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(ABSTRACT)

In today's competitive global business environment, efficient
information transfer and real-time data collection are required to provide a
flexible and reliable information management system. RF-based data collection
networks are increasingly becoming a strategic technology used to instantly
capture, process and transmit the data which is vital to daily management
decisions. This project aims to look at the key system building blocks based on
the three core technologies of bar code data capture- laser scanning, portable
computing, and radio frequency (RF) data communications. The RF equipment
in the Automatic Data Collection Systems Lab (ADCSL) at Virginia Tech was
integrated into a functional data collection system. RF based systems allow real
time transfer of information from source of data to decision makers. Laboratory
experiments were designed so that undergraduate students gain practical
experience and understanding of this innovative technology. The focus of the
experiments will be to expose students to leading-edge laser scanners, hand-

held portable computers, and RF communications and network systems.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

Material handling and logistics have become especially important to
industrialists because of the competitive advantage that results from using the
right methods to provide the right amount of material at the right place, at the
right time, in the right condition, in the right sequence, in the right orientation,
and at the right cost [White, 1989]. Recent advances in hardware design and
software has resulted in the emergence of sophisticated control systems for
practically any application. Providing the right amount of material at the required
time is especially important due to the emphasis on just-in-time manufacturing
and inventory reduction. It is imperative that a material flow control system be
requirements-driven, rather than solution-driven. Many situations exist in the
manufacturing and distribution in which the wrong amount of material is moved,
stored, and/or controlled, a common problem being the mismatch of issue
quantities and stocking quantities.

The principal mistakes made in order picking are picking the wrong
quantities and picking the wrong merchandise. To facilitate correct item
selection, labels are used on cartons and containers. Also, material is put in the
wrong place and personnel waste considerable amount of time in locating the
material in a warehouse. Providing the material at the right time is a very critical
ingredient of an efficient material handling and logistics system. The use of just-
in-time techniques has reduced the measurement system from months and days

to hours and minutes.



In today's highly competitive global marketplace, companies have
realized the key elements of success include smart materials handling methods
accompanied by an efficient information system. &he efficient flow of materials
must be accompanied by a parallel flow of reliable, real-time information.
Information about shop-floor and warehouse operations should be fed back to
people who retain final decision-making power over these operations. With the
aid of data collection technologies, operating information is becoming real-time
resulting in effective decision-making and proper control;')

Automation simply meant "islands of automation” in the past wherein the
various elements were never coordinated into an integrated system. Today,
material handling systems are moving towards being truly integrated and real
time through the use of automatic data collection systems. Broadly speaking,
the types of automatic data collection systems can be listed as -

1. Bar code data collection systems.

2. Radio frequency identification and data collection systems.

3. Voice data collection systems.

4. Optical character recognition systems.

5. Magnetic ink, stripe and smart card systems.

6. Machine vision systems.

Of these, bar code systems are the most popular and established method today.
Bar codes have been in use since the early seventies, when they were being
used in supermarkets and grocery sales applications. Their use has proliferated
ever since, and today bar codes are a billion dollar industry in themselves. Bar
codes are used from automatic sortation systems to inventory control
applications, from point-of-sale use in retail stores to integration of islands of
automation with real time data collection. In fact, bar codes are fast becoming

the back-bone of all automatic identification systems.



C The key link in Automatic ldentification Systems (AIS) is the data
commt:‘ﬁications system. Communications link the labeling and reading
equipment with the Management Information System (MIS) where the data is
processed to facilitate the management of the operationqs\.}Radio Frequency Data
Collection (RFDC) is a network technology which transm‘its data collected by bar
code scanning devices over radio frequencies rather than through a wired
network. If timely on-line real time data is needed, both hard wired terminals and
RF data terminals can provide this capability. However, if the application
requires mobile operations, or it is not practical to run wires, an RF data

communications link is the obvious alternative.

1.2 PROJECT OBJECTIVE

The objectives of this project was to:
* Study how bar codes and radio frequency data communications (RFDC)
can be used in an automatic data collection system.
* Use the radio frequency data collection equipment in the Automatic Data
Collection Systems Lab (ADCSL) and build an integrated manufacturing
data collection system
* Design a series of laboratory activities to help students gain hands-on

experience with the use of radio frequency for data collection.

1.3 SCOPE OF THE PROJECT

( The scope of this project is limited to the integration of the RF equipment
in the \Automatic Data Collection Systems Lab at Virginia Tech) The aim was to
develop an RF-based data collection network, where students can gain practical

experience through a series of laboratory activities.



The experiments were designed such that the students can gain an
understanding of the theory and applications of radio frequency data
communications. The students will gain practical experience in using a RF-
based network and get exposure to bar code technology, RF hardware and
system software.

The RF-based data collection network has two subsystems:

(a) The Automatic Identification System:

This includes the bar code scanners and portable data collection
terminals. The equipment provides timely and accurate information
regarding products.

(b) The Data Communications System:

This constitutes the transceiver, base controller and RF equipment
which preserve the accuracy of data and transmits them to the host

computer in real time.



CHAPTER 2
LITERATURE REVIEW

2.1 ADC TECHNOLOGIES

Automatic identification and data collection systems are powerful tools in
the manufacturing and material handling environment. Controlling raw material
and finished goods inventories is fundamental to effective operations
management. When properly implemented, identification and data collection
systems can have a direct impact on :

* Labor Productivity.

* Space Utilization.

* Inventory Control.

* Production Control.

* Damage and Pilferage losses.

* Stock rotation.

* Improved customer Service.

* Reduced operation costs.

(Q»Qe of the main advantages of automatic data collection systems is timely,
accurate data collection. Traditional collection methods produce error rates
ranging from one in 30 for handwritten documents to one in 300 for keyboard
input. Automatic identification systems operate in the accuracy range of one
error in three million entries, and most offer entry feedback for immediate error
correction.

Another benefit is speed. These systems process hundreds of characters
per second which is substantially faster than manual data entry at five to seven
characters or keyboard at 10 to 15 characters per second. Most data collection

systems are on-line applications with concurrent processing. By avoiding manual



records, keyboard entry and batch processing, these systems produce operating
reports without a time delay and improve information reporting.

Most automatic data collection systems will be composed of a host
computer or processor, communication links to peripherals, identification devices
and displays, CRT terminals and system software.

Software is a vital system element, which in addition to converting to
source code, provides for real time interaction between users and data collection
devices and dynamic communications with the host computer. The software is
designed to have data entry/edit routines, an architecture that permits change
easily and capability to interface with other industrial devices. Figure 2.1 shows
the key system building blocks of a typical automatic data collection system.

Most automatic data collection systems are based on one of the following
types of technology:

- 1. Optical character recognition.

2. Magnetic stripes

3. Smart card.

4. Machine vision.

5. Radio frequency..

6. Voice recognition.

7. Bar codes.

A discussion of all of the above identification techniques and examples of
their applications is beyond the scope of this project. However, Radio Frequency
Identification is frequently confused with Radio Frequency Data
Communications. Voice Recognition System is the other major technology being
studied at the Automatic Data Collection Systems Lab ( ADCSL ) at Virginia
Tech. Hence, these two technologies, their applications and functions are

described briefly in the following sections.
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Fig 2.1 : Building Blocks of Automatic Data Collection Systems




2.2 RADIO FREQUENCY IDENTIFICATION

Radio Frequency identification systems involves a machine-readable tag
powered by an external radio frequency transmission or radar pulses. When
excited by an external source, they return a coded signal. The RF identification
tag consists of receive and transmit antennae, a few discrete components, and
an integrated circuit chip, all typically loaded onto a printed circuit board. Tag
size is determined by the sizes of the transmit and receive antennae, which in
turn are a function of operating frequency, range and speed requirements.

Two basic types of tags are currently being used:

1. Passive tags.

2. Active tags.

Passive tags are activated by a reader sending a pulse or unmodulated RF
signal at a specific frequency and responds with a unique multi-character code.
The tag responds by using a small amount of energy from the received signal to
power-up the IC chip which sends the code back to the reader via a modulated
RF signal.

Active tags are battery powered tags that can receive, store and transmit
data. It uses an on-board, low profile battery for power and to maintain memory.
Active tags can usually-send signals farther than passive tags. Thus they can
be read/written from greater distances. -

Radio frequency identification ( RFID ) consists of three components -

1. Target or RF tag which contains memory or code from which an

identification can be made.

2. Antenna or Transceiver which provides power to the tag and acts as a

conduit for the information to be sent from the tag to the third component.



3. Control Board which helps interpret the information received from the
tag and converts this information into a signal which can be further
passed to another controller or provide an action output.

RFID tags are manufactured using different RF wave lengths and
according to Federal Communications Commissions (FCC) regulations. RFID
can be more cost-effective than bar codes. However, they should be chosen
based on the application and requirement.

RFID offers systems in the form of portable, programmable read only tag
readers ( Passive RF/ID ) that offer off-line file storage and file transfer to a host
computer. This data from a passive tag is fixed in type and length at the time the
tag is manufactured. Fixed readers that automatically read a passive tag and
communicate with a host computer are needed with this system. Active RF/ID

tags provide read and write capabilities and are highly flexible and portable.

2.2.1 APPLICATIONS OF RFID

RF identification systems play an increasingly important role in
production, inventory, and asset and resource management. RF systems have
been able to provide solid solutions to environmental challenges that alternative
systems have been unable to meet. RFID tags perform reliably in spite of
temperature extremes, contamination by paint, dirt or coolants or obstructions in
the line of sight. Their ability to capture reliable, accurate information and
transfer data in real time enhances the performance of manufacturing systems.
The typical applications of RFID systems in industry include:

* Animal husbandry, pet identification, cattle and wild-life identification

and studies.

* Inventory control, product location and inventory control.



* AS/RS controls for determining X and Y co-ordinates.

* Process sorting of products and de-centralized control of switching
equipment.

* Personnel identification for real-time tracking and secured access.
RFID tags can be used as a time card.

* In process control - Each RFID tag attached to a product contains within
its memory, the specifics of all processes to be carried out. Each
operation looks to see if the previous operation has been carried out.

* Quality Control - actual values as measured by each and every station
can be encoded and checked eventually.

* Product Carrier Tracking - Information about a carrier or pallet can be
tracked.

* RFID tags can be a data highway between different stations.
Information encoded on one can be read at and used to guide the
process at another station.

* RFID provides for contactless communication.

2.3 VOICE RECOGNITION SYSTEMS

Voice-based data collection systems relies on the ability of computers to

recognize syllables and words as input spoken through a microphone. Voice

Data Collection is very useful when human judgment is necessary for data

collection and the human is busy with a process. The operator hears the

questions he would normally read from a paper and speaks the answers he

would normally write onto a paper. Thus the process becomes a dialog between

the operator and the voice data collection terminal.
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The dialog contains two technologies. The computer uses speech
synthesis to produce human sounds in the form of a question. The person
speaks the answers which the computer recognizes using voice recognition
technology.

There are two basic techniques to have the computer ask the questions.
A human could pre-record each question and have the system playback the
question in the form of a prompt. The second way is to type each question in
and use speech synthesis to convert the text to speech. Speech synthesis is the
most common technique being used today because it offers maximum fiexibility
and is easy to implement.

There are several techniques available today , to have a computer
recognize a human voice. One of the most popular methods is pattern
recognition. This works by having the operator speak each answer and store it
as a template. When the system is in data collection mode, the computer
converts the spoken word to a digital voice pattern and then attempts a pattern
match from all the acceptable responses to the current question. When a match
is determined, the system "recognizes" the answer.

A voice-based data collection system generally consists of the following
basic components:

1. A microphone for accepting speech input.

2. A recognizer that converts spoken data into digital form.

3. A processor or computer which runs the voice system application

software and for storing collected data.

4. A voice synthesizer which is usually a combination of hardware and

software , that converts text (digital data) into sounds (analog data) for the

speaker.
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5. A speaker for broadcasting the output , including prompts and error

messages.

There are several parameters associated with voice data collection
systems. Based on recognition rates, it can be either Discrete or Continuous.
In discrete VDC systems, the VDC terminal takes in and recognizes one word or
utterance at a time. In continuous VDC systems, the terminal allows the person
to talk in a continuous manner. Another parameter of interest is the vocabulary
size. This can be either Small or Large. Typically, voice recognition systems
with a few thousand words are considered to have a small vocabulary size, while
one with 10,000 to 30,000 recognizable words is considered as having a large
vocabulary size.

Voice recognition systems can be -

- Speaker dependent or

- Speaker independent.

In speaker independent systems, almost anyone can speak into the VDC
terminal and the word will be recognized. In the case of speaker dependent
systems, the operator will have to train the system, initially by "speaking in" each
word that is to be part of the system's vocabulary. Speaker dependent systems
allow a larger vocabulary, better recognition rates and continuous speech.

Currently, VDC systems are used in material handling and quality control
inspection applications. Paint quality inspection teams at the SATURN
automobile plant use voice data collection systems. Paint inspection team
members constantly use their hands and eyes to collect panel paint inspection
data. Bar codes are not very attractive in this situation as the operator will
probably have to look at different bar codes on a card representing inspection
data and scan a response ( say bad or good ) with a scanner. This will likely

distract the operator from looking at the automobile and paint. Also, bar coding

12



is inadequate as data regarding human judgment such as defect types and

locations will be awkward to specify.

2.4 BAR CODE TECHNOLOGY
A bar code consists of an array of differing width parallel bars and spaces
within which information is encoded. The bar code is usually the size of a label
and is attached to an object - a grocery product or a piece being manufactured.
This code serves as an identifier for the object that it is attached to. This
identifier is also part of a database where the other details associated with this
particular object are stored. Once the identifier has been decoded, information
regarding this particular product can be retrieved from the data base. The
decoding and access of the database is usually controlled by the system
software.
A bar code data collection system usually has the following three components:
1. The bar code label which is a machine readable symbol in the form of
several bars and spaces. The width of a bar or space also contributes to
the information content. A wide bar and a wide space are different from a

narrow bar or space.

2. The bar code scanning device, which reads a bar code and converts
the optical information into electrical signals. The bar cdde scanner is
connected to a centralized data base containing details about the object
attached to the bar code. The scanner uses electro-optical techniques to
scan the bar code symbol. The scanner illuminates the symbol with light
energy and then examines the amount of light reflected by a localized

area of the symbol. This light energy is usually in the form of a spot of
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light or a beam. The scanner is moved across the symbol so that the
entire symbol is covered by the light energy. = While a space reflects
back all the light thrown on it, a bar absorbs almost all the light thrown on
it. This reflected light is directed to a photo-diode detector ( or
equivalent), which generates a small current proportional to the amount of
light returned (amplified). The amount of current is also going to be
proportional to the width of the space or bar. Thus a wave form is
obtained, that is dependent on the intensity of light reflected and the
duration of this intensity. The digital wave form is obtained by converting

the analog voltage obtained using a A/D (analog-to-digital) converter.

3. The decoder which receives the signals from the scanning device and
converts them into .information which is then used for processing. The
decoder converts the bar code information, accesses the database and
procures. the information to the point of use. Thus all the details
regarding that particular object can be obtained at the point of use. The
data is usually stored on a host computer or can be stored in the memory

of the scanning device.

2.4.1 SYMBOLOGY

Symbology is defined as the collection of rules and specifications

describing the way in which data is encoded in the bars and spaces of the bar

code symbol. There are several symbologies used by the different industries

using bar codes today. These symbologies differ in the number of bars and

spaces used to represent a character or number, on whether the spaces are

used to record information or serve merely as gaps between characters, width

14



and number of bars and spaces, density of information stored in a given width
and so on. Since many different symbologies are used, the decoders used
today are capable of decoding symbols represented in different symbologies. A
few common characteristics of bar code symbologies and their definitions are

discussed below :

DISCRETE & CONTINUQUS SYMBOLOGIES : Each character in a bar code

represented in this symbology is independent of the others. Each character is
separated from its neighbors by inter-character gaps. A continuous code has no
inter-character gaps.

CHARACTER SET : This is a set of all characters and numbers that can be

effectively represented by the symbology. Symbologies capable of representing
both numbers and letters of the alphabet are called alphanumeric symbologies
while those that can represent numbers only are called numeric symbologies.

SYMBOL LENGTH : Symbologies can be fixed or variable length. The decoder

needs to be provided this information before it can decode a symbol. This
information is usually available with the symbology and thus the decoder knows
if a particular symbology allows variable length symbols.

DENSITY : This parameter refers to the amount of data that can be encoded in
a given unit length using a particular symbology. Again, this information is
symbology specific and decoders know this information before that can decode a
symbol coded in a particular symbology.

ELEMENT WIDTHS : Two types of symbologies - those that use wide and

narrow spaces ( only two possible widths O and those that use multiple widths.
The symbologies using multiple widths are usually decoded by measuring the
distance between similar edges {edges of bars, for instance).

START & STOP CODES : Most symbologies require a start and stop code in

the symbols. This is a particular pattern of bars and spaces that is always

15



identified by a decoder to be a start or stop code. These codes are very useful

to ensure reads in both forward and reverse directions. thus the code can be bi-

directional and can be read from left to right and in reverse.

Other symbology characteristics include the X-dimension (width of narrow

elements), self-checking, unidirectional or bi-directional.

A few common symbologies used in practice and a brief description of

each is given below.

UPC :

UPC (Universal Product Code) is a fixed, length, numeric continuous
symbology and has 12 digits in one symbol. It is mainly used in the
supermarket industry and designed to uniquely identify a particular
product and its manufacturer. It has a density of 14.3 characters per inch
and a check digit is incorporated into the code and allows bi-directional

scanning.

The European Article Numbering (EAN) system is used by the grocery
and retail industry in Europe and has two versions - EAN-13 and EAN-8.
The symbology contains information about the country, product and

manufacturer.

INTERLEAVED 2 OF 5:

This is one of the earliest bar code symbologies developed. It is a high-
density, self-checking, continuous numeric symbology and used primarily
in the distribution industry. Each symbol contains five bars, two of which
are wide and three are narrow. Each character encodes two digits, one in
the bars and one in the spaces.

The start and stop codes and check digits are provided.

16



CODE 128:
This is a high density alphanumeric symbology which is of variable length,
continuous and uses multiple element widths. The symbology can encode
all 128 ASCII elements in its character set. It has three different character
sets called character sets A, B and C. The start character speciﬁés the
character set being used. The length of a symbol in this symbology
depends on the character set being used.
CODE 39:
This was the first alphanumeric symbology to be developed and
commonly used in non-retail applications. It is also called as "3 of 9 code"
The common character " is used for both the start and stop characters.
Every character in the symbology has five bars and four spaces. Of these
nine elements, three are wide and six are narrow. The symbology uses
only two widths - wide and narrow. The symbology uses intercharacter
gaps, start and stop codes and contains 43 characters in its character set
and is self-checking.
CODABAR:
This symbology is widely used in libraries, blood banks, medical labeling
and air parcel applications. It is a self-checking, discrete symbology. All
characters are constructed out of four bars and three spaces. It has
sixteen characters in its set. It uses four different start and stop codes and
allows the concatenation of two different characters by using the
appropriate start and stop codes. Other characteristics include self-

checking, variable length and bi-directional scanning.

17



2.4.2 BAR CODE APPLICATIONS
Bar codes find use in a wide variety of applications. They are primarily
used in the following areas :
1. Library applications.
. Inventory Control.
. Work-in-process tracking.
. MRP and MRP-II applications.
. Receiving applications.
. Shipping Applications.
. Electronic data interchange.

. Retail applications.

O 0 N O O A WD

. Warehousing applications.
The uses of bar codes in each of the above applications are described
briefly, below.

Inventory Control :

The main application of bar codes in industry is inventory control. Bar codes
improve the accuracy of inventory data. Each transaction involving removal
of parts from inventory and addition to inventory can be recorded by
scanning the appropriate bar codes and entering the quantity used or
produced. This data can be updated immediately or in a batch, on the host
computer. Exact location, number and availability of different components
can be known and the old, problematic method of writing down the
information can be eliminated. Cycle counting is simplified or can even be
totally eliminated as accurate information about the inventory of all parts is

available.

18



Library Applications :

Bar codes are used in tracking and keeping an account of books. Each book
is assigned a bar code and every time a book is borrowed, this bar code is
scanned along with the ID on the borrower's card and a match is made in
the data base. The borrower's name is removed from the data base on
receipt of the book and the book is returned to its "available" status. The
appropriate information relating to the availability of a book is provided as a

bar code at the librarian's desk and is scanned when a book is returned.

!/, Work-in-process tracking :
‘\"- —

Flow of materials, sub-assemblies and products can be tracked easily if the
bar code symbol attached to the materials or products is scanned each time
the product is processed and moved through the shop floor. Thus
information can be held on the location of materials, operations that have
already been performed on sub-assemblies, sequence of operations and
related information on operations that still the to carried out and information
on throughput and yield are easily obtained. With this accurate information,

bottlenecks can be identified. i?

( MRP and MRP-II applications :

S,

With inventory accuracy, routing accuracy and tracking accuracy improved,
the master production schedule and capacity planning reports can be
generated in a more accurate fashion. Production schedules will reflect any
deviations and discrepancies from the original plan with accurate

information about work-in-process. /}

Receiving, Warehousing and Shi ipping applications :

The exact quantity of materials received into the factory can be updated in
the company's computer data bases on arrival of the materials. Any

shortages can be immediately identified and the appropriate orders can be
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placed without delay. The materials handlers can easily perform this bar
code scanning function and need not wait for personnel from the inventory
control department. Thus the materials can be moved to storage locations
and the shop floor faster. Picking becomes easier as the exact location of all
materials and their availability is accessible from the computer data bases
and this information can be easily obtained by the pickers. Thus the storing
and the picking functions can be organized well. With the availability of real
time information, the efficiency of the warehouse staff can be improved as
they can combine storing operations with picking operations and thus avoid
"deadheading". With accurate data, the customer orders can be satisfied
better and faster.

Retail Applications :

The use of bar codes at the point-of-sale in the grocery stores is well known.
The bar codes on different products are scanned at the sales counters and
the appropriate information regarding the price, manufacturer, etc. of the
product can be obtained from a central data base.

Electronic Data Interchange (EDI) :

EDI refers to conducting of purchase transactions electronically.. EDI
describes the direct communication of data between the computers of two
companies for conducting a business transaction without any human
intervention. For instance, the MRP program of one company may realize
the need for a certain material, place an order for the same with the vendor
company. The computer in the vendor's company reads in this order and
prepares the appropriate master production schedule in its MRP and sends
back the confirmation of the order and the delivery date. Thus the customer
company's computer can plan its production schedule accordingly. The

entire function requires no human intervention and thus is highly accurate.
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Thus a paperless, telephoneless purchase transaction is performed.
Usually, EDI is carried out through VANS (Value Added Networks) which
refer to a common network over which the computers of the customer and
vendor company can communicate with each other. EDI is quickly becoming
the transaction method of the future and an effective ingredient in JIT
systems. Along with an order, the customer company can also send details
about the nature and sequence of bar codes to be printed on the materials
ordered. Thus the customer can obtain material with the proper bar codes
on it and thus the receiving and inventory control functions can be

simplified.

2.5 RADIO FREQUENCY TECHNOLOGY

Radio frequency (RF) waves are part of the electro-magnetic spectrum.
Figure 2.2 shows the radio communication frequencies within the
electromagnetic spectrum. Specific locations in the spectrum can be identified by
either the frequency or the wavelength. RF data collection uses radio waves as
a medium to transmit information just like hard-wired data collection uses cables.

In a warehouse RF system, electronic or digital data signals are sent to
RF transmitters that convert the information into RF signals or waves. The
transmitters broadcast the waves over a short range within the warehouse to RF
receivers. The receivers accept the waves. These systems are primarily
concerned with transmitting data, communications and identification in real time

using wireless transmissions in one form or another.
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