 

The last year or so a number of companies across multiple indus-
tries successfully completed pilots and early deployments with real

ROI in transportation and logistics, healthcare, discrete manufactur-
ing and even consumer packaged goods, which was the sector
prompting most of the questions. The root cause of most of the
questioning was that the mandates were applied to a relatively broad
cross section of suppliers, and many of those suppliers did not have
a business case to deploy RFID now.

Some suppliers have developed very efficient supply chains using
sophisticated processes to overcome the lack of visibility, or the
goods they shipped have such razor thin margins that any increase
in cost is hard to tolerate. In many of these cases with issues like out-
of-stock and shrinkage there are still multibillion-dollar problems, so
there is room for improvement, and RFID and remote autonomic
sensing technologies will help over time.

In the here and now companies like NYK Logistics, St. Vincent’s
Hospital and Avis are joining companies around the world to gener-
ate real business benefit.

NYK Logistics was recognized with a Computerworld Top Ten
award for use of wireless technology for applying RFID and wireless
notebooks to their workforce to improve productivity by 39 percent.
NYK is a global company with 11,000 employees in 320 offices in an
industry where productivity is critical to sustainable success. 

St. Vincent’s Hospital in Birmingham, Ala., completed a pilot
study last year that projected an ROI of 151 percent based on
increased patient turns. Patients were admitted and discharged
faster, and that means increased revenues. It also meant that soft
indicators of patient satisfaction and staff morale improved.

Avis, the global rental car company, uses RFID in fleet service
management. In this application the company equips each vehicle
with RFID sensors that are linked to a service and maintenance data-
base. Following each rental, the RFID tag is read automatically and, > > > 
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Figure 1 New Technologies Adoption and Hype Curve
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based on mileage and time of service, the system automatically
updates the records and sends a message to the service personnel
to perform the appropriate maintenance.

While companies are already benefiting from solutions that use
RFID, the technology is still maturing and businesses still have to
develop new processes to share data in a collaborative and secure
fashion along with new information technology architectures to take
full advantage. However, there is value today and in some business
cases there is no need to wait to deploy, as early pilots indicate. To
help provide some insight, I developed a simple model to indicate
where the combination of business case and technology adoption
should yield positive ROI.

Essentially for those businesses with high volume and high unit
margin or overhead cost there is opportunity to take advantage of
RFID now. As the cost of the building blocks comes down over time
the ROI potential will open up to more industries and businesses.
Accelerating the cost reduction through volume is one of the objec-
tives of the mandates, as well as the real-world application of new
business process.

Innovation Matters
If you look into any one of the multiple success stories with RFID as
a new technical capability you see companies applying innovation to
their value chain process. It should be clear that technology by itself
will generally not provide value. Value comes both from the appli-
cation of new capabilities of which RFID and sensor networks is one
important class, and the application of new business processes.
Companies that apply both of these will stand to do much better 
than the competition and realize comparative business advantage.

To support this generalization Deloitte Consulting LLP did a
detailed analysis of 300 large global manufacturing companies with
revenues ranging from $220 million to $10 billion or higher. Roughly
half of the respondents established a baseline of value chain process
and capability, and related profit margin. The analysis indicated that
37 percent of the respondents had greater value chain process com-
plexity with roughly the same level of capability such as unique IT,
and they were 17 percent more profitable than the baseline. The

analysis further showed that 7 percent of
the respondents had greater capability with
roughly the same level of complexity, and
they were 19 percent more profitable.

What is stunning from the analysis 
of this survey is that only 7 percent of 
the respondents exhibited innovation on
both the process complexity axis and the
value chain capability axis, and they were 
73 percent more profitable than the base-
line. The conclusion is clear – companies
that innovate with both process and capa-
bilities fare better, a whole lot better, than
their competition.

The question then becomes what to do
next, and that is where the going gets
tough and is a major cause of why only 7
percent of the manufacturing companies in
the survey by Deloitte pursue this level of

innovation. It requires considering human factors, process opti-
mization, new technologies and sources of data, new approaches to
information architecture where applications and data may need to
be treated in a different and flexible way and then considerations on
infrastructure where traditional approaches would be prohibitive in
cost and complexity. 

RFID and sensor networks provide outstanding value due to the
data they provide, but this also presents challenges to traditional com-
puting architectures, which are based on a much simpler data and
usage model. This is a primary impact of Moore’s Law, which states
that as devices get smaller and cheaper they become ubiquitous.
Moore’s Law is an empirical observation by Intel founder Dr. Gordon
Moore, who postulated in the mid-1960s that the number of devices
that could be economically placed on a silicon substrate would dou-
ble every 18 to 24 months. The law has held true for 40 years and
looks to have another decade before human ingenuity runs out of
steam. People often ask me, when will we see a 1-cent tag? My
answer is, it will be a long time before we can manage all the data. 

Moore’s Law has an interesting corollary, which is that the 
number of users per device is cut in half almost every 18 to 24
months, only the rate isn’t as smooth. For example, in the 1960s
when Moore first documented the law, the number of users across
a corporation per device – which would have been a mainframe
computer – was roughly 1000-to-1 because only large corporations
and governments could afford them. As the minicomputer became
a significant feature in the enterprise in the mid-1970s, the number
of users per device was reduced to 100-to-1. The personal comput-
er and workstation started the trend toward 1-to1 in the early 1980s,
but in the beginning only a very few workers had these devices. As
the PC ramped into the enterprise and some employees added lap-
top computers the number approached 1-to-1 in the mid-1990s.
With smart phones, RFID and sensor networks the number of devices
per user will shift toward one user per 1000 devices and this will have
a pronounced impact on information architectures if companies
want to turn the devices, processing power and data into value. 

The legacy architectures that may have worked with some
tweaks and band-aids as the industry moved from a usage per
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Figure 2 The RFID Value Proposition
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device model of 1000-to-1 toward 1-to-1 will not be able to 
handle the next move from 1-to-1000 without some significant
changes. RFID and sensor networks are adding to the overarching
trend of convergence of computing and communications that
along with continued penetration of the Internet has been 

causing another corollary to Moore’s Law, where data is doubling
every 12 to 18 months, raising the need for a simpler IT environ-
ment that is more cost-effective, flexible and secure. To help 
streamline this evolution we have developed a framework we call
the service-oriented enterprise (SOE). 

The Service-Oriented Enterprise
As I’ve discussed, the potential for information-age business trans-
formation through RFID and sensor networks is exhilarating. Yet it
can also be daunting. How can IT organizations effectively deal with
the explosion of data and systems complexity, satisfy the ever-more
stringent requirements for compliance, privacy and safety, all while
reducing costs?

Enabling the kind of transformation that will drive competitive
advantage requires a fundamental shift to innovative business
processes. These new processes must be supported by a modular,
manageable IT infrastructure based on a service-oriented IT frame-
work. An SOE provides automated assistance to set up and 
coordinate all of the interactions implied and required by highly 
integrated business systems. Through this orchestration of these
multiple systems, a service-oriented enterprise:
• Delivers software and data as services;
• Organizes hardware as virtualized resources;
• Uses autonomic data sources such as sensor-based and RFID

solutions;
• Supports occasionally connected or “mobilized” software appli-

cations; and
• Enables the same services to cross firewalls to provide availability

to customers, suppliers and distributors as needed.

Using a service-oriented framework, businesses can transform 
themselves by providing new capabilities, eliminating complexity and
simplifying systems integration and management. They also can
enable real-time, adaptable and agile IT organizations that can more
effectively compete in a challenging business environment.

“A service-oriented enterprise is really connecting business
processes in a much more horizontal fashion,” explains Martin
Brodbeck, Director, Global Application Architecture for Pfizer Inc.
“It’s having a federated infrastructure that provides an architecture
and security foundation to be able to run these components 
consistently across your enterprise.”

How can companies achieve greater service orientation? The first
step is to break their large monolithic solutions into flexible components,
otherwise known as services. These services can then be reconnected
in a loosely coupled manner, which enhances agility of the resources.
It’s important to use ubiquitous Web services and standard protocols
to connect everything for ultimate flexibility. Finally, services can be
reused whenever appropriate for maximum efficiency.

Intel’s vision for a true service-oriented enterprise is based on open
industry standards – for both hardware and software building blocks
– that are delivered as complementary, interoperable services that
interact via standard Web protocols. Intel is helping accelerate the
transition to SOE by designing its computing and communications
platforms to deliver new capabilities with greater end-user value and
benefit. In addition, Intel’s platforms support a range of new features
and technologies, ranging from multi-core processors to key silicon
technologies known as the “T’s” that enhance manageability, multi-
threading, security and virtualization.

Intel is actively supporting RFID at multiple levels, from building
blocks for readers to Itanium Processor-based servers to solution
services practices that focus on adaptive architectures that help
enable inevitable changes in business processes. Intel works with
leading software, hardware and service providers to bring the most
advanced solutions to our business customers.  ■

Early experiences with the [RFID] mandates have been
remarkably positive, and now we can get on with the busi-
ness of retooling business process and legacy information
architectures to take full advantage of the potential of
remote sensing and communication technology, of
which RFID is one of the first commercial instances. “ ”
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INTERVIEW Lowry Computer Products’ Mike Lowry explains the
capabilities of cutting-edge label technology.

ASCET: What is slap-and-ship labeling and what are its advantages and disadvantages?

ML: Slap-and-ship labeling is a term that has been coined by some folks in the indus-
try to describe the minimum system requirements for suppliers to meet the Wal-
Mart, Albertsons, Best Buy, Target or the Department of Defense compliance
mandate. The advantage of slap-and-ship is that first and foremost it enables
you to comply with the RFID initiatives of your major customers. Successful read
rates can be achieved by overcoming the physics of RFID for your product pack-
aging and plant environment, through tag testing, tag selection, tag location,
tag printing/encoding and tag reading. Companies such as Lowry have RFID lab
services whereby a company can send a select number of SKUs to the lab to
perform these services. By using a qualified RFID lab prior to placing any orders
for specific RFID tags and equipment, customers can be assured of a successful
quick start to their RFID compliance program. The only disadvantage is when
companies stop at slap-and-ship without experiencing the ROI that’s possible.

When you move beyond slap-and-ship and integrate the data throughout
your business processes, you will enhance communications throughout the sup-
ply chain, better plan production to meet the needs of the customer and begin
to see the real financial advantages and ROI. In addition, Wal-Mart is providing
some manufacturers with the opportunity for electronic payment based upon
the automated scanning of the goods by using the new RFID smart labels.

ASCET: Do you think the barriers to widespread adoption of RFID can be overcome
within the next few years?

ML: Yes, I do. One of the key barriers was standards, and with the adoption of the
Gen 2 standard in the U.S., I think that will enable the technology to move 
forward at a much faster rate. In addition, EPC has initiated a push to have the
Gen 2 standard adopted on a worldwide basis, as an ISO standard.

Also, now that we have an EPC Gen 2 standard, new tags and equipment
will be coming forward in the marketplace that will ensure interoperability
between suppliers’ products. Customers will have a wider choice of RFID
tags, readers and printers/encoders based upon a common standard versus
proprietary products that existed prior to the Gen 2 standard. The Gen 2
standard will also help drive down the cost of the new devices because of
the competition, as well as the volume opportunity that this new standard
will offer to the manufacturers of EPC Gen 2 products.

ASCET: Is security a primary issue with automatic data collection and wireless data
communication systems?

ML: Yes, manufacturers are certainly concerned with the integrity and protection of
their data, and consumers are concerned with a possible extension of data flow
that could reach into their personal lives. With the introduction of EPC Gen 2
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tags for labeling, there will be stronger controls in place
to protect against data tampering and data access. 

For manufacturers, Electronic Product Code
(EPC) Gen 2 tags can be password protected against
tampering. In order to write information to tags or dis-
able them, a password must be entered. Additional
security can be achieved by setting tags so they’ll only
communicate with authenticated readers. And the
readers can be configured to require a password
before they can communicate with the tags. Along
the supply chain, passwords can be established to only
allow select business partners or internal process users
to access tag data.

In order to satisfy consumer privacy concerns
about RFID, the retail and consumer goods industries
require that EPC tags can be disabled at the retail level
so that the tag data can never again be used or
accessed. These are just some of the ways in which
security issues can be met by using Gen 2 electronic
tags for data collection and communication. 

Bar codes can easily be copied, because it’s a
visual image. RFID data is more secure from counter-
feiters because of its uniqueness. Moreover, it’s con-
tactless, so if you’re moving large volumes of people,
you don’t have to swipe it.

ASCET: What are the latest trends and innovations in labels?

ML: In the sensor technology area, they’re looking at things
such as smart packaging that can sense temperature and
humidity, which can be very important to food and drug
supply. The military is using RFID technology in Iraq to do
a tremendous job of shipping the right product to the
right people at the right time. However, one of the things
that they found was their critical pharmaceuticals were
sometimes not kept within a proper temperature range.
Therefore, even with all the right logistics, the product is
potentially not useful. Sensor technology is going to be a
big breakthrough in situations where temperature is
important. In certain other kinds of frozen foods and ship-
ments, these types of labels can also be justified, because
you could have spoilage of an entire shipment. Even if the
product is frozen when it is received, that does not mean
that it has been frozen throughout the supply chain. With
sensor technology, lapses in temperature can be detect-
ed and recorded. The other impending breakthrough is
that GPS technology is being added to active tags (an
active tag is a tag with an associated power supply). So
now you’ve got worldwide location capabilities. The
labels are going to get very, very smart, and they’re going
to go beyond just being intelligent data carriers. With sen-
sor technology, the tags will be able to identify their envi-
ronment at every step in the supply chain.

We just can’t do all that with bar codes. Smart
labels in the marketplace today are primarily used on
pallets, cartons and case shipping, because you’re
dealing with larger volumes of items, and conse-
quently lower costs. The military, working with Savi,
has RFID with global positioning tracking on all of its
sea containers, and it’s been incredibly successful. The
Customs Department is currently exploring the use of
RFID for commercial container tracking security. We
will also see personal security checks with merchant
marines, truck drivers and other transportation work-
ers who transport hazardous materials, including
gasoline trucks, or other materials that could poten-
tially be used by terrorists as bombs. Identity and
tracking information will be stored on ID documents
and labels that can verify that the people transporting
goods are in fact who they are supposed to be, and
that there has been a background check prior to these
folks performing their duties.

ASCET: Are there other breaking technologies or processes
that are interesting to you right now?

ML: The FDA is seriously studying recommendations for the
use of RFID technology for drug anti-counterfeiting at
the item level. The FDA estimates that up to 40% of
pharmaceuticals shipped from countries such as
Argentina, Colombia and Mexico may be counterfeit.
Two hundred thousand bottles of Lipitor valued at $55
million were recalled in the U.S. in 2003 because they
contained fake pills. If the FDA does issue pharmaceuti-
cal RFID item-level mandates on certain products, this
will be the first item-level mandate for EPC. Item-level
labeling could push the EPC label usage into the billions
of labels per year. 

The airline industry is actively involved in RFID
baggage handling initiatives. Delta plans to spend $25
million to get an approximate $100 million a year sav-
ings due to the costs associated with lost baggage.
The auto industry is using RFID labels to comply with
the Tread Act for tire tracking that Congress passed
because of the rollovers associated with defective tires
produced at certain manufacturing plants. The FDA is
also considering the use of RFID for new food safety
requirements. The food industry is looking at active
RFID with sensor technology for cold chain integrity of
perishables. This application could instill a new level of
confidence to retailers, by assuring that proper tem-
peratures were maintained for temperature-sensitive
items in their supply chain.

As you can clearly see, adding intelligent elec-
tronics to the label enables us to go beyond where bar
codes have taken us to date. RFID technology could be
even more ubiquitous than bar codes in the future. ■



One benchmark for success is how rap-
idly and accurately you can access and

disseminate all pertinent data throughout
your supply chain. Since 1978, Lowry has
been a leading full-service provider of 
automatic identification and data capture
solutions to supply chain markets. Lowry’s
broad range of solutions is precisely tailored
to the standards of many specific industries
such as consumer product goods, automo-
tive, food and drug, electronics, healthcare
and the U.S. government.

Lowry’s nationwide team of experts cost-
effectively delivers the technology, integration
and services that thousands of customers rely
on to enhance performance, reduce costs and
increase customer satisfaction. Customers rely
on Lowry as a one-stop source for: 

Supply Chain Execution. The keys to any
manufacturer’s profitability are quick response
to market demands, anticipation of market
conditions and improvement of operational
efficiency. The power of Lowry’s technology
offerings enables collaboration among supply
chain partners and harnesses vital information
to streamline the supply chain. 

ERP and CRM Integration. Enterprise
resource planning and customer relationship
management systems have expanded
beyond the assembly line into every facet of
the manufacturing supply chain. Lowry
extends the power of your information sys-
tems through industry-specific solutions that

capture, compute and effectively communi-
cate information in real time.

RFID/EPC Solutions. In order to help
customers meet mandates from major retail-
ers and the Department of Defense, Lowry
provides a complete supply chain radio fre-
quency identification (RFID) solution. When
compared with first-generation bar code
technology, RFID label technology is wireless,
contactless and does not require line of
sight. In an electromagnetic field, data can
be captured directly from Lowry’s Smart
Trac™ labels without human interface.
Lowry offers a complete RFID solution that
includes smart labels, automated labeling
systems and all necessary RFID hardware. 

Wireless Solutions. Through innovation
and industry standards, wireless LAN and
WAN products and technologies integrate
seamlessly with your existing wired environ-
ment. Strategically placed access points 
create a wireless bridge between your wired
LAN and any number of devices, including
PC-compatible computers and printers,
handheld computers and portable data ter-
minals with integrated scanners. A Lowry
high-performance, wireless LAN solution
ensures that information is always where it
needs to be.

Enterprise Printing and Services.
Whatever the printing needs of your organi-
zation, Lowry offers a complete line of best-
in-class bar code, thermal, line matrix and

RFID printers and installation services.
Immediate access to printed materials can
now be provided at the locations where they
are required.

Knowledge Powers 
Your Enterprise
Successful supply chain management
depends on accurate and timely data from
numerous sources within the supply chain.
Lowry provides professional systems 
integration services, best-in-class hardware
and software products, automated labeling
systems and technical support to help you
implement cost-effective and complete tech-
nology systems. 

Lowry can help you achieve real-time
access to information. You can count on
reduced inventories, increased efficiencies,
fewer errors, accurate shipments and timely
staging across the supply chain. It all adds up
to faster, more reliable data flow and a more
profitable operation.

Automated Labeling 
Increases Productivity
Lowry’s Paragon Labeling Systems Division
offers a complete line of modular, automat-
ed labeling systems that provide ideal solu-
tions for labeling anything from small,
individual products and delicate packaging
to large shipping cartons, cases and pallets.
Paragon is committed to engineering and
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manufacturing quality products that can be
easily set up, used, maintained and upgraded.

In addition to standard apply-only and
print-and-apply systems, Paragon’s PLS-440
system prints, encodes and applies labels to
cartons, cases and pallets for RFID applica-
tions. This system verifies each tag, and any
tag that cannot be verified is rejected and
remains on the waste liner. Due to Paragon’s
modular construction, customers can choose
print-and-apply initially, then migrate to RFID
as technology needs change.

Paragon sets a new standard for precision
engineering combined with cost-efficient pric-
ing. All of its labelers are compact enough to
fit into any operation and flexible enough to
integrate into any automated packaging line.
The modular design of Paragon’s automated
labeling systems ensures compatibility with
future technologies and applications.

Full-Service Label Offering
A label often reflects the quality and benefits
of your company and its products. Appearance
is extremely important, but it isn’t your only
concern when selecting a label manufacturer.
Lowry has over 25 years of in-house experi-
ence helping customers solve their labeling
needs, including Smart Trac™, Digital Trac™
and Quick Trac™ labels.

Our Lowry Labeling division staff has the
knowledge and product expertise to ensure cus-
tomers receive high-quality labels and tags that
meet their application requirements. Best of all,
we offer our customers short turnaround times,
as well as competitive pricing and quality prod-
ucts. Strategic partnerships with the industry’s
leading material suppliers improve our opera-
tional efficiencies.

Lowry utilizes best practices in our opera-
tion and, in turn, passes the savings along to
customers. From our art department to 
customer service, from press operators to the
shipping department, everyone within the
organization is committed to making your
order run smoothly. It’s a commitment that
shows in the superior quality, reliability and
performance of our labels, tags, ribbons and
other supplies.

Lowry Professional Services
Lowry’s Professional Services group is experi-
enced in all areas of data collection equip-
ment, industrial processes, and RFID, bar code
and labeling applications. Tailoring solutions
to fit organizational needs, this team provides: 

Professional Consulting. Lowry offers a
full range of professional consulting services, not
only for solutions within the enterprise, but also
beyond the main scope of the enterprise. Risk
analysis assessment ensures Lowry customers
maximum utility and productivity while mini-
mizing unnecessary exposure and loss. As a
technology leader, Lowry has in-depth best
practices in a variety of disciplines and industries.

System Design and Integration. Lowry
has standardized its process for investigating,
quoting, designing and implementing cus-
tomer-specific hardware and software systems
in accordance with specific industry best prac-
tices, our own continuous improvement
methodology and regular customer follow-up.

System Installation. Lowry’s professional
services organization offers a complete range
of system installation services to meet cus-
tomer requirements for RFID, data collection
and wireless communication systems. On-site
assistance in network cabling, software instal-
lation, startup, host connection, terminal and
network configuration, testing and documen-
tation of the wireless network are all part of
our total solution delivery.

Custom Software Development. Some-
times customer needs cannot be met with
hardware and off-the-shelf software alone.
Following our standardized process for 
application development, Lowry can provide
custom solutions for a wide range of industry
needs.

Project Management. Project manage-
ment encompasses the activities required to
plan, coordinate and manage all aspects of a
project from concept to production. Project
management from Lowry Computer Products
provides you with single point-of-contact coor-
dination and ensures timely communication
and change management. Our professional
processes ensure that the work of each phase
is completed effectively and efficiently. ■
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This high-technology company is a
national manufacturer and integra-
tor, providing customers with solu-
tions that are in the vanguard of
technology, equipment and indus-
try compliance.
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Maximizing Fleet Effectiveness
Brooks Bentz and Peter Clarkson, Accenture

Whether you are the U.S. Postal Service, a major city, state
agency or a public utility, effectively and efficiently managing

your heavy vehicles and equipment fleet can drive substantial cost
savings and service improvement for your business. Fleet manage-
ment and fleet operations have generally not been viewed as ripe for
innovation by nontransportation businesses – many of which tend
to focus on optimizing other, more readily visible stages of the 
supply chain. So it may not seem obvious that improving the effec-
tiveness in managing fleets of nontransportation organizations,
when approached rigorously, can contribute to achieving high 
performance and improving stakeholder value. 

However, consider the following: leveraging our industry expert-
ise and business experience, Accenture has embarked on a major
program to identify the characteristics of the high-performance 
business. As part of that effort, Accenture has aligned supply chain
mastery behaviors with operational performance drivers to signifi-
cantly enhance fleet operations. These include adopting leading-
edge practices and technologies and executing effectively against
defined goals and metrics. In our experience, most organizations
that do not primarily focus on transportation are missing the 
opportunity to apply leading practices and operational rigor to drive
significant improvement in overall fleet management. Rather, these
organizations lean more toward traditional practices and business-
as-usual approaches.

For many, the results are suboptimal fleet management 
practices and operations with a list of poorly performing character-
istics. This is particularly true of many specialized fleets that 
we typically find in utilities, government agencies, construction
companies, etc. Fleet asset utilization is not typically tracked or
measured, which leads to missed opportunities for cost savings 
and value enhancement. These missed opportunities can result in
organizations having more vehicles than necessary; having higher 
operating and maintenance costs; and still not always having the
right vehicles for the job, in the right place and at the right time.
Standards and specifications for these fleets also have typically
grown out of control, making internal maintenance and repair 

programs difficult to manage and driving procurement costs to
unnecessarily high levels. Decision support technology – necessary
to understand these costs and rigorously evaluate alternatives – 
is rarely adopted. Additionally, without this technology, it is difficult
to understand usually fragmented fleet costs, which lead to 
problems in trying to adequately and accurately assess operating
efficiency and evaluate outsourcing opportunities.

By challenging the way vehicle and equipment fleets have been
traditionally managed and run, executives can identify exceptional
opportunities to create an integrated fleet management strategy.
This strategy, supported by carefully structured business processes
and enabled by technology, can offer near-term benefits of cost-sav-
ings and improved service. But more than these substantive poten-
tial early benefits, the development of a sustainable, re-engineered
process can have results far into the future of a high-performance
organization. Such far-reaching and effective initiatives have the
long-term effect of freeing up scarce capital while producing sus-
tainable reductions in operating costs.

Total Cost of Ownership Takes Center Stage
Accenture has deep experience in working with leading private and
public-sector fleet management executives in what we call “maxi-
mizing fleet effectiveness.” Our approach to fleet effectiveness
focuses on ensuring that an organization’s fleet has the right number
of vehicles designed and engineered to perform the right jobs at 
the lowest total cost of ownership (TCO) – which encompasses 
vehicle procurement, operations and maintenance, along with 
disposition and replacement – as measured by the appropriate
metrics and key performance indicators (see Figure 1). 

Conventional approaches to fleet management operate as tra-
ditional silos related to buying, operating and maintaining, and ulti-
mately disposing of vehicles. Accenture’s innovative approach
maximizes fleet effectiveness by managing across functions to the
lowest TCO. The approach puts fleet management within the con-
text of an organization’s overall supply chain performance. That is
why we view TCO as one integrated and continuous process that can

Brooks Bentz is a partner in the Accenture Supply Chain Management practice. He has helped fleet operators across various industries analyze and manage
fleet effectiveness, cost-to-serve, vehicle pooling and procurement practices, as well as reduce operating costs. Based in Boston, he can be reached at
brooks.bentz@accenture.com. Peter Clarkson is a partner in the Accenture Government practice. He has worked with a number of government agencies
and organizations to help them implement enterprisewide systems and processes to deliver enhanced operational effectiveness. Based in Washington,
D.C., he can be reached at peter.h.clarkson@accenture.com.

Public- and private-sector organizations alike should not overlook the impact of
maximizing fleet effectiveness to achieve high performance.
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be colloquially referred to as “buy smart, deploy smart, run smart,
sell smart.” Our experience shows that executing at a level anything
short of this drives up fleet operating and capital costs and dimin-
ishes performance and stakeholder value.

Buy Smart, Deploy Smart, 
Run Smart, Sell Smart
Organizations looking to maximize fleet effectiveness need to start
by evaluating their existing fleet. This includes analyzing the types of
vehicles and their utilization and operating costs; reviewing the
administrative and operating practices related to procurement,

deployment, maintenance and disposition; and determining replace-
ment scheduling. 

The first step is to conduct a right-sizing exercise to determine
if the fleet’s size and makeup is appropriate to the function it is
intended to perform. This will typically identify potential surplus
vehicles that show a pattern of low usage. While not all low-usage
vehicles are good candidates for disposition, the key outcome 
of this step is documenting the value that each vehicle brings to
your organization.

The resulting ability to rationalize vehicle classes, standards and
specs will help drive out excess costs. This often is facilitated by a
standards and specifications committee – field-operating and fleet

management experts who work together to develop a simplified,
standardized fleet configuration with the highest possible volumes
assigned to each class of vehicle.

Deploy Smart
Your deployment capabilities are a critical input to customer service
and satisfaction. This step involves ensuring that sufficient vehicles,
with the right specifications and capabilities to perform the required
work, are ordered properly and delivered on schedule to meet the
demands of the field organization responsible for their use. This is
driven by appropriate management of your fleet’s life cycle, the out-
come of which is a calendar that provides the replacement order
cycle times (charting what vehicles should be replaced and when) for
all vehicle classes.

Run Smart
A comprehensive review of maintenance and repair practices is also
needed. This review examines everything from inventory on hand
and vendor management, to mechanic productivity and shop 
facility costs. The focus of the review should be on establishing a 
reliable baseline of costs and getting a good handle on whether the
operation is running efficiently and effectively versus what could be
accomplished by third-party providers. 

Sell Smart
Selling smart – discarding vehicles identified as surplus or end of
useful life – is very important to life cycle cost management
because of its role in maximizing residual value (culling vehicles
when the most cash can be gleaned, typically through wholesale
vehicle auctions). One way to sell smart is to track the commer-
cial value of vehicles being sold. This will often influence your
approach to standards, specs and future purchases at the begin-
ning of the cycle, which can enhance marketability at the time 
of disposition.

Once you understand your optimal fleet size, operations, 
maintenance costs and service profile, it’s time to assess whether 
it makes sense to evaluate outsourcing options – and on what 
component of the business. Typical candidates that can be consid-
ered are maintenance and repair activities, warranty management,
parts inventory management and routine fleet administrative 
tasks, such as titling, licensing and registration, as well as disposi-
tion management.

While all of these aspects of buying, selling and running smart
are critical to successful fleet management, the program still must
be rigorously implemented. Only then are the true benefits realized.
This also is the hardest, grittiest, most detail-oriented, painful and > > > 

Total Cost of Ownership

Procurement
Average  
procurement cost  
per vehicle  
(by class)

Operations & 
Maintenance
Average maintenance 
& repair cost per mile 
(by class)

Disposition & 
Replacement
Average residual 
value (by class)

Buy

Run

Deploy

Figure 1 Lowest total cost of ownership is driven by an integrated,
holistic approach to core functions of fleet management 
(with sample metrics).

Fleet management and fleet operations have generally not
been viewed as ripe for innovation by nontransportation busi-
nesses – many of which tend to focus on optimizing
other, more readily visible stages of the supply chain.“ ”
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demanding part of fleet re-engineering and often the downfall of
programs large and small.

Comprehensive Fleet Re-Engineering, 
High-Performance Results
Most organizations do not undertake a comprehensive fleet re-engi-
neering program all at one time; rather, they focus on developing a
coordinated and well-defined program that enables them to start
achieving noticeable and high-value steps. In this way, they can
implement a fleet management effectiveness program in pieces and

parts as time, resources and budgets permit. An example might be
rationalizing vehicle classes and specifications, and then following
through with a strategic sourcing program for vehicle acquisitions.

The advantage of taking such an integrated approach is that a
level of continuity and momentum is achieved that, once executed,
can carry the program for years to come and provide optimum fleet
efficiency – essentially building a new corporate culture of excellence
in fleet and equipment management in their organization.

An example of an organization that took this approach illustrates
the impact that can be generated through an integrated fleet 
management process. As part of its ongoing efforts to become a
high-performance business, a large utility with a national scope of
operations recently undertook a comprehensive fleet management
effort in partnership with Accenture. This project combined the tasks
of re-engineering fleet standards and specifications, while execut-
ing a companywide strategic sourcing initiative that led to single-
sourcing with one vehicle manufacturer. A relatively modest
investment has generated dramatic savings to date. Accomplished
over six months, the program’s achievements include:
• More than 20 percent reduction in the cost of acquiring vehicles;
• A drastic reduction in vehicle classes, from 450 to 32 in the core fleet;

• Standardization of vehicle life cycles;
• Improvement in maintenance and repair practices; and
• Additional savings in administrative costs.

These kinds of dramatic results are not unusual when Accenture 
has collaborated with companies to help them maximize fleet 
effectiveness. Furthermore, the development of a sustainable, 
re-engineered process can have results far into the future – includ-
ing freeing up scarce capital while producing sustainable reductions
in operating costs. 

Moreover, the application of GPS technologies and predictive
monitoring techniques to the tracking, deployment and mainte-
nance of vehicle fleets is just around the corner. In fact, we are 
currently conducting a pilot with Metro St. Louis (one of the United
States’ top municipal organizations) to incorporate a predictive mon-
itoring system for its bus fleet. The buses’ operating data, which
comes from the sensors on the bus, are compared with healthy 
operating models to enable a shift from preventative maintenance
to predictive maintenance – extending maintenance intervals, 
reducing costs and optimizing inventory and labor scheduling.

Organizations should look for similar opportunities to maximize
their fleet effectiveness. Those that have an established fleet 
management process in place are positioned to seize the next
generation of innovative solutions and accelerate their journey to
high performance. ■

This article is adapted from “Maximizing Fleet Effectiveness” by
Brooks Bentz and Kris Timmermans in Pushing the Envelope, a
thought leadership initiative focused on the revolution in business
and technology within the postal industry. Published by
Montgomery Research © 2004. 

By challenging the way vehicle and equipment fleets have
been traditionally managed and run, executives can identify
exceptional opportunities to create an integrated
fleet management strategy.“ ”
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RFID in the News
Pick up a newspaper today and RFID is in the headlines. We are not
just talking about trade publications, but some of the nation’s lead-
ing newspapers, including the Wall Street Journal and the New York
Times. Airlines are using RFID in the travel and transportation indus-
try. Delta Airlines has announced plans to invest $25 million in RFID
to track baggage in an industry that handles over 2 billion bags
annually. McCarran International Airport in Las Vegas handles 
nearly 70,000 passengers and more than 460 flights each day, mak-
ing it the seventh busiest airport in the country. McCarran made the
commitment to improve customer safety and satisfaction, as well as
meet the U.S. Transportation Security Authority mandates for
screening all passenger bags by utilizing RFID tags. RFID tags are
printed and attached at the ticket counter. Each tag carries a unique
identifier that is read by RFID readers while the bag is transported to
conveyor belts to route it to screening machines and then on to the
appropriate plane. The new system provides McCarran with nearly
100 percent accurate baggage tracking as well as end-to-end asset
visibility. Despite ever-growing airport traffic, officials are reporting
a continuous and significant increase in passenger satisfaction. The
new RFID baggage handling and tracking system is helping reduce
operating costs while it provides an effective system for enhancing
passenger security.

The U.S. State Department will soon begin issuing passports
with RFID chips embedded in the passport cover. These chips
would store basic data including the passport holder’s name, date
of birth and place of birth. The chip, smaller than the width of 
a human hair, could also store biometric data, including digital
fingerprints, photos and iris scans. This would allow immigration
officials to compare the information on the chip to the rest of 
the passport and to the person actually carrying it. In addition,
several states have begun discussions about attaching RFID tags 
to driver’s licenses.

What began in the supply chain, with the announcement of the
Wal-Mart and Department of Defense compliance mandates, has
expanded to other retailers and other industries. Target is expecting

all of its vendors to ship RFID-tagged pallets and cases by spring
2007. Kroger, CVS and other big retailers are also preparing to
launch full-fledged mandates of their own. In the “do-it-yourself”
industry, Lowe’s, Ace Hardware and Home Depot are all testing RFID.
In consumer electronics, Best Buy announced that its major suppli-
ers will need to tag cases and pallets by 2006. In Europe, Germany-
based Metro Group, the world’s third largest retailer, along with
France-based Carrefour Group and U.K.-based Tesco and Marks &
Spencer, are driving RFID adoption.

With all of the push to implement RFID, why are so many people
telling us that there is no business value for RFID beyond the Wal-
Mart and Department of Defense compliance mandates? In reality,
RFID can and will yield immediate results for adopting enterprises.
Let’s take a quick look at the anticipated business value that Wal-
Mart will derive from its RFID implementation:
• Eliminate labor to scan bar codes on cases and pallets;
• Provide on-shelf monitoring to decrease stock-outs on selling

floor;
• Provide product visibility to reduce product shrinkage and

vendor fraud; 
• Track 1 billion pallets, which will decrease distribution center

costs; and
• Provide inventory visibility, which will allow for an estimated 20

percent reduction in inventory levels.

For Wal-Mart, the most immediate benefit is the labor savings
achieved during the receiving operation. During the receiving oper-
ation, the expected receipts contained on the advanced shipping
notice (ASN) are matched against the receiving detail that is auto-
matically read by RFID at the receiving dock door. The system then
uses the actual receipts to automatically generate put-away or cross-
docking instructions for the received product.

Many analysts feel that labor reduction will deliver the most sig-
nificant value to the enterprise. However, the elimination of stock
outs can deliver enormous value to an enterprise’s bottom line and
to its shareholder value. Not only can the elimination of stock-outs

Beyond Fulfillment: The Business Case for RFID
Irving S. Chernofsky, Oracle

Irving S. Chernofsky is the product director of applications marketing, focusing on Oracle’s fulfillment/supply chain execution applications. Before joining
Oracle, Mr. Chernofsky was vice president of the supply chain solutions division for Real Time Integration. He was previously a research director at Gartner.
Mr. Chernofsky is a frequent speaker at industry events and has a B.S. degree in computer science from the City College of New York.

Radio frequency identification is an emergent player in the business environment.
Enterprises can achieve significant business value by utilizing RFID – or be left behind in
the RFID revolution.



increase sales, they have the added potential of having your product
on the shelf while the competitor’s product is absent – a first step in
generating brand loyalty.

Where Can You Find Business 
Value for Your RFID Implementation?
The value proposition for your company will depend on whether
you are in an industry that is moving rapidly toward broad adoption
of RFID, such as automotive, consumer packaged goods and retail, 
or one that is moving slowly, such as engineering and construction.
Within the automotive industry, RFID provides improved inventory
visibility throughout the entire manufacturing process. This improved
inventory visibility supports optimized internal assembly operations,
allowing for easier vehicle customization. RFID can support
automated work instruction display based on the arrival of the
assembly unit at a workstation, or RFID can actually drive the robot-
ic processes by providing the assembly instructions, such as paint
color, directly to a robotic spray unit. 

Within manufacturing environments, RFID can reduce safety
stock and inventory levels by maintaining a perpetual inventory 
of all work in process (WIP). The utilization of RFID at the assembly
completion point of the production line allows for the automation
of the line supply process. As completed assemblies pass an 
RFID reader at the end of the production line, the system will auto-

matically decrement components from WIP and order additional
components from reserve inventory, thereby lowering order cycle
time and eliminating line stoppages. In addition, RFID can also
support automated data capture of lot and serial numbers. 

Within the automotive industry, RFID-sensor-based technology
is being utilized to improve vehicle safety and performance. RFID 
sensors can be used to monitor tire pressure, engine temperature,
coolant temperature, tire wear, brake wear, fluid levels and so on,
then transmit the information to the driver.

The benefit of RFID in other industries is just as compelling. In the
pharmaceutical industry, RFID will prove very beneficial, especially in
the following key areas: 
• Product counterfeiting: Drug counterfeiting is a serious health

issue, particularly in poorer regions of the world. Each dosage
unit would have a unique EPC that allows it to be authenticated
at any point in the supply chain by querying against a database
that identifies all authentic units of the drug.

• Product recalls or track and trace: In the event that a product
recall is initiated, pharmaceutical organizations would be able to
respond more efficiently and quickly in identifying the recalled
product. The EPC allows information about a drug’s current loca-
tion, all historical locations, the time spent at each location,
record of ownership, packaging configurations and environ-

mental storage conditions to be recorded and accessed by all
supply chain partners.

• Product diversion: Diverting drug shipments from low-cost
regions to high-cost regions costs pharmaceutical organizations
millions of dollars each year. Positively identifying shipments and
tracking them to their intended destinations could significantly
reduce the size of the “gray market.” For diverted drugs, RFID
can help to identify the source of diversion.

• Patient safety: By combining RFID-tagged drugs with other
positive identification measures (such as patient identification
and unit-of-dose bar coding) the FDA estimates that most of the
1.25 million adverse reactions and 7,000 patient deaths annual-
ly in the U.S. due to drug errors could be prevented.

In the healthcare industry RFID can be used to provide the follow-
ing benefits: tracking expensive assets such as wheelchairs to
reduce asset shrinkage; execute asset location management for
critical equipment such as crash carts and portable IV units; 
RFID-enabled patient wristbands can facilitate patient tracking, as
well as contain patient medial records and medication history; 
hospitals can increase revenue through improved tracking and
billing of hospital products and services; and RFID-enabled 
pharmacy cabinets can provide increased accountability and secu-
rity of pharmaceuticals.

In the consumer packaged goods industry, RFID can be used to
reduce labor costs at receiving docks by automating the receiving
reconciliation process. RFID can be used during the order picking
process to automatically capture both lot information, in order to
improve product recall capabilities, and serial number information,
as a means to improve warranty tracking as well as to reduce fraud-
ulent consumer returns.

In other industries, logistics and transportation RFID can be uti-
lized to support high-volume yard management operations, cross-
dock management, container-yard management and shipping-yard
check-in and check-out. In aerospace and defense, RFID can be
used in aircraft configuration management and to reduce labor in
parts tracking, tools tracking and calibration and maintenance his-
tory recording.

In the supply chain, improved inventory management tops the
list of benefits; other advantages include reduced product tamper-
ing and counterfeiting, reduced theft, easier product tracking, auto-
mated product replenishment and improved collaborative planning.

There is significant value to be obtained from implementing an
RFID solution, and RFID is for real. It will affect every large and mid-
size company that makes, transports or sells products, and it will
affect almost every industry. The adoption of RFID technology is
inevitable, and its transformational promise will be huge.
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[RFID] will affect every large and midsize company that
makes, transports or sells products, and it will affect almost
every industry. “ ”
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What Should a CEO Do Today? 
Most companies have taken a wait-and-see stance toward RFID adop-
tion either because of lack of education about the technology or an
inability to separate the hype from the reality. Yet CEOs around the
world are slowly waking up to the fact that RFID is coming and that they
cannot afford to ignore RFID in their supply chain. To explore and fully
understand the impact and value that RFID and sensor-based solutions
can provide, companies should evaluate their business processes to
determine when, where and how RFID can be applied. If such an eval-
uation suggests that the technology can benefit the business, the next
step is to develop a road map for RFID implementation (see Figure 1). 

RFID Compliance
For suppliers that need to meet customer compliance mandates, a
good place to start is with an RFID compliance enabler. The RFID
compliance enabler allows suppliers to ship RFID-labeled cases and
pallets to customers who have issued RFID and EPC mandates. This
flexible solution supports processes that print RFID labels during the
picking or shipping process and generates ASNs for transmission to
the trading partner.

An RFID compliance enabler can be used alone or it can be 
integrated with any existing ERP, WMS or other legacy system, and
should offer the following functionality:
• Data import and validation – Import ASN data from any sys-

tem into the RFID compliance enabler via database tables, XML
or Web services. Provide automatic validation and manual cor-
rection of imported data.

• EPC generation – Generate EPCs based on a set of configurable
rules. Supports GTIN, SSCC and configurable encodings (e.g.,
64-bit, 96-bit, etc.).

• RFID label printing – Print RFID labels with EPC data for out-
bound shipments. RFID compliance enabler generates XML to
drive the label printing process.

• Verification – Verify all cases are on pallet for shipment. Read
EPCs of shipments to track cases and pallets. If extra cases are
read or not “enough” cases are read, an error notification is
delivered to response devices.

• Data export – Export updated ASN. Flexible export formats
include database tables and XML files.

RFID Pilot
The next stage would be to pilot RFID. This allows you to capture and
analyze data out of the box, test new devices and filters and perform
custom and advanced data analysis. From there you can develop RFID-

enabled applications and integrate RFID
data into existing applications. Piloting
the RFID application in a controlled envi-
ronment is highly recommended as this
will focus attention on this high-visibility
project and will also allow for an accurate
assessment of the actual impact to the
organization. In addition, the RFID pilot
allows for the minimum disruption to
ongoing operations. Remember to test
all aspects of the business case – hard-
ware, software and processes.

RFID-Enabled Applications
Next is to implement an RFID-based
application. Today, one of the most
common RFID-enabled applications 
is warehouse management. Since
warehouse management systems cur-
rently utilize bar code technology to
track the movement of pallets and
cases into, throughout and out of
warehouses and distribution centers,

they lend themselves directly to the implementation of RFID tech-
nology. RFID-initiated receiving can provide an automated receiv-
ing reconciliation process by comparing the actual physical pallets
and cases received as they pass through an RFID portal on the
receiving dock to the ASN. RFID-initiated shipping can automati-
cally create both a trailer manifest and the outbound ASN by read-
ing the RFID tags on the cases and pallets being shipped as they
pass through an RFID portal on the shipping dock. 

Another application that can benefit from RFID enabling is invoice
reconciliation. One of the most time-consuming and costly processes
that retailers and consumer goods manufacturers engage in is invoice
reconciliation. RFID could help with invoice reconciliation by providing
serialized tracking of products. In this environment, when a retailer
reports a missing case to the manufacturer, the retailer would be 
obligated to report exactly which serial number is missing. If the 
manufacturer sees this serial number show up at the retailer, it will
know that the mistake was actually made by the retailer.

The Bottom Line
RFID will be pervasive. CEOs must define and articulate a supply
chain strategy and focus not just on today, but also on tomorrow,
because RFID is a long-term investment proposition. ■

In
cr

ea
si

n
g

 B
en

ef
it

s

Increasing RFID Adoption

RFID
Compliance 

Compliance Application with adapters to Wal-Mart,  
DoD, Metro, Target, etc.

Print RFID Labels, Generate ASNs

Pilot, Prototype and Test RFID in 
Lab or Warehouse

Run with Leading RFID Tags and
Readers 

Start Small and Grow – Leverage Existing Investments 

RFID
Pilot

Sensor-based
business processes:
WMS, TMS, MFG, 
EAM, CMRO  

RFID
Applications 

Verify Shipments with RFID Readers 

Figure 1 The RFID Road Map



144 ASCET

This white paper addresses significant issues around emerging
auto-identification technologies, such as the strategic approach

and business process changes. As Figure 1 illustrates, a clear and pre-
cise view of auto-identification technologies and their impact 
provides the basis for a discussion of how these technologies will
shape our future, and how they will fundamentally change existing
strategies, business processes and information systems.
GlobeRanger has formulated a vision for auto-identification tech-
nologies – they will lead to the proliferation of smart networks of
connected items at the edge.

This vision expresses our belief that we will soon witness the
emergence of item-level traceability throughout supply chains facil-
itated by machine-to-machine communication before, during and
after their usage, and real-time data and event management 
capabilities that allow for true exception management. Ultimately,
with the advent of pervasive computing enabled by wireless sensor
networks, new supply chain capabilities will evolve for proactive
intervention in case of unintended and unwarranted events. RFID
and sensor-based technologies will allow consumers to experience
drastic improvements.

RFID, Wireless Sensor and Mesh Networks:
Moving the World to the ‘Edge’
According to Andy Grove, former chairman of Intel Corp., there are
strategic inflection points in businesses, technologies and the life of
a company. These inflection points are a “convergence of forces
making sudden and rapid change inevitable,” and they create “full-
scale changes in the way business is conducted.” By this definition,
the next inflection point could be RFID when deployed in combina-
tion with wireless sensors. Tagging and sensing everything from tires
to hospital equipment to clothing is expected in the next few years.
This change, which will impact current supply chain operations and
the logistics associated with moving goods, includes a set of new
standards, the proving of the business case, adoption by key com-
panies and delivery of new technologies linking the supply chain.

EAN International, the Uniform Code Council and the
International Standards Organization are legitimizing a set of glob-
al standards for product identification, effectively signing off on a
number of technologies that will launch one of the most important
revolutionary shifts in business history. This will allow all participants
in the supply chain to know where a particular product began its life,
where it has been and its current location. The underlying technol-
ogy, RFID, has been around for several decades in a variety of forms.
However, it is the new generation of low-cost RFID tags and readers,
combined with emerging software solutions, that has the potential
to deliver unprecedented value for supply chain management. 

With the imminent adoption of a global set of standards, the
advent of radically lower-cost RFID technology, and ever-increasing
demands for a very lean worldwide supply chain, Fortune 500 com-

The Smart, Sensor-Based RFID Network
George Brody, GlobeRanger Corp.

George Brody is founder and chief technology officer for GlobeRanger Corp., where he is responsible for the overall strategy, growth and advancement
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Items tagged with sensor-based RFID coupled with new software technology are poised
to connect, integrate and expand tracking information across the supply chain network.
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Figure 1 Auto-Identification Technology Framework
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panies are starting trials and implementing RFID solutions. In the very
near future, RFID will be used throughout the supply chain because
companies desperately need a fast, efficient and cost-effective way
to collect accurate and relevant data for real-time decisions. 

The corporate world has been diligently cutting costs in supply
chains and business operations for years. In the quest for improve-
ment, businesses have invested in tools and systems that optimize their
processes, and they have made significant progress in areas that they
can measure. However, limited visibility and significant delay of infor-
mation between what is actually happening with physical goods and
enterprise systems have constrained further efficiency improvements.

Information from the supply chain is typically captured through
manual, error-prone processes. If everything always went according
to plan, the visibility of inventory in motion would not be an issue,
and enterprises would have accurate, relevant information for plan-

ning and decision making. However, exceptions occur with almost
every transaction. When the true status of inventory and orders falls
out of alignment with what the enterprise system expects, decisions
are made based on out-of-date or inaccurate data, negatively
impacting revenue, customer satisfaction and inventory manage-
ment. Today’s inefficiencies cause a number of problems, including
out-of-stocks, lost sales, expedited shipments, production slow-
downs, excess buffer inventory, shrinkage and billing delays.

In the consumer packaged goods and retail segment, these
problems are well understood. Estimates of lost sales due to out-of-
stocks and shrinkage exceed $100 billion per year. Recent research
by the Grocery Manufacturers of America reports that 8 percent of
supermarket products are out of stock at any particular time; even
more astounding, promotional products are unavailable 20 percent
of the time. Studies by IBM have shown that 30 percent of these out-
of-stock items can be found within 100 feet of where they should
be. As businesses strive to meet rapidly changing demands with a
high degree of certainty, accurate and real-time information from
the edge of the supply chain becomes crucial. The ability to enable
real-time decisions at the edge of the supply chain can bring imme-
diate value in areas such as inventory management, replenishment
and shrinkage.

Looking For the Right Stuff in a Sea of Data
The new generation of RFID- and sensor-based solutions will bring
an unprecedented level of real-time, item-level information, funda-
mentally changing how inventory is managed across the enterprise.
New software infrastructure will be introduced to handle the explo-
sion of data on a real-time basis and handle the complexities of
deploying and managing a network of RFID devices across multiple
sites and multiple enterprises.

Today, the process to collect bar code data requires an SKU, case or
pallet to be scanned individually. In an RFID/sensor environment, data
gathering is not such a serial process. The data itself is collected simul-
taneously in one scan, regardless of the variety or quantity of items. In
its raw form, the data requires no delineation between pallet, case and
SKU in order to ascertain and reconcile inventory and process confor-
mance. A middle layer of software called edgeware is used to transform
an unstructured mass of data into information and context that the
traditional enterprise systems can understand and process. 

Companies are beginning to experiment with RFID deployments
on a trial or single-site basis. Projects being publicized today are
mostly focused on gaining experience in making devices work
together. This requires simple software that provides some rudi-
mentary connectivity, data smoothing and filtering. However, in a
production deployment that involves multiple sites, the complexities

of managing the data and the network of devices will require a more
robust software solution. 

The Role of RFID Edgeware
To achieve cost-effective deployments, software, in the form of
edgeware, must be used not only to simplify the initial deployment
but also to monitor and manage the performance of the network.
In addition, business logic must be distributed to the location where
transactions occur, allowing control systems to work optimally. Such
platforms are designed to tackle the even larger challenges of having
multiple sites deployed across multiple enterprises. This becomes the
“network at the edge.” The problems of data access, making 
information mobile and overcoming the process and network 
constraints will have to be solved. The edge is going to be a very busy
place as numerous varieties of devices, readers, tags and workflows
will be in use. The software must be able to deal with this environ-
ment in an effective manner. 

The Final Frontier
The concept of connecting the edge of the enterprise has been
evolving rapidly over the last several years, enabled by mobile 
technology and pervasive automation technologies. At the core,
enterprise resource planning (ERP) systems allowed groups of 

For a perspective on open supply
chain networks, read our interview
with Oracle’s Sonny Singh at
www.ascet.com.
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The new generation of RFID- and sensor-based solutions 
will bring an unprecedented level of real-time, item-level
information, fundamentally changing how inventory
is managed across the enterprise.“ ”
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people within an enterprise to work together. For example, all
accountants used the same general ledger. Execution systems
including supply chain planning, warehouse management and
transportation management systems were built extending the ERP
core out to key supply chain operations. Mobile applications
enabled distributed functionality beyond the four walls of the
enterprise, linking mobile workers via wireless networks. The next
big push is the convergence of a number of technologies – such as
wireless, low- cost auto-ID or RFID tags and readers plus software
that will provide visibility and management control of individual
items – without human interaction. This trend, called pervasive
automation, without humans involved at every step of the way, will
allow enterprises to revolutionize the way items are produced,
warehoused and distributed. 

Moving Toward the Connected Edge
This would radically change the relationship between large-scale
manufacturers and their products. Approximately 15 percent of
products made by large companies are typically unaccounted for at
any given time, amounting to as much as $2 billion worth of miss-
ing inventory for a large company. These are neither lost nor stolen,
but unaccounted for somewhere beyond the reach of inventory

counts. As a result, manufacturers inject about 15 percent more
products in their supply chain at every level than needed by the 
retailers as safety stock to prevent any items from being out of stock.
The promise of new technology that is capable of reducing that
number to 10 percent, 5 percent or even less will save tens of billions
of dollars annually. 

There will be several trends that drive auto-identification tech-
nologies over the next few years. Some of the most important
trends are: 
• The integration of multiple sensor inputs in RFID-based processes;
• The inclusion of wireless technologies such as WiFi, UWB, WiMax

or ZigBee into RFID solutions;
• The utilization of intelligent agent technologies for RFID solutions;
• The emergence of mature RFID-enabled best practices; and
• The evolution of smart sensor networks that include many other

technologies that we can only begin to imagine today.

Over the next five to 10 years, wireless sensors will have 
an enormous impact in almost all major industries. At a more
fundamental level, RFID and wireless sensors enable an Internet of
items. Today, wireless sensor networks are being used primarily for
military and environmental monitoring. They are just entering the

field of building automation and
control, wireless automated meter
reading and industrial equipment
monitoring. Soon wireless sensors will
be used for healthcare, in vehicle
applications, personal security and
asset tracking as well as business
process and supply chain manage-
ment applications. Advances in
MEMS, nanotechnology and fiber
optics have enabled a wide array of
new and smarter sensors.

Imagine billions of tiny computers
and sensors in the real world, connect-
ed by a smart network, drawing
civilization closer to the day when com-
puting devices connect every object to
every other object in pervasive and,
ultimately, unthinkable ways. That is a
strategic inflection point. ■

Soon wireless sensors will be used for healthcare, in 
vehicle applications, personal security and asset tracking 
as well as business process and supply chain manage-
ment applications.“ ”
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