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EXECUTIVE SUMMARY 

This report follows a six month effort by Battelle's team of MC/SC 

and payment systems experts, combined with ATE's technical assistance. On

site visits and interviews have been utilized for data collection purposes at 

two transit properties. Numerous reports on fare collection and the 

maintenance functions have also been used throughout the study. Finally, ATE 

has provided valuable information and expertise in the study through detailed 

documentation and interviews. ATE provides many years of experience in 

present and future fare collection system configurations and trends. 

This report has explored several possibilities for the application 

of MC/SC technology in the bus transit industry, specifically fare collection 

and maintenance/recordkeeping. While the design scenarios presented within 

the body of the report are all deemed to be technically feasible, the 

conceptual design of these systems cannot be fully and accurately assessed 

until detailed specifications are developed in conjunction with a specific 

transit property, and a pilot test conducted. Notwithstanding the need for 

further study and development work to achieve this end, it appears from the 

analysis completed during this project that the maintenance and recordkeeping 

application has a greater initial potential than fare collection to serve as a 

pilot application. 

Despite the favorable characteristics associated with the 

maintenance and recordkeeping function, it should be recognized that the 

greatest revenue enhancement opportunity for the trans it industry with MC/SC 

technology ultimately lies wi~hin the fare collection process. Data from past 

studies indicate that the level of fraud and opportunity costs resulting from 

the inflexibility of existing fare collection systems is indeed significant. 

Two conceptual designs are presented in Section 3.0 that have the potential to 

displace a significant proportion of currency and coin from the fare 

collection process, thus reducing a percentage of the fraud losses. In one of 

these two conceptual designs, the issue of accomodating rate sensitive fares 

based upon time and distance parameters is satisfied, thus resulting in a far 

greater potent i a 1 payback. Unfortunately, the design of this second system 

has inordinate hardware and software costs when compared to existing fare 

collection systems, and is also complex in design. 
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1.0 INTRODUCTION 

1.1 Objective and Scope 

The objective of this study is to investigate the potential uses of 

memory cards -in the fare collection and maintenance/repair functions for the 

bus transit industry. The conclusions and recommendations presented in this 

report are based upon an analysis of the current and expected developments in 

the memory card field, fare collection and operational procedures in the bus 

transit industry, and trends in U.S. payment system in general. 

The findings contained in the report represent the collectiv~ 

efforts of Battelle staff experienced in digital systems and technology, 

transportation and financial industry systems. The members of the project team 

have been involved in memory card research since 1979. Technical assistance 

on the bus transit fare collection and operations aspect was provided by the 

ATE Management and Service Company of Cincinnati, Ohio. 



1.2 Memory Card Definition 

In the latter 1970 1 s, driven by a need in the European financial 

industry, microprocessor technology was merged with the plastic bank card to 

form what has been termed the "smart card". It is 11 smart 11 because it contains 

on-board intelligence and decision making capabilities, allowing it to perform 

a certain level of local data processing without the need for access to an 

external computer system. 
While the smart card has continued to evolve in parallel with 

advancements in the microelectronics industry, other portable storage devices 
have also emerged. Enhanced storage magnetic stripes, laser storage media, 

and erasable electronic memory, all embedded in cards and other portable 

packages, are available today. Unlike the smart card, these devices contain 
no on-board microprocessor. All of these technologies may find application in 

the bus transit industry. 
Although a variety of portable data storage device technologies are 

available, a common element to all is their ability to store large amounts of 
data. For this reason, Battelle has chosen to adopt the term "memory card" to 

refer to the category of portable data storage devices referred to above. 
Throughout this report, the reader will find reference to two terms, which are 

defined for purposes of this report as follows: 

• "memory card" - a portable data carrying device capable of stor
ing large amounts of information using non-volatile memory tech

niques. That is, no on-board power source is required in order 

for memory to retain its contents. The package is designed for 

human handling, but need not be in the shape of a credit card. 

• "smart card" - a portable data carrier which contains on-board 

intelligence in addition to non-volatile data storage capabili
ties. While it may also resemble a credit card in appearance, it 

can be packaged in a number of ways. 

The acronym MC/SC is adopted to refer to devices which follow under either of 

the two definitions. As elaborated upon in the next section, magnetic stripe 
cards are not considered within the scope of this definition and are therefore 

not addressed within this report. 

1-2 



1.3 Report Organization 

The report is organized into six sections with four appendices. 

Following the Introduction, Section 2.0 marks the first technical discussion 

of emerging MC/SC technology. The purpose of this discussion is to survey the 

various types of MC/SC products that are being developed or are planned, the 

principle companies that are involved, commercial applications in which the 

memory card will first be used, system costs, experimental programs in France 

and the U.S., the results of those tests, and a long range forecast for the 

technology. 

Against the backdrop of the technical discussion, Section 3.0 

explores two alternate scenarios for the use of the MC/SC in the fare 

collection application. The scenarios encompass both a high l evel design of 

the system, as well as a discourse on the benefits to be gained, possible 

problem areas, and system costs. The purpose of describing two scenarios is 

to provide a perspective of a fairly simple MC/SC fare collection system as 

contrasted with a more complex and highly integrated version. 

Section 4.0 profiles the maintenanci and operational aspects of bus 

tr4nsit properties. The purpose of this discussion is to examine the current 

environment to determine where and how the MC/SC may be adapted to solve 

existing problems. The main thrust of the section is to describe information 

flows and activities. 

Section 5.0 then explores MC/SC system scenarios within the context 

of performance, repair history, on-board diagnostics, and resource access 

applications. A high level design is provided as well as the advantages of 

the system, its weak points, and the anticipated implementation and opera

tional costs. 

The study 1 s conclusions and recommendations are presented in Section 

6.0. 

Appendix A analyzes the United States payment system. The purpose 

of this section is to profile the different forms of payment utilized by 

consumers for goods and services. Particular emphasis is placed upon fast 

developing EFT (electronic funds transfer) forms of payment. 
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Following a description of today's overall payment system, Appendix 

B describes the likely evolution of each form of payment based upon Battelle's 
interpretation of current trends and the results of consumer surveys. This 
discussion serves as a bellwether to what types of innovative payment devices 
that consumers may be wi 11 i ng to accept and use . The important point here is 
that the technological feasibility of a system does not guarantee its 
acceptability. Lack of consumer acceptance can undermine a technically sound 

system if the system is not easy to use, convenient, or similar to other types 
of payment mechanisms used at the retail level. 

Appendix C concentrates on the problems and costs which typify 

existing farebox systems. For the most part, the data presented here has been 
obtained from previous Urban Mass Transportation Administration (UMTA) funded 
projects. The problems and costs inherent to current fare collection proce
dures are referenced later in the report as design objectives for a MC/SC fare 
collection system. 

Finally Appendix D contains a sampling of reports that are generated 
from the information captured by today ' s more sophisticated electronic fare 
collection system. 
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2.0 TECHNOLOGY SURVEY 

2.1 Introduction 

Advances in the field of microelectronics have made possible the 
ability to store and process large amounts of information on a single silicon 
integrated circuit at very low costs. For example, single-chip microcomputers 
are commercially available for under $5 which are more powerful than desktop 
computers of five years ago. These advances have made possible entirely new 
capabilities in the field of distributed information processing. 

Perhaps one of the most dramatic exploitations of the microchip has 
been its implantation into a plastic credit card, creating what has been 
termed a "memory card 11 or "smart card 11

• To date, the most publicized use of 
this technology has been in the financial sector as a secure, off-line alter
native for electronic funds transfer operations. Other packages are also in 
use, including cartridges, keys, and military dog tags. 

2.1.1 Memory Card Definition 

It has been given many names since its inception, including smart 
card, memory card, chip card, integrated circuit card, and computer card. 
However, the distinguishing attribute of each of these systems is determined 
by the extent of data processing that is available within the portable package 
structure. For example, a smart card refers to a device which contains on

board intelligence, such as a microprocessor. More generally, the industry 
has adopted the term memory card to refer to any portable package which con
tains non-volatile memory within its structure. Even the term 11 card 11 is some
what misleading, because available products are in card form as well as other 
form factors, such as keys or tags. 

Because of the precedence of the words 11 smart card 11 and 11 memory 
card 11 in industry, this report makes no attempt to change the terminology~ but 
rather notes that 11 card 11 is a misnomer. The term results from the packaging 
convention used by the pioneers in this field, the financial industry. It 
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should be noted that these technologies fall into the more general category of 
the portable data carrier. The relation of the portable data carrier to mem
ory cards and smart cards are shown in Figure 2.1. 

In this current study for UMTA, it is premature to select specific 
smart or memory card technologies since applications are not yet well-defined. 
It should be noted that the above MC/SC definitions are broad, and would in
clude devices as simple as limited storage, magnetic stripe fare tickets. 
However, this study mainly concerns itself with the concepts requiring the 
off-line storage of large amounts of data. Magnetic stripe, and bar code 
technologies, among others, lack these storage capabilities. For this reason, 
the current study limits itself to the digital electronic and optical memory 
card/smart card (MC/SC) technologies. It is also premature to focus on one 
particular packaging format, such as the card. While the payment systems 
industry has had strong incentive to produce a device which meets all 
existing physical bank card standards, similar standards do not directly 
influence surf ace mass trans it operations at present. The potent i a 1 ab i1 ity 
to merge bus fare collection with other consumer financial services does tend 
to suggest a standard bank card format, but this study is not restricted to 
that specific package format. A possible deviation from the bank-style card 
structure is likely in the areas of bus diagnostics and maintenance, where a 
card may be unsuitable for the environment. 

2.1.2 Organization Of The Technology Discussion 

This section provides a basic introduction to memory card and smart 
card (MC/SC) technology. It is organized into the following areas: 

• 2.2 Historical Development Of The Financial Smart Card 
• 2.3 MC/SC System Configuration 
• 2.4 Industry Analysis 
• 2.5 Technology Trends 
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PORTABLE DATA CARRIER 

SMART CARD 

Contains on-board 
processing circuits 

Memory is: 
non-volatile 
changeable 
updateable 

Package is : 
designed for 
human handling 

MEMORY CARD 

Memory is: 

non-volatile 
changeable 
updateable 

Package is: 
designed for 
human handling 

FIGURE 2. 1 PORTABLE DATA CARRIER CONCEPT 
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2.2 Historical Development of the Financial Smart Card 

The financial smart card has its roots in the early 197O 1 s, when 

Roland C. Moreno conceived of an embedded microprocessor and memory as a 

rep 1 acement for the magnetic stripe on the back of the bank card. Moreno 

founded a firm called Innovatron and patented an "integrated circuit card" 

with important security and utilization features for transactional applica

tions. Over the years, the organization of the French Postal and Telecommuni

cations Systems {PTT) and three French companies {Philips Data Systems, CII 

Honeywell-Bull, and Flonic-Schlumberger) with non-exclusive production 

licenses granted by Innovatron, began to develop smart card-based systems and 

investigate potential applications. 

Intelmatique, the official international marketing representative of 

the French Direction Generale des Telecommunications, assists in the promotion 

of French smart card systems worldwide and played a large role in its develop

ment in France. Originally, smart card systems, developed in France in con

junction with the the French banking system, were designed to replace the 

paper check and its associated processing methods by providing off-line 

support for point-of-sale terminals and thus, circumventing the archiac 

telephone-based communication system. In 1983, three cities in France were 

selected as pilot sites to test a smart card-based point-of-sale system. A 

description of this application is provided later. 

It is this application which has sparked an international interest 

in MC/SC's. Neariy seven years later, the original French manufacturers are 

being joined by other industry players. While all are actively seeking to 

develop financial applications, the conservative nature of the banking 

industry has caused MC/SC manufacturers to provide systems for other off-line 

data processing needs. Since the basic principle behind the systems {flex

ible, pistributed, off-line processing) addresses inherent needs in many 

industries, the manufacturers have continued to see enormous interest in the 

technology. 
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2.3 MC/SC System Configuration 

There are a variety of memory card and smart card products available 
today, each of which having somewhat unique operating characteristics. The 
latter port i ans of this section describe these products in more detail ; the 
discussion which immediately follows is intended to familiarize the reader 
with the MC/SC systems from a .functional, 11 black box 11 i:,oint-of-view. 

2.3.1 Overview 

In general, the MC/SC system is comprised of three elements: the 
MC/SC (or package), the data transfer interface, and the input/output system. 
These are shown in Figure 2.2. Regardless of the application, the main func
tion of the MC/SC is to serve as an off-line data carrier. This data can be 
transferred to various sites in the MC/SC system by inserting the MC/SC into a 
11 data transfer interface 11 and access the information through conventional 
computer terminals. In essence, the MC/SC provides a flexible information 
network (or data bus), eliminating the need to install extensive on-line com
munication systems. 

The data contained within the package is specific to the applica
tion, but will generally be categorized as follows: 

• static, or unchanging data • . (i.e. passwords, name, address, 
account numbers, issuing agency, etc.) 

• dynamic data. (i.e. transaction amounts, repair histories, 
authorization codes, etc.) 

Typically, the static data would be generated during the time of manufacture 
or distribution of the MC/SC. In the financial industry, for example, data 
pertaining to the cardholder is transferred into the card by the issuing 
agency in much the same manner as that currently employed with magnetic stripe 
bank cards. 

While the static information on the MC/SC serves the function of 
i dent ifyi ng it to the rest of the system, it is the dynamic data storage 
capability that makes the MC/SC an attractive alternative to on-line systems . 
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The dynamic data areas are updateab 1 e (and, in many cases, eras ab 1 e) and are 

used to hold information specific to the MC/SC data transaction. In the 

financial application, these data would include date and amount of trans

action, and merchant identification codes. In a fleet fuel management appli

cation, it may include amount of fuel dispensed, and vehicle mileage. In any 

event, the importance of the dynamic data storage area is its abi 1 ity to 

acquire transaction-specific information at quasi-random points in time with

out the necessity to employ an elaborate on-line data communication system. 

If the portable package contains a processing device of some sort 

(i.e., it is a smart card), then it is possible to perform a limited amount of 

data processing directly within the device without the need to access any 

external processing capability. This data processing capability may be called 

upon for crediting or debiting of financial information, or simple numerical 

calculations such as amount of fuel remaining. 

By far, however, the processing capability is typically used for 

data security and access control. For the French financial smart card, the 

microprocessor limits access to certain memory zones for security purposes. 

In this case, the card's memory has accessible, conditionally acc~ssible, and 

inaccessible sections. For example, one portion of the conditionally access

ible memory allows a user to enter or read a financial transaction record by 

punching in a personal identification number (PIN) only. In another memory 

section, authorizations made by a card issuer, such as a bank, can only be 

written when a code word previously issued by the bank is used, although they 

can be read by using the PIN only. In some cases, if the proper passwords or 

PIN's have not been entered, then the processor can semi-permanently deny 

access to any memory areas. In order to reset this action, the card holder 

must return the device to the point of issue (i.e., the bank) where it is 

reset and placed back in service. 

A major difference between the smart card and the memory card, then, 

is the level at which interrogations of and interactions with on-board memory 

is limited. Through the virtue of the imbedded microprocessor, memory access 

to the smart card is contra 11 ed within the card itself. However, with a 

memory card, access to memory is hand 1 ed outside of the card by the card 
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scanning terminal device. Data contained within the memory is stored in an 
encrypted fashion within the card and then is deciphered by the terminal 

through keys and/or passwords. 
This does not suggest that a memory card system is any less secure 

than a smart card system for a similar application; it only dictates that the 
security be imposed at a higher systems level. 

The issues surrounding the basic MC/SC system components are 
detailed in the fo l lowing discussions. 

2.3.2 Card (Or Package) 

A package in the shape of a standard bank credit card has been the 
most popular form factor in use today. This stems from the standards set by 
the financial community, but other package formats have also been developed. 
For examp le, a device in the shape of a key is currently being utilized in 
access control, inventory control, and transportation applications. The 
United States Department of Defense is testing an electronic military dog tag 
for storing soldier's records. Cartridge-style data carriers have been used 
to transfer mission data to aircraft. It is likely that the success or 
failure of a MC/SC application lies in the ability to design the MC/SC package 
such that it is easily merged into the existing operation. Existing 
standards, environment, operational scenarios, and personnel attitudes all 
have a bearing on package design. 

Regardless of the package, all of these devices utilize some type of 
updateable, non-volatile memory storage. Non-volatile refers to the ability 
of the memory element to store information without the need to apply constant 
power to the memory circuits. A magnetic stripe is a good example of non
volatile memory. Once encoded, the data is retained indefinitely; however, it 
can be erased and recoded at a later point. Digital electronic technology 
offers sever a 1 methods of non-vo 1 at i le data storage. These range from Mask
Programmab le-Read-Only-Memories (ROM), which are programmed at the factory and 
non-alterable in the field, to Electronically-Erasable-Programmable-Read-Only
Memories (EEPROM), which can be programmed and altered in the field. (See 
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Table 2.1) A third, optical method of non-volatile storage occurs by burning 
11 holes 11 into a reflective medium from a laser. The most common product using 
this technology today is the video disk. A card manufacturer has recently 
applied this technology to a new product which replaces the conventional 
magnetic stripe with the optical stripe. 

2.3.2.1 Financial Smart Card Package. In the sp·ecifi c case of 
financial cards, an eight-bit microprocessor and a memory chip are embedded in 
the upper left corner (front view). This normally occurs by embedding the 
circuitry within a hermetically-sealed package, and then placing this package 
into the card structure. 

This hermetic package is necessary because the card's plastic does 
not provide a sufficient housing for the electronic elements. To date, 
assembly of the final device has been the most difficult task to be tackled by 
the smart-card manufacturers simply due to the thin package constraints. As 
conceived by the financial communities, the smart card must conform to 
existing bank card standards. This is because it must be compatible 
(particularly in overall size) with the infrastructure already in place for 
the plastic magnetic stripe card. This card has a thickness of .030 inches 
and has a variety of environmental and mechani ca 1 standards associated with 
it. It had been difficult for manufacturers to achieve the .030 inch 
thickness with the hermetically-sealed package and also meet requirements of 
the card. However, according to French manufacturer's current claims, the 
newest generation of financial smart cards meet or exceed these requirements. 

2.3.3 Data Transfer . Interface 

Regardless of the form factor, MC/SC's do not contain any type of 
display or input device. Therefore some kind of terminal is necessary to 
allow information transfer to occur. An example of a smart card interface is 
shown in Figure 2.3. The current electronic MC/SC's utilize metallic contacts 
on the outside surface surface to achieve the electrical connection between 
the integrated circuits within the package and the data transfer interface. A 
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receptacle in the terminal typically employs a set of mating contacts. (For 
example, see Figure 2.4) The major difficulty with physical connections is 
that they are subject to wear with repeated insertions. 

Corrosion is also a factor in metallic contacts. For example, 
corrosive salts from perspiration can likely corrupt the electrical integrity 
of the contact surface. The use of gold-plated contacts has been used to help 
reduce this problem. Manufacturers claim their devices are reliable for 
thousands of insertions; however, the results of field tests have not yet been 
made available which validate the credibility of these claims. 

An a 1 ternat i ve to meta 11 i c contacts is the use of a non-contact 
interface technique such as radio waves or optical communication. Designs 
exist which describe the use of inductive coils within the flat card structure 
to achieve a magnetic communication coup 1 i ng with the i nterna 1 circuits. A 
German firm, Rexroth, is designing a mi crowave-based communications system. 
However, to date these technologies have not found their way into the 
commercial market place. While they offer more reliable contact life, they 
signif icantly increase the cost of the product at this time . The advantage of 
extended contact life has not been determined within the marketplace since it 
is likely that most devices will not see more than several hundred insertions 
over their lifetime. However, mass transit applications--particularly fare 
collection--could easily require well beyond 100 insertions, thus posing a 
potential reliability problem. It can be assumed that only the optical stripe 
media which utilizes a non-contact interface with a low-power laser is capable 
of reliably handling high volumes of insertions at this time. 

2.3.4 Input/Output System 

Because the memory card has no keyboard or display, it is necessary 
to connect the system to an input/output system in order to read or transfer 
data. Most commonly, this is accomplished by inserting the card into a 
reading device resembling a floppy disk drive in size and appearance. (With 
key-type devices, the reader resembles a conventional keyhole mechanism.) The 
readers are connected to desktop-style computers through standard 
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FIGURE 2. 4 METALLIC CONTACTS SHOWN ON FINANCIAL SMART CARD 
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convnunication interfaces, and the keyboard and CRT serve the input/output 
function. 

In specific applications, the above may be combined into one, 
custom-designed package to conserve space. This is the case with the 
financial smart card terminal, which houses the smart card receptacle, P0S 
(point of sale) terminal electronics, keyboard, and display. 

The current trend in the industry is to design a memory card reader 
which can be attached as a peripheral to standard personal computers. It is 
likely that initial memory card products in the U.S. will be configured this 
way. 

2.3.5 Off-Line Processing 

A significant benefit of the MC/SC system is its off-line 
information processing capability. In fact, it is this particular attribute 
that has caught the attention of most of the industries interested in the 
card. Because the card, as a portable data carrier, provides enhanced 
storage, as well as data security, it is possible to eliminate the necessity 
that all interactions have on-line access to a centralized data base. 
However, periodically it would be necessary to access and update the 
information in both the terminals and cards through the use of a centralized 
data base. In this manner, information in the network can be tailored 
dynamically. For example, in financial systems, a list of counterfeit cards 
or stolen cards can be brought to the attention of the satellite terminal, as 
well as other information being updated from a central source. In order to 
accomplish this, some type of teleconvnunications network is required. In most 
cases today, this is achieved using conventional phone lines and computer 
modems (~adulator-demodulator). 

2.4 Industry Analysis 

The concept of embedding an integrated circuit irito a plastic card 
is not new. As early as 1972, Castrucci at IBM patented an invention which 
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describes embedding electronic circuits inside a plastic card. Other patents 
are described in Table 2.2. Very li~tle MC/SC activity was made public until 
the latter 1970 1 s when three French companies firmly committed themselves to 
the design, development, and manufacture of smart cards for financial applica
tions using the Innovatron concept. 

CII Honeywell-Bull, Flonic Schlumberger, and Phillips Data Systems, 
were the original three manufacturers who made public their intention to pro
duce smart cards. Since that time, a variety of other companies from Europe, 
North America, and Japan have announced their interests and intentions in the 
memory card and smart card field. 

Looking specifically to smart card technology, it is interesting to 
note that more than seven years have passed s i nee the first set of manuf ac
turers set forth to produce smart cards. Since that time--while a great deal 
of interest has been shown both on the part of the potential customer and the 
manufacturer--the industry itself has not seen the type of growth that is 
typical of the electronics industries. (In the same seven years, micro
processor and memory capabilities have increased dramatically while corres
ponding prices have decreased by orders of magnitude.) 

Why, then, h~sn't the significant interest by industrial and govern
mental sectors, coupled with low-cost base technologies, served as a catalyst 
to cause more manufacturers to enter the marketp 1 ace. An analysis of the 
technology, combined with interviews with potential MC/SC customers and manu
facturers, provides the following rationale. 

2.4.1 Business Climate And Available Products 

A better understanding of the developmental state of the MC/SC can 
be obtained by examining the current business climate. This is accom-
plished by introducing many of the industrial players and briefly describing 
their products and applications. 

The smart card/memory card industrial sector can be broken down into 
three groups: 
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TABLE 2,2 U, S, PATENTS RELATING TO MC/SCs 

Date 
U.S. I 
P~tenl No. , Description lnvl!'nlor Assi~nee 

J,inuJrv 25 . 11:l71 3,br .994 Active Elec1r1cal Card Jules K. Ellingboe . TRW . Inc .. 
Device Palos Verdes Peninsula . Redondo Beach , CA 

CA 

Frhruarv 8 . 1972 3,641 ,316 lder,1,i1ca11on System Jurgen Dethlon, Hamburg. None 
Germany: and Helmut 
Gonrup, Mun,ch , 
Germany 

~ovember 7. 1972 3,702 ,46-1 lniormalion Card Paul P. Castrucc1 , IBM Corporation . 
Poughkeepsie. NY Armonk. NY 

June 11. 1974 3,816,711 Decoding Apparatus and William W . Bliss. None 
Syslem tor an Electr1• Los Angeles , CA 
cally Encoded Card 

Februar\ 25 1r5 3,868,057 Credit Card and Iden- Roben C. Chavez . Nonf' 
tity Vt:'riiica11on Las Vegas. r-.v 
System 

Septt>moer I b . 1975 3,906.460 Proximily Dara Transier John \V . Halpern . None 
System wilh Tamper Novalo. CA 
Proo, Portable Data 
Token 

JJnuarv ~o 1976 3.934.121 Electronic Security James A. Ricc11e lli . None 
Card dnd System ior San Jose. CA 
Au1hen11cating Card 
Ownership 

,~, .. ,- JQ;-(, 3.971 91b Methods oi Data Stora~e Ro la nd Moreno . Soc1ete lnlernationa le 
and Dara Srorage P,:ir,s . France pour L' lnnova11on , France 
Syslem, 

lanuJr\ ..: . 1977 4,001 .550 Universal Funds Transier Vernon L. Schatz , None 
and lden11iica1ion Card r-.onhi1eld . IL 

FPhruan 8 JQ;-~ 4 .oo:- .355 Dala-T ransier System Ro land Moreno. Societe lnternattona ie 
Pans . France pour L"lnnovat1on , France 

\!av 30. 19~8 4,0'12 ,524 Syslems tor Stonng Roland '-10r!'no Soc1e1e Internationa le 
and Transiemng Paris. FrJ.nce pour L' Jnnovat1on , France 
Data 

lul, 25 1978 4.101.493 System; ior Storing Roland Moreno, Societe Internat ionale 
and Transrerring Paris , France pour L' Innovation. France 
Data 

Augu,t H 1978 4, 105.156 ldentiticarion Jurgen Dethloii, None 
Syslem Saieguarded Hamburg, Germany 
AgJ1n,t Misuse 

\1av 20. 1980 4.204 , 113 System for Keeping Georges Giraud None 
Account of Pre- and Jean H . -\1ollier . 
derermined Sainr-Ouen . France 
Homogeneous Units 

lulv 8. 1\180 4,211.919 Portable Dara Carrier Michel Ugon . Compa~nie lnternat1onJ le 
Including a Sa1n1-Ouen , France pour L' lnrorma11que 
M1croproces,or Paris . France 

Septt'mher 28 . 1982 4.352,011 Subscrip11on Card Lou is C. Cu illou , E1abl1s,emen1 Public de 
ior ,1 Video,.,, Paris. France Diiiu,ion er de 
Receiver Teled1irus1on 

de France. France 

lanuarv 4 . 1983 4,367.402 System tor Keeping GeorKes Giraud Cii Honeywell Bull 
Accounl oi Pre- and Jean H . Mollier , France 
dt,lerm1ned Saml-Ouen , France 
HomQ1Z:eneous Unih 
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• Group I - Manufacturers with commercially-ready products, 
• Group II - Manufacturers who have made public their intentions to 

produce products, but have not yet demonstrated 
working systems, 

• Group III - Companies that have not publically announced their 
business goals in this area, but who have been visible in the 
industry, 

The discussion that follows describes each group in more detail, broken down 
by smart card and memory card activities, where appropriate. 

2.4.1. l Group I. · The three French manufacturers are currently the 
only firms which have demonstrated and are selling complete working systems in 
the smart card area. Pictures of each of these products are shown in the 
Figure 2.5. While these devices are not compatible due to their internal 
hardware architecture and external metallic contact pattern, the companies 

· have agreed to a common card-terminal interchange protocol for future use. 
(While there are three manufacturers of cards in France it appears that the 
overall technology and protocol utilized by the 8-bit 11 CP8 11 card from CII 
Honeywe 11-Bu 71 is becoming somewhat of a de facto standard. Each of these 
cards offers a microprocessor and EPROM-type memory. The specialized arch i -
tecture allows for the storage of program software, customer inform-
ation, and transaction information in a secure fashion (See Figure 2.6.). A 
synopsis of each of the three French manufacturer's products are as follows: 

CII Honeywell Bull (France) - U.S. 
Subsidiary: Micro Card Technologies, Inc. (Texas) 

Memory Card Technology: Microprocessor-Based Smart Card, .030 11 

plastic package, M6805E processor, BK EPROM 

Interface Technology: Metallic contacts 

Cost: 
Initialization 
Cards 

$50,000-$100,000 (software customization) 
$3 ( 11 prepaid 11 card) 
$15-$20 ( 11 subscriber 11 card) 
$3-$5 (CPS card, >SM) 
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FIGURE 2•5 REPRESENTATIVE FRENCH SMART CARD PRODUCTS 
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FIGURE 2.6 MEMORY ALLOCATION IN THE FINANCIAL SMART CARD 
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Terminal $1,500-2,000 (with keyboard) 
$500 (reader only with RS232) 

Primary Applications: Financial, medical recordkeeping 

Description of Activity: Bull currently offers several products. A 
"prepaid" card is a simple device which is purchased by the customer in the 
same manner that he would purchase bus tokens, stamps, or subway passes. 
Electronic value is stored within the card and debited at a prescribed rate 
(example, 1 bit per bus ride) until all bits within the card are depleted. 
The card is then discarded. The CPS card is targeted for transaction systems 
requiring storage of transaction histories, account balances, and security 
codes. This card is capab 1 e of severa 1 hundred transactions, and is then 
discarded when the memory space is used up. 

1he high quantity price for these cards ($3-$5 in quantities greater 
than five million) has not yet been substantiated, but it is Battelle's 
opinion that it is an overly-optimistic estimate. It is unlikely that the 
cost will fall below the $5-$10 range. 

In · order to use this technology, a significant up-front investment 
is required for card initialization and software customization. Special CPS 
development systems and trained personnel are required for this effort. 
Battelle has found that the initialization costs can range from $50,000-
$100,000, depending on the complexity of the application software. 

Philips Data System 

Memory Card Technology: .030 11 plastic card, licensed to use Bull
CPS technology, now using Motorola IC and fabricating their own 
cards, reportedly 18K EPROM, earlier cards were based on Intel 
8021 processor/16K EPROM. • 

Interface Technology: Metallic contacts 

Cost: 

Initialization 
Cards 
Terminals 

$50,000-$100,000 
$15-$20 (CPS card) 
$1500-$2000 (w/keyboard) 
$500 (reader only w/R5232 interface) 

Primary Appl i cations: Financial, personal recordkeeping 

Description of Activity: Substantially similar to Bull-CPS 
discussion discussion above. Prior to conversion to CPS, Phillips used their 
own 2-chip smart card in early prototype applications. The DOD RAPIDs test 
also used 200 Philips cards in its Ft. Lee trial. 
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Flonic-Schlumberger (France) 

Memory Card Technology: Programmable Logic Array with 4.6K EPROM, 
.030" plastic card 

Interface Technology: Metallic contacts 

Cost: 

Initialization N/A 
Cards $10 
Terminals N/A 

Primary Applications: Financial 

Description of Activity: Substantially similar to CP8 discussion. 
Reportedly has had manufacturing quality control problems of unknown nature. 

French Smart Card Experiments. Perhaps the most prominent app 1 i ca
tions of the smart cards has been in the financial industry in the payment 
systems area. Three separate point-of-sale (POS) experiments have been in 
progress since the beginning of 1983, with each manufacturer assigned a city
wide location: CII Honeywell Bull in Blois, Flonic-Schlumberger in Lyons, and 
Philips SA in Caen. The Blois trial is supposed to distribute 25,000 cards 
and the Caen and Lyons trials 50,000 each, for use in about 200 POS termi~als 
in each location. It has taken much longer than anticipated to iron out 
administrative, marketing, and technical problems, particularly arrangements 
with the sponsoring banks and getting consumers to use the cards. Only 55,000 
of the projected 125,000 cards were distributed as of last October. No 
results or use-statistics have yet been made public. A scenario for use in 
these systems is described below. 

At the point of sale, the card is plugged into a terminal that has a 
separate customer keypad to protect privacy. The sales amount entered by the 
sales clerk through the main keyboard is displayed on the customer's unit and, 
if it is acceptable, the customer enters his PIN. If this PIN agrees with the 
one stored inside the card and if the store's terminal has previously been 
activated by a legitimate store-owner's card, the transaction can proceed. 
Factory-entered microprogramming in the card carries out the PIN comparison 
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entirely within the card, a significant advantage over memory-only cards, 
which require that the transactional terminal be secured. 

The terminal determines whether the purchase amount, plus the sum of 
the past month's purchases read from the customer's card, exceed the monthly 
authorization on the card. If there is enough credit left, the transaction is 
completed, and the transaction date and amount is written into the customer's 
card. A printed. receipt may also be generated. 

At the same time the date, amount, and the purchaser's account 
number are entered into an electronic memory inside the store's terminal. In 
this 11 store and forward 11 terminal attachment mode, an entire transactions file 
is de 1 i vered -- daily or at any convenient i nterva 1 -- to the stores I s bank 
via a dialed telephone link or by physically transporting the memory module to 
the bank. The bank clears the transactions by the electronic transfer of 
funds from the purchaser's account to the store's account. 

Another e 1 ectroni c-payment experiment has recently begun in Norway 
using the CPS microprocessor-based memory card. To be carried out in the city 
of Lillestrom, just north of Oslo, the experiment initially will involve 40 
payment terminals in shops, 10 terminals in banks for loading and validating 
cards, 10 card-query terminals with which users could consult the data stored 
in their cards, and 24 card-payment telephone booths. 

French technology has not 11 sold 11 well in the United States as yet. 
The main reason for this is that the French MC/SC technology has been pri
marily oriented toward financial applications. The U. S. financial industry 
has resisted attempts to move away from conventional magnetic stripe tech
nology due to their multiple billion dollar investment in plastic cards, 
terminals, and ATMS--all of which are magnetic stripe-based. In order to 
expand the marketing capabilities of the French in North America, satellite 
offices are being set up in the United States and Canada. Honeywell 
Information Systems (Massachusetts) and TTI, Incorporated ( Canada) represent 
the French Smart Card manufacturers directly. MicroCard Technologies (Texas) 
is a subsidiary of CII Honeywell-Bull, but has plans to manufacture the 
product in the U.S. soon. Amrix Corporation (Texas) is also licensed to work 
with Bull technology, and is producing their own reader/terminal technology. 
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In August of 1984, MicroCard Technology signed its first major 
contract, to provide CPS cards for a drug-interaction system from Medication 
Services Inc., Menlo Park, California. When inserted and activated in a slot 
in a terminal, the smart card 1 s 8-bit microcomputer chip will process and 

store patients medical records in on-board memory as well as track drug usage. 
Amrix Corporation has also used CPS cards in medicine. For two 

years, they have been designing medical insurance systems offering C-PB cards 
and read/write peripherals which are integrated into IBM PC and PC-compatible 
computers. Amrix uses Honeywell Information Systems as its source for CPB 
cards. 

design, 
Personnel 

Department of Defense Applications. In 1982, the DoD initiated a 
development, and test program to evaluate the Realtime Automated 

Identification System (RAPIDS). The RAPIDS program evolved in 
response to the concern expressed by Congress, the General Accounting Off fee 
and others regarding the waste and fraud associated with the way benefits are 
currently provided to the eligible personnel in the uniformed services. 

Input Output Computer Systems Incorporated (Maryland) was the 
systems integrator for the smart-card-based identification system. Philips 
Data Systems supplied approximately 2,000 of their two-chip smart cards as the 
principal hardware, as shown in Figure 2.7. The smart card field test was 
conducted at Fort Lee in Petersburg, Virginia between April and October of 
1983. 

In order to determine card durab i 1 ity, accelerated 1 if e tests were 
also conducted. These included resistance to embossing, end peel, encoding, 
flexure, solvents, temperature, infrared radiation and ultraviolet light. 
Informal discussions between Battelle and RAPIDS project staff members 
indicate that the test results showed that there are st i 11 durability and 
security issues to be resolved. 

Aside from the three smart card manufacturers mentioned above, no 
other firms currently offer a commercial-ready smart card package, which is in 
the form of a credit card. The volume of cards in use worldwide is difficult 
to estimate at this point, however it is likely that in excess of 100,000 
cards have been produced and distributed to date. 
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In the general memory card area, several non-card-shaped commercial 

products are available. Datakey Corporation in (Minnesota) offers several 

portable data carriers in the shape of keys, dog tags, and inventory tags. 

The Datakey products are shown in Figure 2.8. This product differs 

from smart card technology in two ways. First, while some of the products 

contain an on-board microprocessor, this fact is purely transparent to the 

user; its function is for internal data management. Through the data key 

reader and appropriate controlling software, the user of the system can gain 

access to all information stored on the key. The second area of difference is 

that the data key utilizes electronically erasable memories; therefore, it is 

possible to update and change information on the key without exhausting its 

memory capabilities. Financial smart cards currently use a non-eraseable 

memory. 

The Datakey systems are compatible with standard communications 

schemes and therefore can be hooked to any standard computer system. The 

portable data carriers can be thought of as disc files and can be treated 

similarly by any software designed to work with the product. Since the infor

mation contents of the devices are accessible by anyone with a reader, 

security can only be provided though the use of data encryption. 'fhe Data 

Encryption Standard (DES) or public key cryptosystems provide high measures of 

security and could be utilized in specific applications which necessitate 

security. The Datakey products range in memory capability from less than 

2,000 bits to 64,000 bits of information at present, and range in price from 

approximately $5 (for a 2K device) to $170 (for a 64K device). 

Applications of these devices include inventory management, access 

control and fleet fuel management. Computer Dialysis Systems, Inc. uses a 

Datakey positively attached to a dialysis cartridge to identify it at all 

times. Stored on this Datakey is the patients' name and medical condition, 

and the number of times the dialyzer has been used. The Datakey is utilized 

in controlling dialysis protocol and for cleansing systems for reprocessing 

dialyzers for reuse. In access control, the key system has been utilized as 

an electronic lock, thus allowing "tumbler" combinations to be set 

electronically. The lock mechanism is no longer a set of physical tumblers to 
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be mechanically reset. Instead, the information is stored in the key's data 
base and must match identification numbers stored by the lock itself. New 
combinations can be implemented instantaneously. Because of the ease of 
system changing combinations, hotels and rental car companies have had strong 

interest in this concept. 
A final application of Datakey has been designed by Western 

Electronics Corporation (Texas) and is marketed under the name 11 Datamax 11
• 

Western Electronics markets and supports a fleet fuel management system. (See 
Figure 2.9). The Datakey is assigned to each vehicle for the purpose of pro

viding and storing information about the vehicle and other parameters of the 
fueling process. The Datakey is encoded with a unique security access code. 

This 10 digit code is known only to Western Electronics and is encoded at the 
time of manufacture. The Datakey, after having been encoded with the security 

access code, is also encoded with (but not limited to) the following informa
tion which is supplied by the system operator (a master 0atakey must also be 
inserted in order to allow any vehicle 0atakeys to be encoded): 

• Vehicle Number - This number is the actual 1 - 10 digit vehicle 
number used by the fleet and may take any farm of alpha-numeric 
digits. 

• Vehicle Fuel Type - When a vehicle 0atakey has been authorized to 
a vehicle, only the specified fuel may be authorized by the 
remote fueling site computers. 

• Vehicle Tank Size - The maximum whole number of gallons allowed 
the vehicle restricts the amount of fuel available at each trans
action. When this limit is reached during a fueling transaction 
the computer will terminate the transaction. 

• Rationed Vehicle Tank Size - The maximum whole number of gallons 
allowed the vehicle when the computer is in the rationing mode. 

• Vehicle Department Code - The vehicle department code consists of 
a up to ten letter or number code used to identify the department 
responsible for the vehicle. 
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FIGURE 2.9 EXAMPLE OF FLEET FUEL MANAGEMENT 
USING MEMORY CARDS 

(Photo courtesy of Western Electronics Corporation) 
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• Current Mileage - The current mileage is updated each time a fuel 
transaction takes pl ace. The current mileage is entered by the 
vehicle operator before an author-ization request is made to the 
central computer. 

• Odometer, Hourmeter, or None - This field is used to specify if 
an odometer or an hourmeter is used by the vehicle. 

• Service Mileage - The next mileage that service is due on the 
vehicle is inserted in this field. If this mileage is exceeded 
by the current mileage, the computer will display a message 
notifying the vehicle operator that service is due. Fuel may be 
denied or limited to this vehicle after a predetermined number of 
notifications 

A final example of a memory card product is offered by the Lear 
Siegler, Inc., Instrument Division (Michigan). Termed the Data Transfer 
System, it is a user-oriented, multi-purpose computer system providing 
accurate mission planning and post mission planning analysis for aircraft 
applications. 

A ground-based computer is first used to load key mission data into 
a pocket-sized, solid-state Data Transfer Module. A crew member then carries 
the module to the aircraft, and loads a comprehensive array of operational 

information required for the mission. At mission's end, the process is 
reversed and the module is returned to the ground-based computer where all 
post-flight data can be extrapolated, displayed, and evaluated, including 
maintenance data. Memory capacity is available from 2,000 words to 32,000 

words. Figure 2.10 shows the data transfer module. 

2.4.1.2 Group II 

Companies included in this category have indicated a capability in 
MC/SC systems, but have not yet demonstrated working or available systems. 
The most prominent company in this category is the Drexler Technology 
Corporation, which manufactures an optical storage memory card. The optical 
stripe on the back of the card is of similar size to the conventional magnetic 
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FIGURE 2.10 DATA TRANSFER MODULE USED BY 
LEAR SIEGLER, INC. 
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stripe but has the ability to store many times more information (approximately 

1 million bits). It is read by a low-cost, laser-powered device. Data is not 

erasable, because the laser physically burns a microscopic hole in the media 

to signify the digital data, as shown in Figure 2.11. 

Nine U.S. patents have been issued to Drexler Technology on this 

media and patent applications have been filed in 17 countries. One patent has 

been granted thus far on a laser memory card. 

The gold-like reflective appearance of the card I s recording stripe 

is actually created by a high concentration of two types of pure silver grains 

in a cross-linked gelatin matrix. One type of silver is the highly reflective 

type used in mirrors. The other silver grains are filamentary and create a 
black appearance, as in black-developed microfilm. The two types of silver 

are blended in a proportions to yield a 40 percent reflectivity. The quantity 

of silver is very small - less than $.01 per stripe. Cards are predicted to 

cost approximately $1.50 each. The Drexon™ tape is produced in 1,000-foot 

rolls for insertion in the card on a continuous basis in an automated 

manufacturing facility. TM The Drexon tape is sandwiched between two 

polycarbonate sheets which are bonded together to form the card. 

In late 1981, Drexler Technology announced the laser card product. 

After studying the markets for a number of months, it became clear that there 

are a large number of applications and market segments for this technology. 

For many situations, optical/laser card equipment could be adjunct to existing 

equipment, 

equipment. 

either peripheral or eventually as an integrated part of the 

It would not be feasible for Drexler Technology to produce the 

wide variety of optical/laser card equipments needed for the various markets, 

so the following plan was developed. 

The plan consisted of two parts. The company is establishing 

manufacturing and quality control facilties for producing cards in high 

volumes and at a low cost. This portion of the plan was announced in February 

of 1982. The goal is to have a production capacity of 100,000 cards per day, 
or 25 million cards per year. 

The second part of the plan is to develop equipment designs and 

prototypes of four different versions of card equipment to satisfy the needs 
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STRUCTURE OF DREXON™ MATERIAL 
FOR LASER MEMORY CARDS 
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On top of the polyester film substrate are three layers: an encapsulation layer, a crust, and an under/ayer. The encapsulation layer is a 
thick, transparent, plastic coating. The crust consists of silver grains of filamentary and spherical shapes dispersed in an organic f 
colloidal matrix. The under/ayer consists of the same organic colloid but is essentially devoid of silver particles. The under/ayer 
thermally insulates the reflective crust and increases the laser recording sensitivity. 

Digital data bits are recorded when a laser beam melts holes in the reflective surface of the material. The organic colloidal matrix melts , I 
at under 200° C, permitting the use of low power semiconductor-diode lasers. Data bits are decoded as the absence or presence of 
holes, as determined by the intensity of the reflected light. The DREXON™ material is the only laser recording medium now offered 
commercially. 

FIGURE 2.11 RECORDING PRINCIPLE FOR OPTICAL MEMORY CARDS 
(Courtesy of Drexler Technology Corporation) 
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of the majority of the various interested companies. These versions include a 

mi crobar code reader, a data spot reader for computer software, a 

writer/reader for data recording and documentation for many applications, and 

a debit card machine for reducing the monetary value of debit cards as value 

is used. 

SRI International ( formerly Stanford Research Institute) is funded 

by Drexler Technology to undertake the development of the four prototype 

machines. Concurrently, the company is offering license and knowhow 

agreements on these equipments to a group of companies in the United States, 

Europe, and Japan. It is estimated that card reader products will be 

announced by several companies before the end of the first quarter of 1985, 

and that the writer/reader products may be offered by the end of 1985. 

SRI has completed work on the majority of card reader designs but, 

as yet, there are no manufacturers of the terminals. Drexler envisions that 

readers will be available from its licensees at a cost of $500 for a 

read/write terminal on an OEM basis. The reader is designed to be a 

peripheral to a standard personal computer system. Toshiba Credit, Sanyo 

Electric Credit, Sharp Finance, and Mitsubishi Electric Credit are jointly 

funding a new company called Card Japan to issue these cards. 

Smart Card Systems, a division of International Micro Industries 

(New Jersey), also actively advertises manufacturing capabilities in the 

memory card/smart card area. The company has been very vocal in the industry 

and purports a specific technology advantage in its unique semi-conductor 

bombing capabilities. Efforts by Battelle to gain more information about 

their product line resulted in little information, due to proprietary work 

between Smart Card Systems and several sponsors. However, Smart Card Systems 

does not currently advertise a smart card product that is available for off-

the-shelf purchase. 
1 

A third company active in pursuing smart card business is Smart Card 

International of New York. Smart Card International is the only U.S.-based 

company which holds license rights to the French Smart Card patent. However, 

the company is currently very small and has no production facility. 
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Casio Microcard Corporation has attracted a great deal of interest 

since announcing their intention to market and produce a smart card product in 

the United States. Already Casio produces a thin line calculator that 

approximates bank credit card specifications. The company claims to hold 30 

patents for their technology. 

The Casio smart card features an 8-bit microprocessor, a 16K EPROM 

memory, and a meta 11 i c contact interface. They p 1 an on concentrating on 

financial transaction applications and have already verbally agreed to a 

market test with Mastercard in the spring of 1985 involving 50,000 cards. The 

projected per card cost ranges between $5 and $8. 

Hitachi-Maxell is another company that is actively engaged in the 

design of a smart card product. They have just completed an initial prototype 

of an 8-bit microprocessor card with a 64K EPROM memory. Hitach i-Maxe 11 is 

using wire-bonding techniques for the manufacture of the smart card and, while 

it does not meet bank card standards, the card is not designed for use within 
the financial industry. Instead, Hitachi-Maxell has targeted inventory 

control and diagnostic applications. On a large quantity production basis, 

the cost of the card is projected to be in the neighborhood of $20 each. 

2.4.1.3 Group III 

Many companies are categorized in this area. Information in this 

area is based on information which has appeared in the public domain over the 

course of the past few years. Companies in the U.S. which have had (or have 

current activity) in this area include: 

• Chase Manhattan Bank 

• Bank of America 

• I nte 1 

• Motorola 
, roes 

1 NCR 

• US Army 
1 IBM 

• Stanford Business Research 
Foundation 

It is likely that many of these companies have been involved in the 

funding and production of MC/SC prototypes within their own facilities, 
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however, the extent of development or nature of the application is unknown or 

cannot be disclosed. 
It is probable that a great deal of activity in the MC/SC area is 

taking place today in Japan. The following manufacturers have indicated a 

major interest in the industry: 

• Dai Nippon • Toshiba 

• Sharp • Fuji Advanced 
The Japanese have generally indicated a strong interest in this area 

but have maintained an extremely low profile. They have claimed to produce 

prototypes of smart cards, but Battelle has seen no indication of these 

products in the United States. It is likely that the Japanese represent a 
very strong technical presence in the industry, following their proven track 

record in electronics, automotive industry, and consumer product design. 

Therefore, it is likely that they are waiting on the sidelines until a proven 

application to be identified so they may enter the marketplace. 

2.5 Future Directions 

The financial community was the first to show an interest in the 

memory card concept and has driven the development of standardization in both 

form factor and electronic contact. However, a large commitment to the 

magnetic stripe throughout the financial industry is impeding the progress of 
memory card systems. For this reason, it is unlikely that financial 

communities will be the first for the wide-scale use of the technology. On 

the other hand, several applications exist which have no technological 

precedence set and thus would allow the easier entry of smart cards into that 
environment. These applications include Department of Defense, 

Transportation, etc. 

Obviously, the . existence of a tech no 1 og i cal precedent such as the 

magnetic stripe card is not the only factor involved in a graceful transition 

to a smart card technology. For example, changes in accounting procedures and 

logistical factors also play an important role in the decision to select this 

technology. However, the additional existence of a physical specification 

2-35 



(i.e., the magnetic stripe reader, ATM, etc.) and the wide distribution of 

these devices into the commercial marketplace add an extremely difficult 

hurdle for a successful market penetration. 
While MC/SC technology offers enhanced storage and intelligence 

capabilities, these capabilities are considerably more costly. However, the 

MC/SC card is subject to the same drastic price decline as that witnessed by 

the other products in the micro-electronic revolution. While the cards are 
still somewhat expensive, an increase in production volume will help 

counteract the large investment necessary to embed a chip in the card. 

Another difficulty in memory card systems is that to date they have 

been somewhat difficult to develop to a customer's requirements at a 
reasonable cost. For example, the development of a sma l l-sca 1 e memory card 

experiment (perhaps involving one reader and several cards) involves 

significant interactions between the manufacturer and client to custom program 
and manufacture these devices. This is analogous to early developments in the 

microcomputer revolution where the knowledge necessary to operate these 
devices had not been adequately disseminated. In order for corporations to 

gain more confidence in these systems and to demonstrate their feasibility on 
a small scale first, it is not cost effective for them to heavily depend upon 

the manufacturer to provide applications support. Nor is it prudent for the 

manufacturer to get involved with each of these applications on a one-to-one 

basis if it is their ultimate goal to become a large manufacturer of cards and 
terminals. This limiting factor will significantly restrict the number of 

customers who are exposed to MC/SC technology; therefore, also impacting the 

rumber of applications that will ultimately reach commercialization on a large 

scale. 
The memory card/smart card represents innovative packaging of micro

electronics but, from a strictly technical viewpoint, there have been and will 

continue to be a few technical barriers hindering its development. In the 

case of the bank smart card, the single largest barrier that needed to be 

overcome was the development of a packaging concept which would allow an 

integrated circuit (typically 18- to 20-mils thick) to be hermetically sealed 

within a metallic structure and subsequently placed in a plastic card, while 
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still conforming to the .030-inch bank card standard. The earliest smart 

card, using an interconnection technology known as wire bonding, had 

difficulty meeting these requirements. However, innovations in wire bonding 

and other packaging methods such as tape automated bonding (TAB) have made it 

possible to easily place powerful microcomputers and memory into this thin 

package. Tape automated bonding allows the integrated circuit die to be 

bonded to external contacts using a flexible plastic tape with copper etching. 

This process significantly reduces the overall height of the circuit/bonding 

package. 

In some applications, innovations and the utilization of portable 

data processing came much quicker. For example, the utilization of 

microprocessors and electronic memory in their conventional commercial package 

(dual in-line packaging) gave rise to a variety of ''portable data carriers." 

Video game cartridges, digital watches, slim-line calculators, electronic 

keys, and military dog tags are all examples of the innovations made possible 

by the small size of microelectronics. 

The future direction for memory card technology focuses on more 

straightforward utilization of the technology on a pilot level. Today, for 

instance, French smart card applications are extremely expensive endeavors. A 

fixed cost of approximately $100,000 is required to initialize and personalize 

the cards for the particular application, regardless of the card volume. 

Thus, for the company or organization interested in testing their application 

with only a few cards, the financial investment is 

enormous. 

The new direction is to provide an easier mechanism for concept 

development and testing. Rather than requiring that the manufacturers get 
involved in each and every effort, regardless of volume, the customer will be 

given the means to customize his own application. The Datakey Corporation has 

adopted this sales philosophy and, with their hardware, one can test concepts 

for a hardware investment of only several thousand dollars. 

A second major thrust with MC/SCs wi 11 be the increased use of 

erasable memories, such as the EEPROM. This will allow for MC/SCs which do 

not 11 wear out II after a sma 11 number of transactions and wi 11 a 11 ow their 

purchase cost to be amortized over larger usage periods. 
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3.0 POTENTIAL MC/SC BASED FARE COLLECTION APPLICATIONS 

3.1 Introduction 

The purpose of this section is to present a conceptual design for 

two different memory card systems to facilitate the fare collection process. 

An essential point implicit in cur analysis is that technical feasibility is 

not the only consideration that needs to be evaluated i n designing a MC/SC 

based system for fare collection. Rather, cost and the suitability of the 

memory card to solve existing fare collection problems are a l so essential 

considerations that must serve as input into the design process. Conse

quently, this section explores both the business and technica l issues asso

ciated with a MS/SC based system in deriving the design objectives of such a 

system. 

3.2 Design Considerations 

Thus far in the report, it has been est ab 1 i shed that the mini aturi

zat ion in electronic circuitry made possible by advances in vary large scale 

integration (VLSI) technology has made the MS/SC a technically viable system 

concept. Over the past seven years, many of the technical problems associated 

with the MC/SC have been resolved to the point that a MC/SC can now be 

designed within the financial industry's ISO (International Standards 

Organization) and ANSI standards for a plastic credit card. The ANSI 

standards for a bank credit card are shown in Figure 3. l.* 

Despite the rapid technical developments and the number of companies 

actively involved in MS/SC development as described in Section 2.0, the tech

nology has not yet been widely adapted by an industry segment in any country. 

As also discussed in the previous section, this absence of a widely demon

stratab le MC/SC system, means that the tech no logy remains 1 arge ly unproven 

under field conditions and relatively expensive to implement, even on a 

limited pilot basis. 

* The most technically difficult standard for MC/SC manufacturers to meet is 
the .030 inch thickness requirement. 
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This is not to say that MC/SC technology faces a dismal future. The 

inherent advantages of the MC/SC over the commonly used magnetic stripe are 

significant. The additional storage capacity allows for increased security 

provisions to be built into the card as elaborated upon in Section 2.0. Also, 

increased storage capacity allows for the capture of detailed transaction 

specific data. The most important feature of the MC/SC is that it serves as a 

decentralized data carrier thus providing certain advant~ges over communi

cations dependent on-line systems. 

As e 1 aborated upon in Appendix C, the most notable problem is the 
magnitude of revenue loss due to fare evasion, internal fraud and other means. 

As reported by the Transportation Systems Center revenue 1 oss due to fare 

evasion and other types of fraud may run as high as 20 percent of all operat

ing revenues at some properties. Most importantly, as dollar bill processing 

increases, so will the extent of fraud. 

Structural penalties caused in part by limitations of current fare 

collections systems are also a major problem. As outlined in the appendix, 

one study showed that structura 1 fares could cover up to 60 percent of a 11 

operating costs based upon distance and time of day parameters. Today, fares 

at typical properties contribute only 40 percent of operating costs. 

Problems in existing farebox systems are not limited to the current 

level of fraud losses and opportunity costs. Foreign debris in both coin and 

dollar mechanisms are a primary culprit of farebox malfunctions as are 

crumpled bills, and limiting vault capacities on the farebox, vibration, power 

surges, and a host of other environmental types of problems. Despite these 

obstacles improvements have been made. Procedural changes in most transporta

tion properties have all but eliminated on-board robberies. Vandalism of 

fareboxes is also running at a very low rate. Counting accuracy has been 
measured at 96 percent and the mean time between farebox failures ranges in 

the 3 to 4 week range. Research studies have noted that maintenance proce

dures are facilitated by the easy assessibility of farebox component parts. 

This suggests that new solutions are needed to eliminate some of the 

existing problems prevalent in the fare collection process. One primary 

design objective of a new fare collection system is to provide a substitute 
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for currency and coin in fare payment. By displacing a percentage of dollar 

bill fares, vault capacities will not be as great of a limitation. Similarly, 

displacement of currency and coin fares are likely to reduce the number of 

mechanical failures due to debris while also lessening the opportunity for 

fraud and theft due to the reduced presence of bills and coins. In order for 

this design objective to be met, the system must be oriented to provide 

clearcut advantages to the ridership to spur widespread usage and thereby 

create a significant reduction in currency and coin usage. While it is 

recognized that paper passes, tokens, and even magnetic stripe cards are 

existing methods to displace currency and coin, the following discussion 

suggests that the MC/SC is a promising additional mechanism to satisfy this 

design objective. 

An even more critical second design objective is to place an 

increased intelligence capability at the fare collection point. In this way, 

the opportunity is presented to accomodate di stance and time of day based 

fares without requiring direct driver intervention in entering variable fare 

schedules or in verifying the deposited fare. This design objective if 

satisfied could increase consumer interest in the MC/SC given that incentive 

discounts are made available to MC/SC purchasers at the time of sale. 

3.3 Design Components for a Memory Card System 

With these two genera 1 design objectives set forth, the four major 

design components of a MC/SC system are now analyzed. These four components 

are: 

• Microcircuitry 

• Encasement 

• Coupling 

• Interface system. 

The most significant design issue in the development of a MC/SC 

based fare collection system is whether the fare collection application 

requires a MC/SC merely for the storage of information (a memory card system), 
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or if an on-card processing capability (smart card) is required such as was 

described for the Datakey system in Section 2.0. 

The implications of this design issue extend beyond card design and 

are best determined by the design philosophy of the entire fare collection 

system. For example, will the MC/SC system be designed solely for the fare 

collection system or will it be a general purpose card adaptable to a variety 

of different functions? Is intelligence or decision making best performed by 

an external terminal, or does specialized logic (smart card system) need to be 

placed within the card? Can the MC/SC be designed to totally replace all 

currency and coin from the fare collection system or would this represent an 

unrealistic edict on the part of a transportation authority? 

3.3. 1 Microcircuitry 

Deciding whether the card will need both storage and i nte 11 i gence 

capabilities is dictated by the role that the card needs to serve in the fare 

collection system. In a memory card system where the decision-making takes 

place at the terminal (e.g., farebox) or central site, a primary issue is 

whether or not the data contained within the memory card needs to be pro

tected and if so, through which encryption technique. Terminal design is also 

a more complex task in a memory card system in that the terminal must perform 

a more complicated function therefore increasing its design complexity and 

cost. 

A smart card system presents the system designer with a different . 
set of issues however. Typically a smart card is demanded by an application 

that features large storage requirements and a need to perform functions that 

are based on dissimilar parameters at decentralized locations. Although 

terminal costs can be less expensive, based upon a more simplistic terminal 

design, the logical circuitry required within the card itself adds cost to the 

·system. 

Analyzing the characteristics of the fare collection application, 

several conclusions become evident. First, transit fare collection is a high 

volume, low transaction value operation that is based upon a fairly small set 
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of operational parameters (i.e., few types of different fare structures). 
This immediately leads to the determination that a MC/SC used exclusively for 
fare collection does not need to be complex in function. The primary role of 

a MC/SC in such a system is to contain stored value in a machine readable 

form, not to perform complex logical operations. 
The natural conclusion to be made here is that based upon these 

requirements, a simple memory card system is all that is demanded by the fare 
collection application assuming that the card is used exclusively for fare 

collection and not for a variety of other payment purposes. 
While a MC/SC with a wide range of uses would naturally be of 

greater value and utility to a card carrying consumer, other realities 
addressed within the report seem to preclude this option. For example, MC/SC 
technology while mature to a degree from a development standpoint, remains in 
its infancy in terms of operational systems. Few prototype systems have been 
tried. Rather than attempt to integrate an early stage MC/SC project into a 
variety of payment functions, it seems to be far more reasonable to isolate 

its use to a singular function, such as fare collection. 
Other arguments can also be convincingly made against an attempt to 

design a highly integrated MC/SC system for fare collection as well as other 
applications. Perhaps the strongest is the simple logistical complications 
involved in obtaining a concensus on design decisions from retailers, banks or 
other institutions that may be interested in participating in such a program. 

As described in Appendix B, banks are not likely to be quick to embrace MC/SC 
technology in light of their investment in magnetic stripe technology. 

A further point to be made here is the low value nature of bus fare 
transactions, generally up to one dollar. With transactions of this amount, a 

trade-off exists between the level of security, the value protected, the cost 
of processing a fare transaction, and the amount consumers are willing to 
prepay transit fares required for a MC/SC. In other words, it appears 
unlikely that a significant percentage of the bus ridership population is 
willing to prepay fares in dollar amounts that exceed $50 (for example), 

unless substantial discounts are provided. Given this, the amount of stored 
value in a fare collection MC/SC is not likely to invite unreasonable threat 
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to the degree that encryption and personal identification safeguards need to 
be established. While basic security safeguards are necessary to discourage 
opportunistic crime, the overhead costs of designing and employing elaborate 

security features on the MC/SC are not necessary for this application because 
of the relatively small amounts of stored value. 

Thus far~ it has been established that the microcircuitry of the 
card need only be capable of an information storage capability since the card 
should be solely intended for use in the fare collection application. 
Futhermore, encryption features are not likely to be required due to the 

limited stored value of the card itself. The primary issue remaining 
pertinent to microcircuitry is the type of memory to be utilized. Given the 
comprehensive discussion contained in Section 2.0, it suffices to mention here 
that two types of so 1 id state memory wi 11 be pertinent to the MC/SC based 

systems described later in this section. 
The first is PROM (programmable read only memory), a simple and cost 

effective non-volatile memory type. The problem with PROM however is that the 

chip's contents cannot be updated and reloaded. It is best viewed as a card 
that contains a series of fuses that are blown every time the card is used. 
Therefore, memory cards utilizing PROM have a limited life and are disposed of 
once that their stored value in the form of blown fuses has been exhausted. A 
PROM can contain up to 32K bits of data and is relatively inexpensive to 
manufacture and issue. However, to gain all the benefits of its large storage 
capacity requires that the transit customer commit to a significant outlay of 

funds to purchase a 32K bi~ PROM based memory card (approximately $3 to $5 to 
produce a card). 

A second type of non-volatile memory warranting mention here is 
EEPROM (Electrically Erasable Programmable Read-Only Memory). Unlike PROM, 
EEPROM incorporates features which allow its contents to be altered. This 
approach is more expensive to produce and has less storage capacity than PROM 
(approximately $·4 to $7 to produce a card). Nonetheless, the trend is toward 
erasable memory because most fare collection applications are better suited to 
the utilization of a chip in which contents can be updated on a usage basis. 
EEPROM based cards are reuseable because of their design that permits the 
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reloading of stored values. However, the high volume, low value nature of the 

fare collection process is not necessarily well suited to the expense of 
EEPROM based cards unless the ridership can ·be provided an incentive to 

purchase and maintain their cards over a long period of time. 

3.3.2 Encasement 

With a basic understanding of the microcircuitry related issues that 
play a major role i n the possible use of memory cards in the fare collection 

process, we now turn to the issue of encasement; that is, the packaging of the 

circuitry within some type of container device. Keeping in mind that fare 
collection is today dominated by currency, coin, and cash surrogates such as 

tokens and prepaid fare passes, it seems to be a foregone conclusion that an 

appropriate container device is the plastic card, of which the dimensions 

should conform to the commonly used bank credit card. As described in an 

earlier section, other portable data storage devices have utilized other forms 

of encasement such as a key. Given that 500 million credit cards are used 
throughout the U.S., consumers are familiar with the credit card's size and 

shape and are accustomed to keeping cards of this size in wallets and purses. 
Although fitting the necessary microcircuitry into a card that is as 

thin as a bank credit card (.030 11
) has been a formidable challenge for MC/SC 

manufacturers, a strong case can be made for following bank leadership in the 
standardization process. Standards have been developed for plastic cards used 

in the nation's payment system, and the industry infra-structure is in place 

to support the manufacture and distribution of plastic cards conforming to the 

ISO (International Standards Organization) standards by which all financial 
institutions abide. Conformance to these standards ensures that future 

opportunities to integrate a MC/SC based fare co 11 ect ion system into other 

payment related app l i cat i ans are left open if and when integration becomes a 
feasible approach. 
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3.3.3 Coupling 

Integral to the MC/SC design is some type of information transfer 

mechanism a 11 owing communication between card and reader or termi na 1. The 

traditional method for smart cards has been metallic contacts on the outside 

surface to permit electrical connection with mating contacts in the reading 

receptacle. Optical cards are read by the use of a low power laser. New 

d~velopments have permitted microcircuit cards to be read by microwave inter

facing rather than direct metal to metal contact. 

For transit system fare collection purposes, the metal to metal 

contacts are the most economical and would thus be best suited for the rider 

who would use the card not more than several thousand times. The opt i ca 1 

laser technology may be cost effective in one or two years, since 

reader/writers are estimated to be $100-$300 in large quantities. However, 

Stanford Research Institute is still in the prototype stage of development at 

this time. Finally if conclusive data from the RAPIDS and French POS tests 

prove that the metal to metal contacts have a significant failure rate, 

transit systems may want to wait for the microwave technology by Germany 1 s 

Rexroth to become affordable. (Section 2.3.3 provides technical detail on 

this subject.) 

Another consideration is whether the card should be inserted into or 

swiped through the reader slot to activate the electrical connection. Since a 

rather uniform swipe is required to be effective, Battelle would suggest an 

insertion technique for more universal usag~ and fewer rejection and reinser

tion situations. 

In summary, the coup 1 ing feature presents several alternatives, but 

all the methods are functionally satisfactory and the coupling decision is not 

a critical one. 

3.3.4 Interface System 

The interface system refers to the hardware/software terminal con-

figuration in which the MC/SC interacts. The farebox today functionally 
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serves as both a transaction terminal and storage vault. Therefore, an 

adjunct card reader to the existing farebox configuration appears to be the 

natural interface system for a memory card based system. Al ready Cubic 

Western Data is developing a magnetic stripe card swipe reader as an optional 

component on their fareboxes. A memory card based system could utilize a 

similar farebox component. 

One of the questions posed earlier in this section was whether or 

not currency and coin could realistically be eliminated from the bus transit 

fare collection system. While this objective would certainly elimi nate many 

of the problems in existing farebox systems caused by mechan i cal failures, 

foreign debris, and pilferage, no precedent systems that exclusively use a 

cash substitute are currently in place in any of the nation 1 s bus transit 

properties. An experiment in Portland, Oregon attempted to partia l ly 

substitute various forms of prepayment with a European-style honor fare 

system, but the experiment was discontinued due to excessive cost. Since the 

issue is not direct l y related to the mechanics of a MC/SC system per se, it is 

viewed as being outside the scope of this particular report . For purposes of 

discussion here, it is assumed that the MC/SC based system will represent an 

add it i ona 1 payment mechanism for the ridership, not the only payment 

mechanism. Regardless of our assumption though, the conceptua l design of the 

MC/SC portion of the system remains the same. 

The interface component of the overall MC/SC system can yield great 

flexibilhy in satisfying the design objective of increasing fare revenue by 

accomodating time and distance sensitive fares. Already in this section it 

has been established that the generic fare collection application does not 

possess the necessary characteristics required for the design of a smart card 

type system. That is, farebox transactions are uniform i n function. Value is 

collected on a per person per ride unit. The only elements that can vary is 

the amount of the fare. The only purpose that a passenger held MC/SC can 

serve is to hold stored value in a machine readable form; the determination of 

the actual fare amount must be made by the interface system based upon _time 

and distance variables which may be prompted by driver entered parameters. 

There is no justifiable need for the passenger held MC/SC to contain stand 

alone processing power. 
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It follows from this that the interface system must be loaded with 

the appropriate parameters to accomodate time/di stance fares. At transit 

properties . today where state-of-the-art electronic fareboxes are used, various 
category fare amounts are set by the driver at the start of each day (or start 

of a fare cycle where rates uniformly change at a specific time of day). Once 

the appropriate fare amounts are entered on the driver's keypad, the passenger 

deposited fare amount is compared to the driver entered passenger category for 

correct payment and is acknowledged by the farebox. 
Given the desire for time/distance sensitive rates, this type of 

procedure no longer remains feasible. The amount of information needed to 

establish time/distance rates becomes too great to practically and accurately 
manually enter the rates for each source/destination/time-of-day combination 

at the start of his route. Given that the farebox itself already must have a 

card reading mechanism to accomodate passenger held MC/SC, it only follows 

that this same card reading component can be used for the initialization of 
the system with the appropriate rate structures for that bus's route. 

Therefore, given the need to set distance/time-of-day sensitive rates, the 

interface system can be best initialized through a driver held MC/SC (EEPROM 
to allow for rate changes). The distance and time-of-day parameters can then 

be utilized by the software within the farebox to calculate the passenger fare 

amount. Time based fares can be calculated through the incorporation of a 

clock into the farebox electronics. Distance based fares would more than 
likely require the driver to utilize a keypad to acknowledge a bus stop number 

from which distance is then calculated by the interface S)'-stem. This same 

data can also be stored within the farebox memory for reporting of ridership 

information and other reporting related requirements. 
The interface system needs to also contain many of the functions and 

features not directly linked to the MC/SC portion of the fare collection 

system (e.g., registers, displays/audible tones, cash/coin mechanisms, 
security vaults). 

To summarize, it has been established that the processing power 

needed to calculate the appropriate fare amount needs to reside in the fare

box interface system, not the passenger held MC/SC. Therefore a passive MC/SC 
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is more appropriate than an active MC/SC system. If distance/time-of-day 

sensitive rates are to be utilized, a driver held MC/SC containing the 

appropriate parameters would be an efficient procedure in which the farebox 

interface system could be loaded. Even if static rates continue to be used as 

in the past, a driver held MC/SC could be used in lieu of the present keypad 

initialization procedure although the need for a MC/SC for this process is 

much less compelling. 

3.4 Scenario One: 
A Simple Adaptation of the Memory Card to Fare Collection 

Keeping in mind the absence of a large scale installed MC/SC system 

to serve as a precedent to the bus trans it industry, a good argument can be 

made that a MC/SC based fare collection application should first be designed 

to perform only the most basic functions. Scenario One describes the most 

basic use of the MC/SC as a functional substitute to the stored-ride card type 

of system in which cards are manually punched to indicate that one ride has 

been used. 

The design of this Scenario One system is similar in many respects 

to that used for Flonic-Schlumberger 1 s telephone (PTT) pi lot program i n Lyon, 

France. Each time the memory card is used for fare payment purposes, a stored 

value register (or fuse) contained within the ch i p is burned out . Because of 

the simplicity of the memory needed to satisfy this requirement, an BK PROM 

chip is sufficient for the design of the memory card. However, the inherent 

limitations of PROM would necessitate the card to be a disposab l e payment 

vehicle. After the stored value has been exhausted on a physical card, it 

cannot be updated. 

The interface system requires a very simple memory card reader on 

the farebox for memory card reading purposes. The card reader can easily be 

adapted to interface with the existing counters, registers, and other features 

of the electronic type of farebox. The card reading device needs to 

incorporate an LED display to permit the cardholder to view the remaining 

value stored within the fare payment memory card. An optional feature is an 

audible alarm or message on the LED signalling a low number of remaining fare 

values stored on the card. 
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From a procedural standpoint, this basic scenario is identical to 

most existing fare collection schemes. Since this adaptation of the MC/SC 

should not initially accomodate distance/time-of-day sensitive fares, little 

need exists to design a capability allowing the driver to use a companion card 

for farebox initialization procedures. As is current practice, the driver at 

the start of his route uses the key pad on the electronic farebox for 

initialization purposes. Passengers upon boarding the bus, use either the 

MC/SC or currency and/or coin to pay their fare. Sales distribution of the 

MC/SC is handled in virtually the same manner as paper monthly passes today. 

Discounts are provided to the ridership to serve as an incentive for them to 

purchase the MC/SC. From a practical viewpoint the payment MC/SC must contain 

uniform ride units, although cards can be sold for variable amounts as is done 

for reduced senior citizens fare cards at BART. 

The primary advantage for the consumer of this type of system design 

over the typical coin fare system is that it provides greater convenience in 

offering a payment mechanism that is easily stated and can be used many times 

as compared with the burden of needing to carry the correct change. Incentive 

prices for the sale of the memory card al so can pro vi de the consumer with 

somewhat of a cost savings although the economics of the system may likely 

permit only a marginal cost break at best. The throughput rate of customers 

at the farebox should be improved especially at peak rush hour times. While 

this type of system merely represents an electronic version of a stored-ride 

card fare pass, it does have the advantage of being more durable and 

presumably more difficult for an individual to misplace. 

Assuming that consumers embrace the MC/SC as a more convenient 

payment mechanism, this system should serve to displace a certain percentage 

of currency and coin within the system thus alleviating a proportionate amount 

of the pilferage, mechanical, and other problems associated with the handling 

of currency and coin. Since the MC/SC is sold through distributorships on a 

prepaid basis, the trans it property's cash fl ow is enhanced due · to the time 

value of collecting money in advance. 

The simple design described in this scenario has the added advantage 

of emulating the existing environment thus minimizing the transitional stages 
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of implementing this type of MC/SC based system. Although this type of 

limited scope system is obviously of an unproven nature, it does present a 
less risky approach as compared to the design of a more complex MC/SC based 
system described in Scenario Two. Implementation of Scenario One is the first 
step to a more elaborate MC/SC based system with a potentially greater payback 
to the transit property. 

· Two potential problems exist with the Scenario One conceptual design 
however. The first involves cost. While the absence of a precedent MC/SC 
system makes the overall costs particularly difficult to estimate, it is 
reasonable to expect per card costs to range between $3 to $5 on a 1 arge 

quantity production basis. The $3 to $5 production costs combined with sales 
distribution costs cast some uncertainty over the price in which the MC/SC 
could be offered to the customer. Without a substantial financial incentive, 
a small proportion of the overall ridership is likely to prepay fares over an 

extended month period. Prepaid fares have generally not been well accepted in 
the U.S. Milwaukee reportedly enjoys the largest percentage of prepaid fares 
at approximately the 40 percent level . Most other transit authorities have 
far fewer prepaid fares. 

The card itself does not appear to pose unreasonable limitations on 
the amount of fare trips that can be physically stored. The memory card used 
in Flonic ' s pilot program in France utilized a 4.6K bit memory in which 120 
stored value units were contained. However, a different card design utilizing 
an BK PROM chip could yield several thousand stored value units depending upon 
the number of bits used to designate a stored value. The main difficulty lies 
in determining at what level consumers are willing to prepay (e.g., monthly, 
every two months, semiannually, etc). 

A second problem of this conceptual design is that one of the 
primary design objectives set forth earlier in this section, the structural 
fare problem is not c;ompletely satisfied. As discussed, structural fares 
represent an opportunity to increase revenues by as much as 50 percent. As 
described here, Scenario One includes a fairly static fare structure, one in 
which distance and time-of-day parameters are not widely util_ized. 
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The Scenario One design can only accommodate one set fare increment 

irrespective of any variables since the fuses in the card are all of uniform 

value. The nature of the PROM design does not allow for a percentage of a 

given fuse to be exhausted. From a technical standpoint however, it would be 

possible to design (for example) a card with lower increment fuses,(e.g., 5¢) 

where the farebox blows more fuses during certain time periods (e.g., peak 

times) versus others (e.g., non-peak times). Variations of this type are 

possible to build into the card reading device interface system, although it 

increases the complexity of the interface system and may be confusing to the 

ridership. Since Scenario One is designed to closely mirror existing fare 

systems, it only includes a single card reader located at or near the farebox. 

This precludes the incorporation of distance based fares unless an 11 honor 11 

system is used. 

3.5 Scenario Two: 
A Dynamic Memory Card Based Fare Collection System 

A more sophisticated alternative to the former conceptual design is 

a MC/SC based system that incorporates an EEPROM chip to allow for the storage 

of ·a dynamic value within the card. Like the former scenario, this system 

utilizes a passive card that does not have processing capability. However, 

unlike the Scenario One approach, the stored va 1 ue of the MC/SC here can be 

updated and, therefore, can be used for the charging of variable amounts. It 

does not involve the concept of blowing standard value fuses. Rather, at the 

time of issuance or reloading, the card is initialized with the desired dollar 

amount, followed by the decrementing of variable amounts from the value stored 

within the memory contents of the card. The approach can be viewed as an 

electronic checkbook type of concept. 

The Scenario Two design is intended to accommodate the need for a 

structural fare requirement based upon a desired set of distance and/or time

of-day parameters. In order to properly satisfy this requirement however, 

riders must utilize a card reading terminal upon boarding and disembarking. 

Compliance with the two step card reading function can be ensured by sub

tracting the maximum possible fare from the stored value balance upon boarding 

and then adding back the difference upon disembarking (see Figure 3.2). 
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FIGURE 3-2 SCENARIO TWO: A DYNAMIC MEMORY CARD BASED 
FARE COLLECTION SYSTEM 
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Figure 3-2 provides a demonstration of a typical usage situation 

under Scenario Two. At the beginning of a run (Step 1) the driver uses his 

card to set the route and structural fare parameters. At Step 2, the customer 

purchases the MC/SC in much the same fashion as a pre-paid pass, but at . a 

vari ab 1 e amount of the purchaser I s choice. The clerk inputs the customer 

name, ID, and amount into .a read/write device, and the card is ready to be 

used. During Step 3, the customer inserts the MC,'SC into the main terminal 

causing the maximum fare to be deducted from the card, providing an incentive 

to reinsert the card upon departure. 

Step 4 shows the driver inputing either time or zone information by 

physically keying in data (e.g., · to bus stop number) to change the fare at 

specified stop or time of day. 

Finally, Step 5 represents the customer 1 s departure, at which time 

the MC/SC is reinserted, and the termi na 1 credits the card to reflect the 

difference between actual and maximum fare amounts based upon the distance 

traveled. 

This type of design is considerably more complex in terms of both 

hardware and software required within the interface system. Each bus must be 

equipped with three termi na 1 s (fare box termi na 1 for boarding and one card 

reader per bus door for departing riders). Additionally, a communication 

capability must exist between all three of the terminals. The central 

processor contained within the main terminal (farebox) has to be capable of 

( 1) potentially storing sever a 1 thousand bytes of di stance and time-of-day 

parameters, (2) directing the c..ommunication between the card reading 

terminals, (3) calculating the fare amounts, and (4) handling the actual 

input/output functions of updating the stored value of the passenger 1 s MC/SC. 

The primary advantage that this design offers the consumer is the 

ability to purchase a prepaid variable amount MC/SC. In describing the 

Scenario One design, one concern involved the willingness of consumers to pay 

up to five months fare tn advance. This design allows the rider to purchase 

prepaid fares for one month or even one week, depending upon preference and 

individual need. More importantly, this design allows the bus transit system 

to be far more viable to the public since fares can more easily be based upon 
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distance and time-of-day. Instead of paying a static fare for a relatively 

short ride, passengers can pay for the amount of service received as long as 

the MC/SC is used. For many, this will lead to increased usage since shorter 

bus trips become far less expensive. It also will serve to encourage the use 

of the MC/SC versus currency and/or coin. 

The transit property's increased revenue due to both the structural 

fare and presumably increased ridership is the overwhelming benefit from the 

operational side. This design alternative also yields the same advantages 

cited in the earlier scenario relating to the decreased processing of currency 

and coin. 

The enhanced data capture capability al so pro vi des the opportunity 

for extremely detailed ridership and bus route analysis reports since the 

rider 1 s source and destination point can be tracked as well as the time-of

day. Nonetheless, Scenario Two causes many concerns. Its conceptual 

design alone is complex and requires three card reading terminals to properly 

serve the data capture of incoming and departing passengers. Throughput 

congestion is a potential problem at peak hours since passengers must usethe 

card reader upon both boarding and leaving the bus. Obviously, this system 

requires a major change from existing customer procedures for fare collection 

and may be rejected on this basis alone by many riders. Nonetheless, somewhat 

similar systems are not without precedent. For example, several European 

manufacturers of honor fare-type equipment (Camp-CGA, Almax and Autelca among 

·others) tie their cancelling devices (which the passenger uses to cancel the 

appropriate spaces on the honor-fare card) into a central processor. This 

device collects data on the various fare categories as the cards are 

cancelled. The device is also used by the driver to signify the fare zone the 

bus is travelling in, and that the cancelling device in some cases has the 

ability to recognize a pattern of magnetic stripes on the honor fare card and 

determine if the correct card is being used for the zone. Thus, remote 

terminals have been tied into a central processor in a bus-mounted fare 

collection system. The question is whether the more sophisticated communica

tions needed for the stored-value system described here is practical in the 

severe bus environment. 
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The cost of the system is also a concern. The EEPROM version of the 

MC/SC is a more recent product than its PROM counterpart and is more expensive 
on a per card basis, probably in the $4 to $7 range on a large quantity 

production basis. Aside from the increased termi na 1 requirement and card 

costs, the on board computer hardware and software cost also is likely to be 
many times more expensive than the configuration described in Scenario One. 

Other possible problems are more subtle to assess. For instance, 

the fare scheme requires a maximum fare be first subtracted from the 

passenger's MC/SC upon boarding, and then the difference between the maximum 
and actual fare to be added back to the card upon departure. What happens if 

insufficent value is stored on the card for the maximum fare, but sufficent 

value is stored for the actual intended ride? Questions such as this need to 

be addressed during the detail design of such a system. 

Regardless of the uncertainties surrounding the Scenario Two design, 

it can be concluded that this design affords tremendous revenue opportunities 

to the transit property since greater flexibility exists than with the 

Scenario One design. However, the costs are proportionally higher with this 

design than the more basic system alternative. 

3.6 SUMMARY 

The fare collection process does not demand the capabilities of a 

MC/SC with stand-alone processing capabilities, only one in which the MC/SC is 

capable of storing fare value. Two conceptual syste;m designs appear feasible 
to meet the requirements of the fare collection process at varying levels of 

sophistication. One, where a limited life PROM MC/SC serves as the nucleus of 

the system, is very basic in design and can be viewed as an electronic version 
of today's prepaid stored-ride pass type of system. The second design 
involves a more sophisticated EEPROM MC/SC and provides a flexible capability 

to easily allow for fares to be charged according to distance and/or time-of

day vari ab 1 es, thus creating tremendous revenue opportunities to the trans it 

property. However, this second design alternative is more comp 1 ex, cost 1 y, 
and thus subject to increased reliability problems. 
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4.0 MAINTENANCE/REPAIR/RECORDKEEPIHG 
FOR THE BUS TRANSIT INDUSTRY 

4.1 Introduction 

A recent estimate by the ATE Management and Services Corporation 

suggests that almost one third of the bus transit industry's budget is 

allocated for the maintenance function. A sizeable portion of this amount is 

dedicated to the recordkeeping necessary for adequate maintenance and repair. 

Because of its distributed processing nature, it is probable that the MC/SC 

will find application in automating the acquisition and routing of pertinent 

maintenance information. In doing so, it is likely that errors will be 

reduced and the process wi 11 be streamlined, thereby reducing the operating 

costs of the maintenance function. 

Since the MC/SC is a portable data carrier, it is relevant to first 

examine the types of information that are necessary to support hte maintenance 

operation and the manner in which this information is distrubited to the 

personnel which must utilize it. The project team had the opportunity to tour 

the . Transit Authority (COTA) to review their maintenance procedures. In 

addition, ATE Management Company of Cincinnati, Ohio, maintains information 

pertaining to the recordkeeping procedures used by other facilities throughout 

the country. 

While there are certain recordkeep i ng requirements which are 

specified by federal law, there is no standard logistical proc~dure for 

management of this information. As such, it is impossible to provide a 

detailed discussion of recordkeeping procedures for bus transit system 
maintenance which would apply to all properties in question. For the purposes 
of identifying potential memory card applications, the general information 

flow between maintenance managers, service islands, shop floors, and other 

maintenance-specific areas, can be provided. This section discusses these 
generic information flows and lays the groundwork for the selection of 

candidate memory card applications, presented in the next section. 
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4.2 Information Requirements 

The basic objective of any maintenance operation is to maximize the 

operational availability of its transit vehicles. This includes providing 

preventative maintenance at periodic intervals, as well as repairing the 

equipment when it breaks down. A bus transit system maintenance operation has 

three geographic areas key to information exchange: 

• Service island, 

• Shop fl oar, 

• Parts room. 

4.2.1 Service Island 

The service islands are typically staffed with low-skilled labor 

and, in general, is an after-hours operation. 

other similar consumables are checked and, 

It is here that fluids and 

as needed, installed in the 

vehicle. Also, safety checks are made and interior cleaning takes place. 

Finally, driver defect reports are collected at this station. 

The driver defect report is a checklist which is completed by the 

driver on a daily basis. The defect report indicates which defects, if any, 

were observed during the operation of the bus on a particular day. A set of 

defects, ranging from cosmetic problems to engine, transmission, and brake 

difficulties, can be indicated on the report. Other information acquired at 

the service island includes odometer readings, amount of fuel added, amount of 

oil added, and amount of coolant added. 

4.2.2 Shop Floor 

The shop floor is the area within the facility where most equipment 

repairs are made. Skilled trades are required, including subsystem 

specialists as well as general repairmen. Because of the broad scope of the 

repair work which occurs on the shop floor, it is the principal source of 

maintenance data collection. 
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4.2.3 Parts Room 

The parts room is responsible for stocking, ordering, and supplying 

the parts necessary to maintain the equipment. These parts may be new, used, 

or rebuilt, and may or may not have warranties associated with them. It is in 
the parts room that computerized recordkeeping first had an impact on the bus 

trans it industry in the form of data management programs. These software 

programs are typically used for inventory control and resource planning. 

4.3 General Information Flow in the Maintenance Function 

The types of information exchanged at three points described above, 

relevant to the maintenance function, may be categorized according to major 

operations within the transit system (see Figures 4.1-4.3). The operations 

are: 

Vehicle operation 

Service Island operation, and 

Shop Floor operation. 

Figure 4.4 is a generic flow diagram for a bus transit system. It should be 

noted that the scenarios presented in this figure is of the most general form 

and does not attempt to depict the logistics utilized by any specific transit 

property. The actions are, nevertheless, typical of those in the transit 

industry. The scenarios and potential applications for memory cards 

-(presented in the next section) will be organized based upon this generic 

information flow. Finally, the transfer of information which takes place i n 
Figure 4.4 is enumerated in Table 4.1. Combining the three points of 
information exchange with the fundamental information types, a generic 

characterization of the information fl ow for the maintenance function mc!Y be 

accomplished. 

The most effective maintenance is achieved when all information 

pertinent to the repair is made available to the appropriate maintenance 

personnel in an easy-to-use and timely manner. For example, historical 
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Vehicle: 

Vehicle Number 
Vehicle Type 
Gauge Readings 

Temperature (oil, coolant) 
speed 
mileage 
pressures (air & oil) 
charging 

Operator: 

Visual Defects 
Gauge readings 
Condition of Bus 

Operating Characteristics 
Vehicle 
Route 

Time 
Route 

FIGURE 4,1 VEHICLE OPERATION 
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Vehicle: 

Identification Number (Vehicle) 
Type Vehicle 
Gauge Readings 

Laborer: 

Productivity Time 
Identification Number (Employee) 
Visual Defects (Body Damage, Lights, Tires, etc.) 
Consumables Issued 
Repairs Peforrned (Few & Minor) 
Operational Characteristics of Vehicle (Minimal) 
Tire Pressure 

Facility Equipment: 

Consumables Issued 
Time of Day 

FIGURE 

DIAGNOSTIC I 
EFFORT 

4.2 SERVICING OPERATION 
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SHOP 

Parts Room: 

Part (Name, Manufacturer, I.O. Number) 
Quantity 
Cost 
Condition of Part 

New 
used 
Rebuilt 

Warranty 
Date 

Vehicle: 

I.D. Number 
Type 
Gauge Readings (Mileage, etc.) 

Mechanic: 

Work Initiator 
Defect 
Repair Action 
Cause of Defect 
Component or Subsystem Worked On 
Class of Repair 

Road Call 
Scheduled 
Non-Scheduled 
Etc. 

Date & Time Expended 
Mechanic I.D. 
supervisor I.D. 
Facility 
Diagnostic Equipment Readings 

Vacuum 
Pressure 
Electrical 
Alignments 
R.P.M.'s 

Vehicle History: 

Past Performance & Repairs 1-----------' 

FIGURE 4.3 INFORMATION EXCHANGE AT SHOP FLOOR 

4-6 



YARD 

...,. 
I 

----.J 

~ 
~® -

~ 

i\Ge 

Bus Placed \O set 

'@ 

Return to 
Yard 

PARTS 
ROOM 

Consumables 

~&t\ f ,o('(\ 

\\e('(\~~:eo\ot-4 

0 

----~ _, ' 

® 

BUS ROUTE 

SERVICE 
ISLAND 

© 
Bus 
Defect 
Observed, or PM 

~ 
~~ 

~e, 

~ 
€ 

I 

lieto,-,., for Checkout 

. D,,es se"\ 

- ~~et1' . 
~.,\ \C a.en&'' 0\1\ \Of P ,-

FIGURE 4 .4 GENERIC INFORMATION FLOW DIAGRAM FOR THE MAINTENANCE PROCESS 



information about past problems and repairs on a vehicle are crucial 
information when trying to track down intermittent or repeat problems. 

TABLE 4.1 DESCRIPTION OF GENERIC INFORMATION 
FLOW FOR THE MAINTENANCE PROCESS 

• A - Bus is placed in service. A driver is assigned to a 
specific vehicle and route. The vehicle is given 
an initial safety and defect check, and then the 
bus is placed in service. 

• B - Normal bus return. At the end of the shift, the 
driver returns the bus to the service island where 
defect report is transferred to the personnel at 
the island. 

• C - observed, or preventative maintenance 
The service isl and personnel deliver 
the maintenance area for work to be 

Bus defect is 
scheduled. 
the bus to 
performed. 

• D - Consumables delivered at service island. A bus at 
the service island receives refueling, oil and 
coolant checks as well as other pertinent fluids, 
and mileage readings are recorded. 

• E - Bus delivered to shop floor. A bus, along with a 
specific work order, is delivered to the shop floor 
for maintenance. 

• F Parts are delivered to shop floor from parts room. 

r G - The bus has been repaired and is returned to the 
service island for checkout. 

• H - Subassembly from the vehicle is sent off the shop 
floor for repair or rebuilding. 

• I - A bus returning from the shop floor is again 
serviced and consumables delivered at the service 
island. 

• J - The bus is returned to the parking yard and ready 
to be placed in service. 
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Shelf lives and date-of-rebuild for replacement parts are also critical data. 

Finally, operational data and parameters from the vehicle · acquired during 

operation can drastically reduce troubleshooting and repair time. 
Examining Figure 4.4, it is apparent that information relevant to 

preventative maintenance and repair of buses is generated by many geographical 

locations and at various times during the operational cycle. However, this 

information is not always being acquired or transferred to the appropriate 

locations effectively. In the small number of systems which utilize 

integrated computerized maintenance sytems, the ability to tie this 

information together is implicit because the information transfer network is 

already in place. However, most maintenance systems are still based on 

outmoded, paperwork filing systems where the paper-based information is so 

highly distributed that it is very difficult to efficiently gather and 

integrate the information necessary for a particular repair. 

4.4 The Maintenance Recordkeeping Problem 

Regardless of the system, some of the most critical information 

pertaining to bus operations is acquired manually by the driver during · vehicle 

operation. This information is summarized on a bus defect report and supplied 

to the attendant at check in. The reliance on the driver to adequately 

describe malfunctions in a timely manner is an inherent problem in maintaining 

buses. According to a spokesman at a transit authority visited during the 

project approximately 30 percent of buses sent to the shop for repair are 

misdiagnosed on the first try. The reason for this is most probably that the 

repairman did not have the proper information at his disposal during the time 
of repair. With proper maintenance information, it may be possible to reduce 
labor expended during troubleshooting, increase the operational time for each 

vehicle, and improve the efficiency of the maintenance operation. 

In summary the information for bus transit maintenance is generated 

at diverse geographical locations and at quasi-random times throughout the 

operational cycle. Unfortunately, the points of data acquisition are far from 

coincident with the points of information exchange for repair purposes. 
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A flexible data transfer mechanism for the maintenance purpose is a 
solution to making available all information pertinent to the problem 

regardless of who discovered the problem and when it was encountered. In this 
way, the most effective maintenance can be achieved since information useful 
to making the repair is recorded at the maximum information collection point, 
(i.e., the time while the vehicle is displaying faulty behavior). 

It is imperative however that only critical information be collected 
via the portable data carrier. Extraneous or excessive amounts of data 
collected can overburden the maintenance function, thus adversely impacting 
the overall effectiveness of the repair function. In the next section, 
potential applications are discussed in which MC/SC technology can be utilized 

to enhance transit operational functions. 
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5.0 MEMORY CARDS FOR MAINTENANCE/REPAIR RECORDKEEPING 

5.1 Introduction 

As a technology, the memory card can be viewed as a portable element 

which forms the basis for a very flexible information network. In the stand
ard computer system, we often think of data being transferred throughout the 
system on a data bus--a physical communication wire which transfers electrical 
signals from the computer's memory to the various satellite stations. In such 
systems, therefore, it is necessary to physically run wires to each of the 
sites selected for data entry and transfer. 

The memory card, viewed as a portble databus, replaces the standard 

databus since it inherently carries all of the data with it. This increases 
the flexibility of the information network based on the memory card because 

each of the entry/access stations need not be connected by any physical link 
to a central computer site. 

Therefore, perhaps the most significant advantage of the memory card 
is its ability to travel and track information in a highly mobile and flexible 
fashion, thereby allowing it to acquire field data in a manner which has not 
before been possible. Before examining several applications which may be 

possible with the memory card; it is first necessary to establish some guide
lines which will aid the system designer in selecting potential applications. 

5.2 Memory Card Application Constraints 

Examining the potential advantages of the MC/SC in · maintenance 
recordkeeping applications requires one to look at several parameters of the 

transit bus property. These include: 
• Number of buses in the fleet 
1 Level of automated recordkeeping already in place 
• Economic constraints 
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• Attitudes of personnel 
• Level of recordkeeping desired. 
If one examines the current maintenance recordkeeping practices, 

three distinct categories arise. These are illustrated in the following 
table: 

TABLE 5.1 MAINTENANCE RECORDKEEPING SYSTEM 

Recordkeeping System 

1. Fully Automated 

2. Partially Automated 

3. Paper-Based System 

Sample Function 

Allows tracking of spare parts, 
consumables, repairs, and repair 
histories 

Inventory control, work order tracking 
and accounting 

Manual generation of reports, highly 
distributed filing structure 

A small percentage of facilities currently have a highly automated 
recordkeepi ng system. These integrated packages all ow the personnel to track 
repairs in progress, parts inventories, and repair histories. Reports gener- · 
ated by these integrated management systems all ow maintenance managers to 

accurately maintain their fleet and identify and predict impending failures 
before they become catastrophic. In addition, several automated data collec
tion systems may also tie into this integrated approach. Although several 
automated systems have been installed, they are costly and return on invest
ment is uncertain. The ATE EZ Fleet System (shown in Figure 5.1) is an 
example of this. (In essence, although the package is different, one can view 

the EZ Fleet data entry device as a relative to the MC/SC technology.) 

5-2 



SERVICE LANE DATA COLLECTION 

THE PEOPLE WHO KNOW, 
FOR THE PEOPLE WHO NEED. 

ATE Management knows what the fleet manager needs to run a good 
service lane. And EZFLEET is the first maintenance management 
system designed for those special needs. Who else, but the managers 
of 10,000 vehicles around the world, would understand the problem 
and create a solution. 
Unlike Any Other Service Lane System. 
EZFLEET coUects information in a new and different way- aU the 
service lane data needed to schedule preventive maintenance, iden
tify poorly performing vehicles and track the daily efficiency of 
your fleet. EZFLEET delivers usable reports-like a Fluids Usage 
Exception Report that spotlights excessive fuel consumption and 
fluid leaks-even a report that analyzes labor productivity on the 
service lane. 
EZFLEET is a diagnostic maintenance tool. A tool like this pays for 
itself in a matter of months. It can help you organize your service 
lane and keep your records current on each vehicle. 

1 For additional information on EZFLEET and a copy ~ 
of our brochure, please caU or write the ,d. y ~~-- S.,P: . 

~J y~c-"" : ~ ~'! • \ o,((/>v"'.,,~ , , 
·e,e ,~e .. • 

., .. ~\\'\"'\)'!, , . • \ .~,a1"'"'l· .• ~'>'ll,:\~'l,~ • . ', • 
·" ~"- ()'I>'" '!,'I>~ ' ' 
J:,~.~~a'' ' l'>\'!i> 

. t;. .... ~ 'l>~\C 1-) e,,~~'_\'?,W' • 
...... ~ .• .,'b(j.~_';/,• 
"""'' 'b"" 

FIGURE 5.1 EZ FLEET™ MAINTENANCE RECORDKEEPING SYSTEM 
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With these integrated management packages in pl ace, the users can 
also identify important trends in repair procedures, thereby allowing 
diagnoses to be more easily obtained. Also, computerized diagnostic equipment 
which directly interacts with the bus engine control systems may also help in 
generating repair procedure information. 

The second system utilizes automated recordkeeping to a much lesser 
extent. Isolated areas, for example, parts shop, utilize inventory contra l 
equipment. Other examples might include automatically tracking work orders in 
the shop floor area. In this second level of maintenance recordkeeping, there 
is no infrastructure in place which will support the types of information flow 
necessary to adequately deliver the proper maintenance information to the 
maintenance personnel. 

The final type of recordkeeping system is an all manual, highly dis
tributed, paperwork-based system. Much like the previously described record
keeping system, the desire for an integrated maintenance management system 
results in the selection of either an on-line data base approach or flexible 
memory card approach. The following section describes examples supporting the 
latter approach. 

5.3 MC/SC Applications 

In the case of the maintenance operation, MC/SC 1 s can be associated 
with actions (i.e., repairs, defect identification, etc.) or associated with 
physical objects (i.e., personnel, parts, vehicles, work orders, etc.). This 
section describes several concepts which employ the MC/SC in order to improve 
the maintenance efficiency of a property. These concepts were arrived at 
based upon site visits to several bus transit properties in central/southern 
Ohio and northern Kentucky, and through internal concept generation session 
with Battelle staff knowledgeable in maintenance and diagnositc procedures. 

The following scenarios have been initially screened according to 
the constraints itemized previously. In addition, parameters specific to the 
MC/SC have also been factored into the concept generations. These include: 
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• Highly portable package is subject to being lost, stolen, or 
broken 

• Although the cost per device is small, if it is attached to items 
of large inventory, the investment for the device quickly adds up 

• The logistics involved in physical transfer of these devices. 
With the above constraints in mind, it is necessary to select 

applications which not only show clear information transfer benefits, but also 

inherently provide the incentives for the system users to carefully maintain 

and keep track of the memory cards. The scenarios which fo 11 ow have these 

attributes. 

5.4 Bus Maintenance Applications 

Figure 5.2 illustrates, in broad terms, the kinds of applications 

which could be realized using the MC/SC principle. The figure arbitrarily 

breaks down the maintenance and repair cycle into three information transfer 
area: 

• Technical Information Management -- utilization of information 

specific to the maintenance process 

• Diagnostic Process -- evaluation and determination of faulty 
equipment 

• Logistics procedures which are necessary to support the 

maint enance funciton. 
It has been suggested that memory cards can be associated with 

either actions or physical objects. The applications illustrated in the rec

tangular 11 MC/SC 11 symbol are examples of each, and no attempt is made to evalu
ate their relative merits. They are simply provided for illustration 
purposes. 

In selecting an application which ties an MC/SC to a physical 

object, it is important to insure that there is some interest incentive to 

keep these items together. For example, a specific MC/SC could be associated 
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with each major part in the inventory room, storing history and vendor infor

mation. While this would have the advantage of localized data storage, it 

would be extremely vulnerable to being lost or misplaced during usage. A cen

tralized system would be necessary, and the existence of the system would dis

place the need for the MC/SC system. 

More appropriate applications are those which provide an i nherent 

incentive to maintain the integrity of the MC/SC system. These applications 

are most commonly those in which a human is the 11 owner 11 of the device. For 

examp le, if an MC/SC is used as an employee timecard in addition to tracking 

specific repair actions, then there is a basic incentive for the employee to 

use his card. This can also work to a disadvantage if taken to extremes. For 

example, if the employee views the MC/SC as a 11 big brother 11
, past experience 

has proven that the system is prone to be sapotaged by its users. Therefore, 

it is necessary that any MC/SC system have clear benef i ts to all those 

involved. This usually occurs by making jobs easier and more efficient, in 

addition to adding new services. 

Referring once again to the generic information flow diagram in 

Figure 4.4, the following MC/SC opportunitites are present: 

A Driver uses an MC/SC as ID card and ignition key. Daily 

assignments are supplied through the MC/SC. 

B Driver's MC/SC doubles as the bus defect report, 

i nterf acing with the bus contra l systems. Ori ver inserts 

MC/SC into service island reader as he exits bus. 

Repair work order is stored in MC/SC. Could be stand alone 

work order, or may be assigned to repair personnel. 

D The use of consumables is authorized by service island 

employee's MC/SC inserted into proper dispensing equipment. 

F MC/SC ' s are attached to specific spare parts. 

H A repair order is stored on the MC/SC. 

J,K Bus routes and asignments are made through driver ' s MC/SC. 

L Subcontracted repairs are spec i fied by MC/SC. 
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A major source of maintenance information comes from the driver 

defect report. This report is lacking of important detail. The repair per

sonnel ususally could rely on conversation with the driver to determine the 

extent of the prob 1 em, however, this important information exchange usually 

does not occur. A potential application of the MC/SC is the automation of the 

driver defect report. Figure 5.3 depicts a block diagram of a system capable 

of generating a more extensive report by interacting directly with the bus 

control system. Intermittent problems (noises, etc.) are stored on the MC/SC 

through interaction with the driver 1 s touch panel. An artist 1 s conception of 

this application if Given in Figure 5.4 

5.5 The MC/SC Opportunity in Maintenance 

The above discussion has illustrated some possible uses of MC/SCs in 

maintenance. Each is technically feasible today, however the true 

cost/benefit performance has not been investigated. The applications are 

simply provided to illustrate the breadth of capabilities brought about by the 

technology. 

The utilization of MC/SCs in maintenance represents a closed-end 

application. As such, there is never a time when the MC/SC device is truly 

outside the 11 control" of the system. This is not the case with fare, collec

tion where one cannot predict the use characteristics of the device. 

The closed-end attribute of the maintenance application makes it an 

attractive first-use of the device in bus transit. Incentives to correctly 

use the MC/SC system can be inherent in the application--such as in the case 

of lessening the workload of a driver in the generation of reports. These 

systems, though small scale in comparison to the volumes required for fare 

collection, appear to have the potential to positively affect the large per

centage of operating budgets devoted to the maintenance function. 
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6.0 CONCLUSIONS AND RECOt+tENOATIONS 

6.1 Sun111ary 

MC/SC technology has been in the development stages for over a 
decade and is rapidly emerging as a technology that is no longer experimental 
since several companies now offer commercial products. While rapid technical 
advancements have been made over this time period, the number of MC/SC system 
installations are few and limited in scope as pilot programs. 

Three principal features offered by MC/SC technology seem to make it 
an attractive product for the payment needs of the financial and retai 1 ing 
communities. These are: 

• offline processing capability 
• enhanced storage capacity 
• improved security provisions 

Payment transactions appear to be a natural application for the MC/SC because 
of: 

• the need for detailed data capture at decentralized locations, 
• obvious security considerations, 
• the relative expense of depending upon online systems to satisfy 

these needs. 
Despite this, the prospects for the widespread usage of MC/SC in the financial 
transaction arena are surprisingly negative over the near term. A primary 
reason for the lack of progress in the financial community is the universal 
usage of the magnetic stripe as a storage medium, and the equipment 
infrastructure that is in place to support magnetic stripe technology. 

Other potential applications for MC/SC technology do not have the 
same existing industry barriers present in the financial community. The 
transportation industry, for example, seems to be an industry particularly 
well suited to pioneer MC/SC technology applications due to: 

• the lack of uniform systems for similar applications among 
different transit properties, 
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• the high volume reality of the business in terms of people and 

buses, and, 

• the capital intensive nature of transportation as an industry. 

MC/SC producers and manufacturers have been seeking industries where natural 

applications exist and adequate funding can be obtained to spearhead the 

development of a state-of-the-art MC/SC based system. Because of this, and 

the potential benefits of the technology for the transportation industry, a 

favorable climate currently exists for a mutually beneficial partnership 

between UMTA and a MC/SC technology company to initiate an investigation into 

the detailed design of a MC/SC based system. 

This report has explored several possibilities for the application 

of MC/SC technology in the bus transit industry, specifically fare collection 

and maintenance/recordkeeping. While the design scenarios presented within 

the body of the report are a 11 deemed to be technically feasible, the con

ceptual design of these systems cannot be fully and accurately assessed until 

a detailed requirements analysis is conducted and specifications are developed 

in conjunction with a specific transit property and a pilot test conducted. 

Notwithstanding the need for further study and development work to achieve 

this end, it appears from the analysis completed during this project that the 

maintenance and recordkeeping application has greater potential than fare 

collection to serve as a pilot application. 

Maintenance and recordkeeping possesses 

allow it to be particularly well suited as a 

technology. 

three basic attributes that 

test application for MC/SC 

1. As described in Section 5.0, the maintenance function is highly 

dependent upon the gathering and storage of data in a flexible 

fashion at a variety of different locations and work areas, a 

functional need in which the MC/SC is particularly well suited 

to address. 

2. Maintenance remains an area that has yet to be highly automated 

at many transit properties, especially the smaller properties 

with less than 100 buses. 
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3. Perhaps most important, maintenance is a closed end system with 

a 1 imited number of users, a 11 of whom are emp 1 ayers of the 

property. This consideration is in sharp contrast to that of 
fare collection in which a pilot would need to be conducted with 

the ridership 1 s cooperation, thus greatly complicating the 

process of disseminating information and encouraging usage. 

Despite the favorable characteristics associated with the 
maintenance and recordkeeping function, it should be recognized that the 

greatest revenue enhancement oppor-tunity for the transit industry with MC/SC 

technology lies within the fare collection process. The data from past 

studies indicate that the level of fraud and opportunity costs resulting from 

the inflexibility of existing fare collection systems is indeed significant. 

Two conceptual designs are presented in Section 3.0 that have the potential to 

displace a significant proportion of currency and coin from the fare 
collection process, thus re-ducing a percentage of the fraud losses. In one 

of these two conceptual designs, the issue of accomodating rate sensitive 

fares based upon time and distance parameters is more readily satisfied 

resulting in a far greater potent i a 1 payback. Unfortunately, the design of 
this second system has inordinate hardware and software costs as compared to 

existing fare collection systems, and is also complex in design. 

Other serious questions remain regarding the application of MC/SC 
technology in fare collection in lieu of the magnetic stripe card that is 

currently being tested. MC/SC 1 s can best be applied to fare collection if 

they become the standard for the industry, so that deve 1 opment costs can be 

spread across a large base. This may be possible if applications are 
coordinated and financed collectively by the bus transit industry, rather than 
by individual transit authorities. However, the largest portion of the 

industry, both from the number of buses involved and the level of ridership, 

operates in large cities with multi-modal transit systems such as New York, 
Chicago, Boston, San Francisco, Washington, etc. The tariff structure applied 

on the buses in most of these cities is expected to thoroughly interface with 

that of the ra i 1 system (exceptions are Boston and New York). A number of 

rail transit systems (San Francisco, Washington, Miami, Baltimore, Atlanta 
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and, experimentally, Boston and Chicago) are already utilizing some degree of 
automated fare collection involving magnetic stripe tickets, and it is likely 
that New York wi 11 fol low suit sometime in the near future. Thus, given 
current trends, interfacing the fare collection system on the buses will 
require the use of magnetic stripe technology. Because of this, the potential 
market for a bus-mounted MC/SC system is reduced considerably. The situation 
is somewhat analogous to that described for bank cards in Appendix B, although 
it is not quite in such an advanced stage of development. 

None-the-less the following conclusions can be drawn: 
1. There is 1 itt le doubt that MC/SC technology has been deve 1 oped 

and tested to the point that it can reliably be applied to 
industrial applications, 

2. The maintenance and fare collection processes are two viable 
candidates to serve as a pilot for the application of this 
technology, 

3. The window of opportunity for MC/SC applications in fare 
collection is closing rapidly because of magnetic stripe pilot 
systems; if MC/SC' s are to be fitted to fare collection, steps 
must be taken quickly before a broad acceptance of systems 
combined with a reluctant attitude to other technologies 
magnetic stripe preclude the opportunity to try other 
alternative technologies, 

4. The transportation industry as a whole seems well suited to 
assume a leadership role as a pioneer for the commercial appli
cation of MC/SC based systems because of both its capital 
structure and high volume nature of the transit industry. 

6.2 RECOMMENDATIONS 

Given these conclusions, Battelle recommends UMTA continue to 
monitor MC/SC technology applications development. This recommendation can 
best be accomplished by: 
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study to: 

• tracking technological advancements occurring in MC/SC 
technology, 

• co-ordinating efforts to move this technology forward within the 
industry, and 

• managing the ongoing efforts to intiate a pilot project within 
either the maintenance and record keeping, or fare collection 
application areas. 

Second, Battelle recommends that UMTA immediately pursue a follow-up 

• conduct a detailed evaluation of the conceptual designs contained 
within this report for the purposes of prioritizing the best 
candidate for a pilot test project, 

• develop the detailed requirements of that pilot application, 
and 

• recommend which transit property should serve as the pilot site. 

The conceptual design scenarios presented in this report warrant a further 
more detailed study. It is only through a continuing effort in these 
endeavors that the benefits from this fast developing technology can be fully 
applied to urban transit systems. 
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APPENDIX A 
A CURRENT PROFILE OF THE U.S. PAYMENT SYSTEM 

Introduction 

Due to the functional similarity of the fare collection process to 

retail point-of-sale payments, a perspective of the payment system is 

essential to understanding the implications of smart card usage in bus transit 

operations. 

The fare collection process is similar to the payment function at 

the point-of-sale in that value is being exchanged for a product or service. 

The fare collection box facilitates the transaction in much the same way as a 

cash register or point-of-sale device. Like the cash register, the fare 

collection box serves both a computing and storage function. 

The high volume nature of the fare collection process demands that 

customer queuing be kept to a minimum. Therefore, throughput speed as well as 

reliability are considerations in both the point-of-sale and fare collection 

processes. Additionally, customer convenience is a major factor in maximizing 

revenues. The payment system is a necessary support function in operating a 

retail establishment or transit property. A primary objective is to expedite 

the payment process through an efficient and convenient system that 

accomodates virtually all customers. A payment system that excludes or is 

inconvenient to a portion of the customer base is highly undesirable. 

Unfamiliar forms of payment that are dissimilar to commonly used payment 

mechanisms can be a major barrier to payment convenience. 

These considerations are integral to the assessment of smart card 

applications in the fare collection process. The purpose of this particular 

section is to profile the current state of the nation's payment system. Who 

is using what forms of payment, where, and why, are the questions that will be 

answered. The answers to these questions will provide valuable insight into 

where the payment system is headed over the next severa 1 years, and most 

importantly, whether or not innovative forms of fare collection payment will 

be feasible. 
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COfflllOnly Used Forms of Payment 

Currency and Coin 

Aside from the barter system, currency and coin is the oldest form 

of payment used in society, dating back several thousand years. As the 

computer age matured in the 1970s, many futurists predicted the demise of 

currency and coin in what was dubbed the 11 cashless society 11
• The many dis

advantages of currency and coin lends support to the trend away from cash and 

toward more advanced forms of payment. 

One of the major disadvantages associated with cash is security. 

Currency is easily concealed and not easily traceable, at least in smaller 

denominations. Therefore, most individuals limit the amount of cash carried 

for security purposes. This however can be a disadvantage when making certain 

purchases which tend to be of a high value and variable amounts (e.g., 

groceries). 

Retailers share the same concerns of consumers. Robbery is a fairly 

common criminal act, particularly in certain retail segments with extended 

night hours (e.g., gas stations and convenience stores). In 1982 for example, 

one out of every three gas stations in California fell victim to robbery. 

Internal pilferage is also a problem with cash handling. Elaborate 

internal control procedures are mandated by regulators in the commercial 

banking industry. Independent auditors serve a similar function to a more 

limited extent in reviewing internal cash handling controls of publicly held 

companies of all types. Never-the- less, internal pilferage remains a major 

cost item in business although few statistics are available to quantify the 

extent of the losses. 

Aside from security, cash transactions present other problems. More 

times than not, a cash transaction requires change to be returned to the 

consumer thus reducing throughput speed and increasing the likelihood of 

error. Part i cu 1 ar ly with 1 arger purchases, consumers are many times uncom

fortable with the easily misplaced sales slip as the only proof of purchase. 
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From the consumer perspective, cash represents lost interest revenue in that 

interest bearing NOW accounts are universally ava i 1 ab 1 e throughout a 11 parts 

of the country. 

Cash does have its advantages however. It is a relatively quick 

form of payment when compared to transactions that require an authorization, 

it is well understood, does not require an identification, is universally 

accepted, and is we 1 corned by merchants as indicated by the trend toward cash 

discounts, particularly in the retail petroleum industry. 

In terms of the overall payment system, cash is used for 87 percent 

of the nation's financial transactions, but only accounts for 3 percent of the 

total dollars transacted. This means that of the 350 billion financial 

transactions that were estimated to have taken place in 1980, 305 billion were 

for cash. 

However, most of the 350 billion transactions (230 billion) were for 

insignificant amounts of $1 or less, the same range as bus transit fares. 

Ninety percent of all transactions of $10 or less were also completed via 

cash. Not until transactions exceeding $70 are considered is cash no longer a 

dominant payment mechanism. For these transactions, cash is used only 28 

percent of the time. 

The 3 percent dollar share that cash transactions represent 

deceivingly under-estimates the importance of cash as a payment mechanism. 

Business transact ions and bi 11 payments are virtually 100 percent non-cash. 

If retail transactions at the point-of-sale are considered instead of the 

total population of financial transactions, cash accounts for 42 percent of 

the total dollar amount of purchases. This means that despite predictions of 

a cashless society, cash remains the dominant payment mechanism within the 

nation. While the trend is downward from the 1965 total share of 50.9 

percent, cash will remain as an important form of payment _ for the foreseeable 

future, particularly for small transaction amounts. 

Other statistics indicate that the prevalence of cash is indeed 

increasing. As of December 1980, approximately $137 billion in cash was in 

circulation in the U.S. Since 1970, paper money in circulation has been 

growing at a rate of 6 percent per year, considerably greater than both GNP (2 
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percent) and population (1.5 percent). On a per capita basis, cash has risen 

from $265 per head in 1970 to $600 in 1981. This growth ironically occurred 

during a period when consumers were increasingly using both credit cards and 

checks, the two most common substitutes for cash. 

The cost of accepting a cash transaction has been widely debated 

based upon which items should be included in the calculation. Employee 

pilferage, robbery, reconciliation time, counting, and sorting are seen as 

direct cost items to the acceptance of cash, whereas security cameras, safes 

and other types of equipment are indirect costs, but none-the-less are largely 

attributable to the need to handle cash. A study by Payment Systems Inc. 

(PSI) revealed that the combined cost to the merchant and bank is $.45 per 

transaction. This estimate, if accurate, is significant when taken as a 

percentage of the $16 average cash transaction amount at the point-of - sale . 

Cash is used most often in those retail segments where either the 

average dollar sales amount is small, or few other payment options are 

available. Convenience stores have one of the highest concentrations of cash 

transactions. For the most part, convenience store profit margins are too 

slim to accomodate the risk of accepting bad checks. Bank credit cards (Visa 

and MasterCard) are not accepted by convenience stores because of the 2 

percent to 3.5 percent "discount fee'' of the sale price that is paid by the 

convenience store operator to the card issuing bank . Similarly, convenience 

stores cannot afford to offer their own credit card due to the overhead 

expense associated with offering such a service. 

The drugstore retail segment is somewhat similar. Purchases are 

often for small amounts, thus indicating that payment alternatives are not as 

important to the customer as compared to those retail segments where the 

average purchase price is much higher. Again, profit margins are slim 

indicating that drugstore operators are not eager to pay the fees demanded by 

the bank card associations for the acceptance of Visa and MasterCards unless 

the amount of purchase exceeds a set floor limit. Although drugstores, like 

convenience stores, cannot readily accept the potential risk of bad checks, 

most drugstores do in fact allow checks to be written due to the more 
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personalized service that is provided and due to the greater familarity of 

drugstore operators with their clientele. 

Retail gas stations are the third category of retailer that is 

typified by a high percentage of cash transactions. Like the convenience 

store and drugstore, profit margins for gas station operators are typically 

1.5 percent or less, thus indicating that petroleum retailers cannot afford 

the fees required to honor Visa and MasterCards. However, all but one of the 

top ten petroleum companies do in fact off er their own credit cards as a 

convenience to their customers and to help bolster customer loyalty to their 

brand stations. The primary reason that the petroleum companies can afford 

this overhead item is because of the historic high profitability of the oil 

industry in general. Unlike the companies that own convenience and drugstore 

chains, the retail operation is a very small portion of petroleum company 

profits. The refining and wholesaling operations provide the oil companies 

with a far greater return on their investment than the actua 1 retailing of 

gasoline through company owned and/or dealer operated gas stations. Because 

operators of gas stations are operating on a slim profit margin personal 

checks are rarely accepted at most high volume stations since the risk is too 

great. Cash is the dominant form of payment due to the relatively small 

purchase amount, followed by the usage of oil company credit cards. 

Supermarkets are far different from that described for other types 

of retailers. Since the average purchase price for groceries is far higher 

than in retail petroleum, drugstores, or convenience store industries, 

customers cannot depend as readily on cash for payment. Additionally, grocery 

expenses tend to be more variable in amount due to the number of individual 

i terns purchased versus that in other retail segments. For these reasons, 

supermarket operators are impelled to offer a viable payment alternative to 

their customers. Since profit margins are generally below 1 percent, bank 

credit cards are not widely accepted at supermarkets. For the same reasqns, 

they also cannot afford the overhead of their own in-house credit program. 

Despite the risk of bad checks, the personal check is the only other mechanism 

currently available to supermarket operators. Statistics indicate that cash 

acceptance in super-markets is far below that of the other retail segments 
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described thus far in the chapter. While a high percentage of transactions 

are indeed for cash, dollar sales transacted are virtually split evenly 

between cash and checks. 

Department stores are similar to supermarkets in that purchase 

prices tend to be for greater amounts than in many retail segments. Unlike 

necessity items 1 i ke food and gas though, durab 1 e goods so 1 d in department 

stores are generally shopped for by customers 1 ess frequently with purchases 

made more impulsively. Consequently, the availability of credit is far more 

advantageous than for necessity goods. For this reason, virtually all major 

department stores offer some form of credit card. High mark-ups on both 

durable and fashion merchandise allow department store retailers sufficient 

margins to support in-house credit programs. In addition, it also allows 

close to 70 percent of the top 150 department stores nationwide to accept 

either Visa, MasterCard, or American Express cards. Since many purchases are 

in fact impulsive, department stores also accept personal checks to ensure 

that the widest array of payment choices are available to their customers. 

Because of this, cash transactions are least prevalent in the department store 

retail segment when compared to the others that have been discussed. 

Nonetheless, cash remains the most often used form of payment in terms of both 

transactions and sales dollars. Other retail segments, notably the specialty 

stores with high mark-up items and narrow product lines and the mass 

merchandisers with high volume sales of low mark-up items, are more difficult 

to classify. However, both general categories of retailers are similar to 

that of department stores in that checks and bank credit cards are widely 

accepted and cash is not used as frequently as in other retail segments. Even 

here however, cash is used more frequently than with other forms of payment. 

Checks 

Aside from cash, checks are the most commonly used form of payment 

at the point-of-sale in terms of transaction volume and sales dollars. From 

the consumer perspective checks are advantageous because they are well 

accepted by many retailers except gas stations and convenience stores. Also, 
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checks minimize the amount of cash that needs to be carried, provide a paper 

receipt of payment, and even allow for as much as 5 to 6 days float on funds. 

From the merchant's perspective however, check handling is expensive in terms 

of float and processing costs, time consuming, and risky in areas of bad check 

incidence. 
Notwithstanding the potential margin of error with most check 

studies, indications are that, as a percentage, checks are being increasingly 

written at the point-of-sale. For example, the 1974 Arthur D. Little study 

showed 28 percent of a 11 personal checks are written for retail purchases. 

Subsequent studies have since identified this same statistic to be 31 percent 

in 1976 (SRI), 32 percent in 1979 (BAI), and 43 percent in 1982 (PSI). 
For purposes of quantifying the number of checks written at the 

point-of-sale in 1982, a whole host of estimates are available. According to 

the Federal Reserve Board, the number of checks written at the end of 1982 

approximates 36 billion. Other sources such as the Nilson Report place the 

volume of checks at 44 billion. Most agree that of all checks written, about 

one half are for personal use. Using a mid-range estimate of 40 billion 

checks written per year, of which 20 billion are by individuals, this means 

that between 8 billion and 9 billion checks are written per year at the point

of-sale using PSI's most recent percentage described above. 

The Visa organization estimates the total sales volume for which 

checks at the point-of-sale are written will be around $300 billion in 1983. 

Using these estimates loosely, the average check is written for $30 to $40. 
According to BAI (1979), 57 percent of these checks are written to non-food 

retail establishments, indicating that grocery stores are receiving the 

remaining 43 percent of checks that are written. 
In a report released in December of 1983, the Antietam Group studied 

the payment volume of eight different retail segments. The study accounted 

for about 58 percent of the retail trade reported by the U.S. Commerce 

Department for 1982. As expected, they found that supermarkets had the 

highest incidence of check transactions (17 percent) and check sales volume 

(48 percent). No other retail segments were even close to the supermarket's 
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figure. Specialty stores were a distant second with 15 percent of all 

transactions begin with a check, representing 18 percent of check volume. 

These statistics in total reflect that checks are indeed a signi
ficant method of payment at the point-of-sale and have been growing as a 

percentage of all checks written. The use of checks is highly skewed toward 
I 

the retail food industry, most notably supermarkets. Obviously, all .,J 
households utilize cash as a payment mechanism at the point-of-sale. Federal 

Reserve estimates are that 90 percent to 95 percent of al l households 
currently have a checking account, suggesting that the usage of checks is 

virtually universal. Most estimates place the average number of checks 

written monthly per checking account at around 20. Using the PSI estimate, 8 
of these checks (43 percent) are used for purchases at the point-of-sale. 

Credit Cards 

The credit card is the third major payment mechanism for point-of
sale purchases in the country. Two generic types of credit cards are 

commonly used today throughout the nation. The first category includes the 
bank credit card and travel and entertainment card. These types of cards are 

accepted by a variety of different merchants who generally pay a percentage of 
the sales price to the issuing organization. The percentage paid, or discount 

fee, ranges between 2 percent for Visa and MasterCard to as much as 5 percent 

for American Express and Diners Club. In addition, annual fees are usually 

charged to individual holders of the cards, and usually range from $15 to 

$100. Because of the cost and credit qualifications needed, bank credit card 

usage (Visa, MasterCard) is restricted to around 50 percent to 55 percent of 
the nation 1 s households while the travel and entertainment cards (e.g., Diners 

Club, American Express) are only carried by about 10 percent of the nation 1 s 

adults. Demographic studies of card carrying individuals show that the highly 
educated and most affluent categories of individuals in the country use these 

types of cards. 

Retail credit cards on the other hand are issued by retailer organi
zations without annual fees charged to the consumer and of course without any 
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type of discount fee being _ paid by the store that accepts the card. With only 

a few minor exceptions, retail credit cards can only be used in the issuing 

retailer's chain of stores. Unlike the bank and travel and entertainment 

cards, retailers do not generally reap a direct profit from their credit card 

operations. In other words, it costs more to operate a credit card program 

than it receives in interest revenue (interest received on outstanding 

balances at the end of each month). 

The predominant reason that retailers issue credit cards is for the 

convenience of their customers, translating into additional sales for impulse 

purchases. Retail credit cards also allow for more individuals to have 

access to credit cards than would otherwise be the case. Since 1980, the bank 

credit card organizations have instituted more stringent income requirements 

to qualify for a Visa or MasterCard credit card. This has served to reduce 

the number of individuals that can qualify. However, retail credit card 

requirements are not nearly as stringent s i nee reta i 1 ers can better contra 1 

credit abusers since usage is restricted to a single chain of retail outlets. 

Usage figures for credit cards have risen dramatically over the past 

twenty years. Today, almost 70 million individuals carry a bank credit card 

whereas 90 million carry a retail credit card of some type. Bank credit card 

transactions in 1982 totaled l.3 billion charging $66 billion in merchandise 

(including cash advances). During the same year, 3. 3 bi 11 ion retail card 

transactions took place on sales of over $100 billion. 

Most bank credit card transactions take p 1 ace in specialty stores 

and mass merchandising stores for mostly durable goods. Most retail credit 

card transactions take place in the retail petroleum segment and in department 

stores. 

Debit Cards 

The last notable payment mechanism is the debit card. To date, the 

debit card has seen limited usage at the point-of-sale. The critical 

difference between the credit and debit card is the timing of when the funds 

are paid. With credit cards, the consumer is billed monthly for charges 
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incurred throughout the month. Except for trave 1 and entertainment credit 
cards, consumers can either elect to pay the credit balance in full, or a 
portion of it, leaving the remainder to be paid in future installments at 
established interest rates. 

On the other hand the debit card is essentially a paperless check. 
Ideally, the debit card transaction causes the transaction amount to be 
immediately subtracted from the demand deposit account (checking account). 
Debit card transactions generally are conducted through an on-line link to the 

card issuing bank where the consumer account is set up. When the consumer 
presents his/her card, the account information and security related 
information encoded on the magnetic stripe on the back of the card is read by 
a terminal and "sent downline" to the appropriate bank 1 s host computer. The 
account is first verified along with the PIN (personal identification number) 
entered at the termi na 1 by the consumer to ensure that the card ho 1 der is 
authorized to use the card. Second the account is checked to ensure that 
adequate funds are in the account to cover the sa 1 es amount entered by the 
cashier. Once these two verification processes are then complete, the sales 
price is either subtracted from the consumer 1 s account and added to the 
store's account, or put "on hold" in the consumer 1 s account until that night 

when the_ funds are transferred to the store 1 s account. 
Because this type of debit card system does not require a paper ■ 

document such as a check to be sent to the bank before funds are transferred 
from one account to another, this type of transaction is called an electronics 
funds transfer (EFT) transaction. In order for an EFT transact ion to take 
place, several system components must be in place. The consumer needs to have 
an appropriate debit card with the encoded magnetic stripe, a terminal must be 
available to read the magnetic stripe and to permit the entry of a PIN, and a 

communication network is needed to link the store with the bank. The 
initialization of a smart card system that utilizes a stored value concept 
would likewise constitute an EFT capability since dollar value would be 
electronically transferred to the storage medium in the card. 

The processing cost of an EFT transaction is much less for both the 
bank and the retailer since paper documents (currency, checks, and credit card 
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receipts) do not need to be sorted manua 11 y, sent to a processing f ac i1 ity, 

key entered into a computer system at the processing facility, and mailed back 

to the consumer. The ability to handle debit card transactions at the point
of-sale have yet to be implemented, although many experimental programs are 

currently taking place throughout the country. 

Debit cards can currently be used however at 50,000 ATM (automated 
teller machine) locations nationwide to obtain cash. While these transactions 

are not point-of-sale transactions per se, they are similar because value, in 

this case cash, is being received through the use of a plastic debit card. In 

1983, over 3 billion ATM transactions were completed through the use of debit 

cards at ATM l ocat i ans. It is estimated that 20 percent of a 11 adults use 

their debit card in an ATM at least once annually. Like the plastic credit 

card, most debit card users tend to be the better educated individuals in our 

society, in the younger age brackets, and in the higher income categories. 

Conclusions 

A profile of today's payment system is important to possible appli

cations of the smart card in the fare collection process for several reasons. 

First, a smart card can be viewed as a sophisticated type of plastic card. In 

today's payment system structure, we can see that cash continues to dominate 
as a payment mechanism. Checks are also prevalent, b'ut are limited to some 

degree because retailers are not always willing to assume the risk of loss 

from a bad check. Most importantly, credit and debit card usage is not nearly 

as prevalent as the more traditional methods of payment, specifically cash and 
checks. This indicates that despite the electronic sop hi st i cation of our 
society, individuals continue to cling to the traditional forms of payment. 

What implications does this have? First of all, consumers much 

prefer the use of cash, particularly for smaller dollar value transactions. 
While cash usage declines markedly for transactions of $10 or greater, 

/ 

virtually a 11 transactions that take p 1 ace for lesser amounts are paid with 

currency and coin. Why? The main reasons seem to be that case is quick, 

universally acceptable, and easy to obtain. The advent of cash changing 
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machines and ATMs are having their effect of making currency and coin even 

easier to obtain. This means that if a system utilizing a smart card were to 

be implemented in today's environment, a radical change in consumer behavior 

would have to take place in order for it to be acceptable. While it is likely 

that security is a concern in carrying large amounts of money, most consumers 

are accustomed to having nominal amounts available for incidental purchases. 

A second conclusion appears obvious. Since credit cards and debit 

cards bear the greatest physical and functional similarity to a smart card, it 

is interesting to note that the prime users of these mechanisms are those who 

are young, well educated, and of higher income levels. This means that for 

those of the lower socio-economic levels, plastic cards being used as a 

payment device are an unknown commodity. Again, a radical change in behavior 

would need to be effected in order to make a smart card a successful product 

in today's fare collection system. 

In analyzing plastic card usage further, it should be recognized 

that many if not most individuals are likely to use their cards for reasons 

that may not apply to fare collection in a bus transit system. As we have 

seen, credit card usage is greatest in those • segments where purchases are 

likely to be for relatively high purchase amounts, thus allowing consumer the 

luxury of paying for the purchase through installments to lessen the burden. 

While we have also seen that many retail segments do not accept credit cards 

because of the prohibitive chargeback system to the store operator, this at 

least demonstrates once again that consumers have been influenced toward the 

usage of cash for small er types of purchases. Being creatures of habit, 

consumers are acclimated to cash and will need a strong incentive to be weaned 

from the use of cash, at least for smaller types of purchases. 

The usage of the paper check also yields an interesting insight into 

consumer preference. That is, consumers are accustomed to being able to 11 see 

and feel II the payment transaction. In other words, they write a check for a 

specific amount, it is used in the transaction, and they eventually receive 

the check back, confirming that the transaction did indeed occur. The 

penetration level of checking accounts in the nation's households suggets once 

again that consumers are accustomed to tangible proof of a transaction. EFT 
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systems require a high degree of trust. While a paper receipt at the point

of-sale may show the amount of the EFT transaction that is to occur, no 

document confirming the value transacted is received like a returned check, or 

a carbon copy of the credit card receipt. It remains to be seen if many 

consumers will be willing to trust an EFT system to correctly remove funds 

from their bank account. 

Debit card transactions at ATMs certainly hold some promise for 

consumer acceptance of EFT types of transactions. However, only 20 percent of 

the adult population are currently responsible for the 3 billion ATM 

transactions that took place in 1983. This suggests that an interesting 

dichotomy exists among the nation's adults. That is, one group has embraced 

the time and location convenience offered by ATMs and are using their debit 

cards with great frequency to obtain cash. A second and far greater segment 

(the other 80 percent) prefers the more traditional forms of cash, checks, and 

credit cards to serve its payment needs. 

The main thrust of this section is that smart cards in a fare 

collection system are a radical departure from the nation's current payment 

system chemistry. Consumers remain traditional in the types of mechanisms 

that are used for point-of-sale purchases. This certainly does not indicate 

that smart cards in a stored value type of system cannot and wi 11 not be a 

successful innovation. Rather, our conclusion is that if a smart card system 

is introduced today it will be a foreign concept to an abundance of consumers 

when considering the current state of the nation's payment system. However, 

the fare collection process is unique in that exact change is required, thus 

burdening the rider to some degree. A smart card system offers the advantage 

of precluding the need for exact change. This poses the possibility that 

riders may embrace the usage of the smart card although it is a new type of 

payment system mechanism. 
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APPENDIX B 
THE PAYMENT SYSTEM OF THE FUTURE 

Introduction 

As established in the previous section, consumers have yet to 

embrace EFT types of payment mechanisms on a widespread basis. For the most 

part, cash is used on virtually a universal basis for transactions of $10 or 

less with checks being dominant in most retail segments for transactions of 

$10 or greater. Credit cards while being popular among certain segments of 

the population, are used mostly by the higher socio-economic classes of adults 

and predominantly in stores where either durable goods are sold or in gas 

stations. Therefore, from a societal point of view, a smart card system may 

face less than an enthusiastic response due to a lack of precedence within the 

overall payment system. 

This section attempts to provide a forecast as to how the payment 

system will evolve over the remainder of the decade. A major question here is 

that while today's rather unsophisticated payment system may not be conducive 

for the acceptance of a smart card system, is it possible that major changes 

may be imminent that could cause a rapid development and acceptance of more 

efficient forms of payment using EFT types of transactions? 

Given that changes will be occurring rapidly in the nation's payment 

system, a second question dealt with in this section will be the likelihood of 

a widespread need for a smart card capability within the overall payment 

system. While it is not crucial for a smart card system designed for the fare 

collection function to be integrated into the overall payment system, it 

certainly is desirable. Token systems, prepaid paper passes, and other such 

payment systems have existed for years in certain public transit properties 

totally void of any other application outside of the specific transportation 

authority. One of the ultimate objectives of this report however is to 

investigate the possibility that a smart card system designed for fare 

collection could also find other applications within the overall payment 

system. Therefore, included in our look of the payment system of the future 
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will be an examination of the long term viability of the magnetic stripe. 
Most in the industry agree that the smart card is not 1 i ke ly to be accepted 
within our financial payment system unless the magnetic stripe breaks down as 
a restrictive storage medium that lacks sufficient capacity or cannot be 
properly secured to protect against fraud. 

The Need for Change in the Payment System 

The previous section detailed the different forms of payment being 
used, by whom, and at which types of stores. However, it did not address the 
increasing costs associated with our largely paper-based system of cash, 
checks, and credit cards. Within the payment system, it is important to 
remember that three concerns must be satisfied: that of the consumer, 
retailer, and bank. 

From the consumer perspective, two basic 
available to virtually everyone: cash and the check. 

payment options are 
With these two simple 

options, most consumers can conveniently use cash for smaller type purchases 
and the more secure check form of payment for 1 arger purchases. Annua 1 fees 
and credit eligibility prevent many from carrying and using credit cards. 

While these simple facts remain true today, evidence suggests that a 
major catalyst for change is imminent. Banking as an industry has recently 
lost its protective regulatory umbrella as Congress has eliminated certain 
past restrictions that controlled interest rates paid out for deposits. 
Additionally, other major changes have occurred which have allowed more 
organizations to compete with the banks. This has had the net effect of 
increasing costs for banks while reducing revenues. As a result, many banks 
are now struggling to sustain a profit. In the past, it was unusual for more 
than two or three banks to fail in a given year. Beginning in 1981, the 
number of bank fa i 1 ures skyrocketed to around 50 per year with up to 70 
predicted for 1984. According to the FDIC (Federal Deposit Insurance 
Corporation) over 750 banks are in danger of failing. 

With this background in mind, it is not surprising that banks have 
begun to charge larger fees for services and products that traditionally have 
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been free. For example checking accounts used to be largely a free service to 
consumers. Today however, banks need to pay interest on checking ba 1 ances 
(NOW accounts) in order to remain competitive. This represents an enormous 
cost that needs to be counterbalanced by increased revenues. 

In addition, it is very expensive for banks to manually process 
paper checks, especially in light of the fact that over 40 billion checks are 
written per year. Some industry estimates place the actual bank cost of 
handling a check to be $1. Yet, until 1980, most checking accounts only had a 
nominal charge, if any at all. 

Needless to say, the environment has changed rapidly. Banks have 
increased fees rapidly for checks although the average charge remains at $.11 
per check, merely 10 percent of the actual bank cost to process that check. 
It is clear that the cost for checks will continue to rise, with some 
consumers eventually being forced to close their account because of increasing 
fees. Already in 1984, the California and New York state legislators are 
addressing the issue of "lifeline accounts", a concept that ensures that 
consumers regardless of income level would still be able to have access to 
basic banking services, such as a savings and checking account, without having 
to pay the rising costs of those accounts. 

It remains to be seen what the ultimate effect of this legislation 
will be. It appears obvious though that some major changes are inevitable and 
that fewer individuals will be able to afford the privilege of the tra
ditional checking account, especially when more inexpensive alternative 
systems are available. 

EFT Broadens Its Base With the Debit Card 

One alternative that consumers are likely to turn toward is the 
debit card. Unlike the paper check, an EFT transaction initiated by a debit 
card requires little manual effort for the bank to process and is therefore a 
far less expensive service that banks can offer. As described in the previous 
section, debit cards essentially initiate a transaction that serves as a 
paperless check. Instead of writing a check to obtain cash at a bank office 
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or supermarket, consumers merely can use their debit card at an ATM. ATMs can 

also be used to pay many monthly bills. As will be described later in this 

section, debit cards will be increasingly accepted by retailers for point-of

sale transactions. 

The es sent i a 1 point here is that debit card transact i ens can be 

viewed as a direct rep 1 acement for a check. They can be used for purchases 

and to pay bi 11 s, as we 11 as to obtain cash. Furthermore, s i nee bank costs 

are much less for debit card transactions than for processing a paper check, 

banks are likely to price debit transactions far below that for checks. While 

few banks today are charging their customers for debit transactions at an ATM, 

checking costs continue to rise. As banks continue to raise their checking 

fees to be more in line with actual costs, individuals will be influenced to 

write fewer checks and instead use their debit cards. Therefore, simple 

economics are likely to drive consumers toward EFT transactions. 

Increasing checking fees are not the only reason why a rapid 

migration toward EFT types of transactions may be imminent. Availability of 

ATMs has also been a fast changing phenomenon. Although ATMs and debit cards 

have been around for fifteen years, re 1 at i ve ly few consumers had access to 

either a debit card or an ATM in close proximity. Since ATMs until recently 

cost banks an average of $30,000 in hardware costs alone, banks were judicious 

as to where they p 1 aced the machines. The 1 ast two years have seen dramatic 

change however. 

ATM costs have now decreased more than 50 percent as hardware costs 

have declined and more ATMs are being installed within stores where the 

security requirements are far less. Most importantly, a majority of ATMs are 

now part of a shared network. Prior to 1980, most banks restricted the usage 

of their ATMs to their own customers. Today, over 50 percent of a 11 banks 

allow other banks' customers to use their machines. Each time a competing 

bank's customer uses another bank's ATM, the bank which owns the ATM receives 

a small transaction fee that is usually in the range of $.10 to $.30. While 

this appears to be a trivial amount, many ATMs have over 10,000 transactions 

per month. The bottom line effect of these trends is that ATMs are far more 

accessible to a wider range of individuals than ever before. 
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The number of debit cards issued confirms this trend. Banks in 
trying to encourage their customers to use ATMs instead of writing checks have 
mailed free debit cards to virtually all of their checking account customers. 
The number of debit cards issued has swelled to over 110 million, greater than 
the number of VISA and MasterCards issued nationwide. Statistics indicate 
that 33 percent of those who carry an ATM card actually use it. Other 
statistics indicate that only one out of every five non-users has ever tried 
an ATM. This in total suggests that very few individuals have actually 
rejected ATMs. Rather, most individuals have simply not tried them. Major 
marketing campaigns planned by the larger ATM networks are likely to attract 
many first time users. Other networks have been successful in increasing their 
customer user percentage to 50 percent and 60 percent by offering discount 
coupons based upon usage and by randomly offering cash prizes. 

While increased ATM usage is certain to increase consumer awareness 
and acceptance of EFT forms of payment, it is only one of two major areas 
being promoted by the banking and retailing industry. The retailer is also 
being impacted by certain shortcomings within the existing payment system. As 
alluded to in the previous section, many retailers, most notably convenience 
stores and gas stations, do not accept checks because of the risk of 
collection problems. Because a debit transaction involves an immediate 
transfer of funds at the time that the purchase is made, retailers do not run 
the risk of not being able to collect on the customer's account. Addi
tionally, since debit card transactions are handled through an electronic 
terminal, the speed of the transaction is normally a few seconds. This 
represents a major improvement over manual check and credit card approval 
processes which can often take minutes to obtain. Therefore, retailers, 
particularly supermarkets where throughput speed is a major factor, are eager 
to provide a debit transaction capability at their retail establishments. 

Cost is also a consideration to retailers. Similar to consumers, 
retailers are charged for the checks that are deposited with their bank. 
These charges have also been spiraling as banks have been seeking to bolster 
their service charges. While it is not clear if and for what amount retailers 
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will be charged for debit card transactions, it is safe to assume that it will 

be significantly less than the current charges for depositing of checks . 

Also as mentioned in the previous section, many retailers today 

cannot afford to offer their customers the convenience of using credit cards 

at the point-of-sale s i nee retailers are charged a 2 percent to 3. 5 percent 

discount fee of the total sales price. It has become clear that the pricing 

structure for debit card transactions will be much different. Using the Visa 

debit card cost structure as an example, the retailer wi 11 pay a fixed $.25 

charge per transaction. MasterCard wi 11 not charge the reta i 1 er for the 

acceptance of its debit card. This means that many retailers who cannot 

afford to accept credit cards can now afford to accept debit cards. This will 

again serve to promote the usage of EFT debit card transactions since the 

number of retail locations accepting them should increase dramatically. 

It is for these reasons that dozens of banks nationwide are now 

conducting debit card experiments at the point-of-sale. Pilot programs are 

taking place in at least twenty states currently with some retailers already 

committing their organizations to a nationwide program for accept i ng debit 

cards. For the consumer, this means that one more payment alternative will be 

available that will be cheaper to use, faster, and more convenient since cash 

need not be carried to make a purchase. For the retailer, debit transactions 

will also be less expensive, faster, and less risky since the funds are 

transferred at the time of the transaction although some concern exists that 

the 11 immediacy 11 of the debit could limit impulse purchases that are indicative 

of credit transactions. Meanwhile the bank enjoys the advantage of avoiding 

the prohibitive costs of processing paper checks and currency while also 

capitalizing on new income opportunities made available through the usage of 

debit cards. 

All of these developments are significant for the prospects of smart 

card acceptance in fare collection systems since consumers wi 11 become more 

accustomed to the concept and mechanics of an electronic transfer of funds. A 

main question remains though. Within the nation 1 s payment system, is there a 

need for the smart card, or does the existing magnetic stripe plastic card 

currently used for debit card transactions suffice? 
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The Smart Card's Role in the Emerging US Payment System 

The previous section suggests that a larger and more heterogeneous 
proportion of Americans will soon be using plastic cards and EFT devices such 

as ATMs and P0S. The important question for this investigation is--Will the 

smart card replace magnetic stripe technology in the near future? 
Three distinct constituencies are involved here. The consumer and 

retailer will use the new technology if it is at least as easy, fast, and 

inexpensive as existing technology. Today and for the next few years, the 

smart card and its terminals will have a significant cost disadvantage. More 

importantly, the financial institutions, who are traditionally responsible for 

introducing payment system innovations, are not favorably disposed toward 
replacing magnetic stripe technology with anything. Even more important than 

the fact that bankers have been traditionally conservative is the level of 
commitment and capital investment they have poured into magnetic stripe 

technology over the past 15 years. 

Examining the bankers' apprehension more closely, we see that over 

50,000 ATMs have been installed thus far, at an average cost of $30,000 per 
machine. Thus, bankers have invested nearly $1.5 billion in this technology 

alone and are not very anxious to retrofit this hardware with new readers and 

software. Similarly, over 200 million bank credit and debit cards are now in 

circulation, ~nd the complete changeover cost to smart cards could cost banks 
up to $2 billion simply to reissue cards to the existing cardholders. 

Understandably the financial industry in the US is not likely to convert to 

the use of smart cards for data capture or data entry in the payment system 
for the foreseeab 1 e future, s i nee they have invested so heavily in on- 1 i ne 
technology and have obtained a reasonable level of security negating the need 

for premium priced smart card technology. 
However, sever a 1 forward-thinking bankers, most notably John Fi sher 

of Bank0ne, see the chip card potentially being used as an identification and 

security access device for home access of confidential information. The · 

intelligence and memory of a smart card could allow an advanced customer 

identification technology, such as signature dynamics or voice recognition to 
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be used for access to secure levels of a home information system, allowing 

customers to perform secure banking transactions in a remote home or office 

environment. 

Conclusion 

Several industry analysts predict that 5 percent to 10 percent of 

American households will be conducting their banking activity from their 

residential personal computer within the next ten years. If these forecasts 

are accurate, the smart card may find its way into the financial institution 

networks as well as the wallets and pocketbooks of a large group of Americans 

by 1990. However, similar to the credit card customer base, the consumers 

most likely to own a personal computer and conduct home banking are the upper 

income individuals who are least likely to use urban transit in most U.S. 

metropolitan areas. 
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APPENDIX C 
PROBLEMS AND COSTS OF EXISTING FARE COLLECTION SYSTEMS 

Introduction 

The objective of this appendix is to summarize existing fare collec

tion systems in terms of effectiveness, reliability, revenue loss, security, 

and customer satisfaction. 

First, overall costs of the fare collection function are examined, 

followed by discussions on structural fare penalties and fraud losses. These 

problems are of particular concern due to the magnitude of hard dollar losses 

and opportunity costs to the transit property. Specific design problems for 

each system are also outlined with a sampling of customer implications drawn. 

This discussion provides a backdrop against which MC/SC based fare collection 

systems are conceptually designed. 

Costs of Fare Collection 

According to the National Urban Mass Transportation Statistics 

Second Annual Report (June 1982), operating revenue for motor bus operations 

total $1.8 billion, while total costs equal $3.7 billion. Fare collection 

costs have been estimated to account for anywhere from 2 percent to 10 percent 

of operating revenue. These costs include salaries and overhead for ticket 

selling agents, maintenance personnel, revenue and data processing personnel 

as well as the equipment necessary to collect, count, and store fare revenue. 

Fare collection costs are determined by a variety of variables, the most 

important being degree of automation, use of prepaid passes, fee levels, and 

the associated usage of dollar bills. In fact the difficulty of accepting and 

processing a dollar bill adds an incremental cost of 2 to 10 cents per bill 

handled. Specific fare system costs vary, but e 1 ectroni c fareboxes typically 

cost $2000 to $3000 each. Components needed to newly equip an entire system 

would be: the vault receiver unit ($20,000 to $40,000); data processing 
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system (probe and microprocessor) ($30,000); and the farebox audit unit 
($10,000). To equip a new system with 35 fareboxes and the required periph
eral fare collection equipment would typically cost approximately $200,000 in 
hardware and software. 

Motor bus operators experience revenue loss due to several factors, 
including patron fare evasion, transit employee fraud, and even transit 
management fraud. In an UMTA Fare Collection Task Force memorandum dated 
February 6, 1984, studies were cited where revenues lost were estimated to be 
in a range of 20 to 30 percent of deposited revenue. In one transit property 
where rigid security measures were installed a 50 percent increase in revenue 
was observed. Concerning employee fraud, the three basic types of fareboxes 
have varying degrees of security. The nonregi steri ng fare box presents amp 1 e 
opportunity for patron fare evasion and driver fraud, since the only count of 
ridership (if any) is a manual tally performed by the driver. Also, vault 
pullers and cashiers have an opportunity to absorb revenue, since 
accountability is minimal. The mechanical registering farebox maintains 
ridership and revenue tallies, so fraud is checked somewhat, but drivers often 
handle dollar bills as well as tickets and passes, presenting an opportunity 
to bypass the farebox altogether. Also, maintenance is required, creating 
another fraud opportunity. The electronic registering farebox accepts dollar 
bills and reduces drivers' direct contact with payment media. 

The present fare co 11 ect ion systems are not we 11 designed to vary 
the fare depending on length of trip although techniques exist for simple 
driver enforced "zone checks". Structural fare loss refers to the revenue 
lost by the system's inability to easily accomodate fares based upon distance 
and time of day parameters without direct driver intervention. In the same 
memorandum referenced above, experts estimated that the motor bus industry is 
foregoing about 10 to 20 percent of its potential operating revenue from its 
multifare collection limitations. In fact, one study cited in the memorandum 
suggested that "fares charged according to distance could cover 60 percent of 
operators' costs in comparison with the 40 percent that current fares 
typically cover." This estimate translates into an increase in revenue of 
$800 million annually or 40 percent over current revenues if multizonal fares 
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could be implemented at all transit authorities. In some cities, distance 
based fares are not implemented because of political considerations. 
Therefore, both technological and political forces can be obstacles to the 
implementation of distance based fares. However, the political influence has 
not precluded the use of distance based fares in rail transit. Most of the 
dollar benefit which could be achieved from distanced based fares would come 
from the large cities such as New York or Chicago, where enormous service 

areas are covered at a single base fare. 
Another point is that one of the major structural penalties is the 

inability to segment the market, so as to charge the marginal amount which a 
given market segment is willing to pay. This problem is faced by rail and bus 
systems alike. A good example of a successfully segmented fare structure is 
the airline industry, where a wide variety of fares are charged and the market 
is segmented to a high degree. Most of the fare prepayment systems which have 
been implemented have totally ignored market segmentation, except for the 

federally-mandated half-fare for elderly and handicapped passengers. In 
addition, most prepayment systems have resulted in reduced revenue to the 
transit authority, since the typical "monthly pass" has a utilization rate far 
in excess of the 11 forty-rides-per-month 11 on which the price of most passes is 
based. A memory card system based on a stored number of rides rather than an 
unlimited monthly pass type of system would greatly enhance transit revenues. 

Surprisingly, on-board robberies and vandalism of fareboxes have 
decreased sharp 1 y in recent years, and are now infrequent occurences. The 
important reasons for this phenomenon are the lack of driver contact with pay

ment media, and the increased structura 1 security of the fare box and cash box 
design and construction. 

Consumer Attitudes 

Motor bus customers have a basic motive for riding - they want cost
effective, convenient, timely transportation. Concerning passenger con
venience, the present fareboxes contribute to slow throughput in several ways. 
First, coin and bill jams can delay passenger loading. Also, searching for 
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exact change lengthens wait time. These elements combine with traffic conges
tion to make bus arrival and departure schedules one of the least reliable in 
public transit. Reciprocally, the consumer is inconvenienced by having to 
carry correct change media, and having to wait for the payment to clear the 
recognition meter and inspection plate before boarding. 
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APPENDIX D 

SAMPLE FARE COLLECTION REPORTS 

Today's electronic registering farebox collection systems utilize 

microcomputers to interpret the ridership and revenue data into useful manage

ment reports. Although new software is continually being deve 1 oped, Appendix 

D presents several useful reports which are currently available. The reports 

to be discussed are: The Daily Summary Report; The Route Summary Report; The 

Monthly Summary Report; The Current Bus List; and The Daily Data Report. 

Daily Summary Report 

The Daily Summary Report provides a summary of the entire day's 

activity in easy-reference form. The report first presents security a 1 arms 

which may need management attention; management may then review the menus to 

determine which buses have been affected by these alarms and take appropriate 
action. Revenue and ridership counts are presented next, then a listing of 

buses with fareboxes needing preventive maintenance. Any buses which were not 

probed on that day are listed. Finally, any bus which has not been probed for 

more than a month (and so is about to be deleted from the bus list) is 
presented. See Figure 0-1. 

Route Summary Report 

The Route Summary Report presents the data from the various 
route/run lists. The program first displays revenue summarized by route, as 

in Figure D-2. The program then displays the revenue from the route/run lists 
for each route, divided by the time of day when the route/run list was 

created. This report is one of the most useful for service planning, and is 
shown in Figure 0-3. 
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Monthly Su1T111ary Report 

A Monthly Summary Report is also available. This displays the 

totalled master lists for each day of the month and Figure 0-4 shows an 

example. The current program also provides a histogram of daily revenue for 

the month, as seen in Figure 0-5. 

Current Bus List 

The computer maintains in memory a list of the bus numbers active in 

the transit system. This list can be accessed, along with the most recent 

date each bus was probed. See Figure 0-6. 

Daily Data Report 

The 0a i ly Data Report presents the comp 1 ete contents of a 11 memory 

of the farebox for a single day, and is found in Figure 0-7. The master list 

is printed first, showing the cumulative revenue to date (since the last time 

the memory was cleared), the current revenue (e.g., the amount collected since 

the last time the bus was probed), the "Extra Revenue" (e.g., revenue which 

was "dumped" by the farebox without being attributed to a particular ridership 

class--an indication of how well the driver is doing his _ job of classifying 

revenue), the "dump count 11 (e.g., the number of times revenue was dumped 

without being classified--another indication of driver performance), the 

ridership in the various fare classifications, the number of large and small 

tokens, the number of dollar bills collected, and the number of tickets 

collected. 

The computer next prints the "diagnostics". These are a variety of 

figures which indicate voltage conditions to the farebox (warm start, cold 

start) and may indicate bus electrical problems. Following the report 1 s 

columns to the right, the cumulative number of coins and tokens processed by 

the coin mechanism is presented indicated by SMLTOK, dimes, pennies, etc; this 

can be used to schedule preventive maintenance. The next two lines (beginning 
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M lllY 14 18874. 74 131 6 4 3 11722 116 989 I 5754 832 m 22 2123 2Y5 7J 1781 5742 193 61 3775 11 
17 IIIY 14 13771.74 99 11 3 4 134!1 n 1131 I 4736 525 333 12 1153 2167 56 1721 4713 144 31 2788 12 
Ill lllY 14 7496.19 66 4J 3 2 7311 JI 677 I 2622 195 1'-1 4 W 1297 11 mm 99 11 1547 8 

19 lllY 84 16187.34 " 17 32 2 15699 m 96& I 5921 531 467 27 1275 2844 91 2119 6175 154 54 3325 21 
11 MAY 84 12211.62 95 15 4 7 11936 92 ~ I 4564 458 318 I 8&7 2123 54 1511 4699 147 29 c!:J,7 7 
11 IIIY 84 12731.13 99 13 3 7 12W 88 1142 I 4661 ~ 371 12 1162 2131 5'5 15211,.m 127 29 2776 11 

12 MAY 84 ~79 lli 74 1 I 4942 I I 11• 315 119 4 472 691 4 246 lffi 3 3 ~ 2 
14 IIIY 84 12172. 74 93 11 I 7 11991 

" 952 
I 4311 517 2SI 6 932 2187 46 1445 4485 133 26 2512 14 

15 MAY 84 11218. 74 91 19 1 6 11112 91 641 I 4114 l51 294 16 &11 2329 67 1431 4117 124 49 2421 11 

16 IIIY 84 11361. 43 111 14 5 5 11114 131 1111 I 48 343 Z7I 15 814 2171 56 1517 4225 1:52 272455 19 
17 MAY 84 11711.22 1• 13 1 3 11527 n 672 I 4391 386 311 13 m 2118 41 1511 4:522 147 JI 2:521 4 
18 IIIY 84 121111.24 114 13 5 6 11685 84 1551 I 4411 449 313 11 972 2121 21 1445 4415 134 2J 2536 16 

19 lllY 84 4824.11 34 n I I 4221 I I I 1124 215 127 I 496 619 9 171 W 9 7 175 2 
21 IIIY 84 18449.21 96 19 4 3 11148 163 794 I 3741 311 212 14 611 1922 5'5 1313 3825 154 29 2211 19 
22 MAY 84 11527.31 91 21 2 3 11221 123 1112 I 3831 257 254 7 642 2139 61 149' 3928 171 13 2319 6 

23 IIIY 84 11711. 76 96 19 4 3 11431 111 811 I 3987 311 258 17 786 215'5 74 1417 4171 142 41 2399 6 
24 MAY 84 11111.:52 111 13 3 2 117!1 62 846 I 4271 319 254 7 799 2113 61 1476 4273 141 31 2527 11 
25 IIIY 84 11317.33 99 14 6 I 11166 115 923 I 4233 473 24' 4 129 21N :52 1416 4cl9 132 14 2623 7 

26 MAY 84 3472.31 36 74 1 I 3676 1 4 1 an 213 84 I l52 532 7 167 812 2 4 1119 I 
28 IIIY 84 2151.33 98 14 2 2 41 111825 I 22 246 2 I 1 1444 2253 1 2&14 72 I 114 1 
29 IIIY 84 11661.19 1• 12 1 1 115'53 111 649 3 4143 311 215 11 732 an 139 12J1 4164 121 27 2242 12 

= =-==- =-===- ===- ==- === ~ ::ma - ... =- - - =m =- :a aa:r :=:s =- =- ==- -
TDTllS • 252688.18 2141 988 96 7J 245573 28179 88557 6125 19366 3422 92279 665 232 

2185 3 8862 265 44775 29941 2845 539 

IC II.JII = cnhbor 1luw; ti II.Ill • by-pH1 1lua 

FIGURE D.4 MONTHLY SUMMARY REPORT MASTER LIST 
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omu !iMl!Y COiTI1t£D1 C1J1PA1¥1Tl',{ DAILY IEv9t£ FOR ~y 

11874 II 
11497 II 
11119 I II 
m42 I II 
17J&4 I II 
16987 I II 
16619 I II 
162.12 I II 
1SIIS4 I II II 
1sm I II II 
1519!1 II II II 
14722 II II II 
14344 II II II 
lJCJli7 II II II 
13:519 II 1111 II 
13212 II 1111 II 
12934 II 1111 II 
12457 II 1111 II II 
12m II 1111 111111 II II 
11712 II II II II II II II II II II 
11324 II II II 1111 II 1111 II 1111 II 
11947 II 1111 1111 111111 II II II II II 1111 
11569 II 1111 II II II II II II 1111 II II II II II II 
111£ II II II 1111 II II II 11111111 II II 111111 II II 
9814 II 1111111111 II II II 1111111111 II II II II II II 
94J7 II 1111111111 111111 · II II 1111 II II II II II II II 
9151.1 II II 1111 II II 1111 II 1111111111 1111111111 II 
1682 II II 1111 II II II II II II II II 1111 II II II II II II 
1314 II II 1111 II II II II II II II II II II II II II II II II 
79c/ II II 11111111 II II II II 111111 N N II II II II II 
7549 II 1111111111 NNII NNNIIII II II II II II II 
7172 II 1111111111 NII II II 1111111111 II 11111111 II 
6794 II II II II NIIII 111111 II II II II II 1111 1111 II II 
6417 II 1111II111111111111 II II 1111 II II II 111111 II 
6139 II 111111111111111111 N 1111 II II II. II II II II II 
5lili2 II 111111II11111111 II 1111111111 1111 II II II II 
5284 II II II II II II II II II II II 111111 II 1111 111111 II 
4917 II 111111 II II 111111 II 1111111111 1111111111 II 
4529 II 111111111111111111111111111111 1111111111 II 
4152 II 111111111111111111111111111111 11111111 II II 
m4 II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIII II - 3397 II 11111111111111111111111111111111111111111111 II 
lll9 I 11111111111111111111111111111111111111111111 II 
2642 111111111111111111111111111111111111111111111111 
2264 111111111111111111111111111111111111111111111111 
1187 111111111111111111111111111111111111111111111111 
151'3 111111111111111111111111111111111111111111111111 
1132 IIIIIIIIIIIIIIIIIIIINIINNIIIIIIIIIINIIIINII 
754 IIIIIIIIIIIIIIIIIIIIIIIINIIIINIIIIIIIIIIIIIIII 
m II 111111111111111111111111111111111111111111111111 

I II 111111111111111111111111111111111111111111111111 
II 
I I II I I Ill II 11111111111111111111111111111111111111111111111111 I I I I I I I I I I I I I I I I I I I I 

IIIY 1 2 3 4 7 I ! 11 11 12 14 15 16 17 11 19 21 22 23 24 25 2' 28 29 

FIGURE 0.5 MONTHLY SUMMARY REPORT DAILY REVENUE 
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CURIOT 11.6 LI ST ERJRIEIElPIESS MI 31 11W 84 18:54 ~ Pilgl I 

ll.6 I PIDIED ll.6 I Pll!E) ll.6 I PIUED ll.6 I PIIIED 11.6 I PlllllEI ll.6 I PIIIE) - -==== - - - =--= - - - - - -
Ill 15/28/84 11! 15128/84 113 15/28/84 • 114 15/28/84 115 15/28/84 116 15/28/84 
117 15/28/84 118 15/28/84 119 15/28/84 111 15/11/84 t 211 15/28/84 ZE 15/28/84 
214 15/13/84 t 215 15128/84 216 15/28/84 2f7 15/28/84 219 15/28/ 84 211 15/28/84 

211 15/28/84 212 15/28/84 213 15/28/84 214 15/28/84 215 l5/28/84 216 15/28/84 
217 15/28/84 219 15/28/84 ZZI 15/28/84 Z22 15/28/ 84 311 15/28/84 312 15/28/M 
311 15/28/84 'Jf7 15/28/84 318 15/28/84 319 15/28/M lll l5/28/M 311 15/28/84 

312 15/2!/84 314 15/27/84 t 315 15/28/84 31& 15/28/84 317 15/28/84 318 1:1/28/84 
:a 15/28/84 321 15/28/84 322 15/16/84 • 324 15/28/ 84 326 15/28/ 84 327 15/28/ 84 
3211 15/22/84 t 329 15/28/14 ~1 15/28/84 t 412 15/17 /14 • 414 15/28/14 ~ 15/27/84 • 

.., 15/28/84 • 488 15/24/84 • 489 15/28/ 84 411 15/28/84 611 15/28/84 612 15/28/14 
613 15/28/ 84 615 15/28/84 616 15/28/84 617 15/28/84 688 15/2B/84 619 15/28/84 
61115/28/M 611 15/28/ 84 612 15/28/14 613 15/28/84 &14 15/28/84 615 14/25/84 • 

616 15/28/84 617 15/28/84 611 15/28/84 619 15/28/14 • 62115/28/M 621 15/28/84 
623 15/28/84 624 15/28/84 625 15/27 /84 • 62' 15/28/84 627 15/28/14 628 15/28/84 
629 15/28/84 &JI 15/28/ 84 '31 15/28/M 632 15/2B/ 84 W 15/28/84 634 15/28/14 

~ 15/28/84 ~ 15/28/84 6J7 15/28/84 '31 15/28/84 165.1 15/28/14 1741 15/28/84 
1741 15/14/84 t 1742 15/28/84 1835 15/28/84 18J7 15/28/M 1919 15/28/M t 1921 15/28/M 
1921 15/15/14 • 1922 15/28/84 192.3 15/28/84 1924 15/28/84 1925 15/28/M 2179 15/28/M 

i!2J2 15/28/14 

• indic1t11 ilil'B pl"ftlllt for this bus 

FIGURE D.6 CURRENT BUS LIST 
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DAILY DATA EG!T FOR: 1£TI[) AIU EXPIESS ~l 15/29/14 

EQn PRINTED CII: IIIY 31, 1984 AT l'J128113 ~ 

Pll1IED L6 TO DATE 0JIIDT EIT1II 1U1P FAIIE FrlE FrlE FrlE ICEY ICEY ICEY ICEY ICEY ICEY ICEY KEY KEY Lli Sil. BIU TIO< 
AT I IEV S IEV S IEV S 00 I 2 3 4 I 2 3 4 5 ' 7 I 9 Tl<N Tl<N 00 00 

Ill II I I I I I II II I I I I I I II I II I I II I I II I I II I I I I I Ill II II I Ill Ill I I I I II I I I I I II I II I I I II I I I I I I I I I I I I I I II Ill I I I I I I II Ill I I I I II I I I I II I II IHff 

&:42 R'TE " 38 IUI • 3822 IEV • Sl9. 75 zz I I I 11 I I I I 9 I I 2 I I I I 
7:51 m • 39 U • 3822 IEV • tll.35 12 I I I I I I I I 3 I 1 1, I I 1 I 
7:52 R'TE • 38 U • 3822 IEY • S I.• I I I I I I I I I I I I I I I • I 
8:42 R'TE • 38 U • 3822 IEV • t25.13 2S I I I 13 1 I I I I I 3 I 1 I 4 I 

DRIVER ttJll£R 1626 
8:47 R'TE • . 39 U • 31123 IEV • t 1. 61 2 I I I I I I I I 2 I I 2 I I I I 

~ 417.,. ~ ikrr,s 1.11 2 I I 47 I I I _1_,,J ~ I I I I I I I I 
c/§aix 1E1MD III POI..rtdx Af: 1a --a.rCIU.ECTE'D IIITII cd:JI l's ff.~:. 

- • U~951- - - - - - - --- - - - -•.# DIA6NISTICS: 
I-5TOAE 111111-ST au-51' SIIU Sil. TlJ( D IIES PEIIIIES NIO<El.S LIii TCI< IUlRTER SBA S IIU S 

I I 2 I I 74 JI 39 • 131 I • DID DIP PIP DIN PIM DIii PIii N/11 11/11 TlXl 816 COINS BILLS TIO<ETS 
I I I I I I I I I I 273 I • DRIVER UIER 1146 

9:49 m = 91 U = 9124 IEY • t I.II I I I I I I I I I I I I I I I I I 
= 9124 IEV" Sll.85 I I 47 I I I I I I I I I I I I I I 

17:34 1837 &&7.69 93.39 2.64 33 9" I I I 64 I I 16 I 11 11 3 I 31 I 
IUIIUCl£RS: 29231 2123 IZZ 

DIIBIETICS: 
I-5TIIAE iMt-5T au-51' 9A.l. Sil. TlJ( D IIES PEIIIIES NIO<El.S LIii TCI< IUIRTER SBA s IIU t 

4 154 7 I I 171 939 615 II IW a 13 
DID DIP PIP DIN PIN DIii PIii N/11 11111 TlXl 816 COINS BILLS TIO<ETS 

3 I I 1 1 I 1 I I 1 3929 162 I 
DRIYER IUIIER 1235 

5:26 R'TE " 21 U " 2123 IEY = t I.II I I I I I I I I I I I I I I I I I 
6:16 R'TE " 21 IUI = 2123 IEY • 964. 54 68 I I I 42 I 1 I I 11 I 3 11 3 I 23 I 

DRIVER IUIIER 1518 
&:17 R'TE " 1 IUI" 1ZZ IEV " SI.II I I I I I I I I I I I I I I I • I 

17:34 RTE "' 1 Us lZZ IEY" S28.85 26 I I I zz I I I I 6 I 8 I I I 7 I 

17:41 634 387.51 139.96 S. 71 49 141 I I I 65 s 2 I ' 13 21 43 I JS 
U IUIIERS: 4512 ZZ42 145 

DIA6NISTICS: 
I-5TOIE IIIRlf-ST au-51' SIIU Sil. TIJ< DIIES PEIIIIES NIO<El.S LIii TCI< llJIRTER SBA S IIU t 

5 6 a I 1 4JI 341 382 I 912 • a 
DID DIP PIP DIN PIN DIii PIii N/11 11/11 TlXl 816 COINS BILLS TIO<ETS 

1 I I I I • I • I I 2174 91 1 .. DRIVER IUIIER 14U 
4:57 RTE ., 45 U = 4512 IEY • t I.II I I I I I I I I I I I I I I I I I 

DRIVER IUIIER 2117 
14: 16 R'TE • zz u" ZZ42 IEY " SlZZ. 91 131 I I • '3 3 2 I ' 7 1 3 2S • 1 32 l 
15:• R'TE = ZZ IUI • ZZ42 IEY • t 8. N I I I I I I I • I I I 15 I I I 2 I 

17:42 611 5.l6. 93 16. 11 1.15 5 17 I I I 9 I I I I ' I I 37 I I 2 I 
IUI IIJIEAS: 5128 SH 

DIA6NISTICS: 
I-5TOIE IIIIIKT lll.lrST SIIU Sil. Tll< DIJIES PEIIIIES NIO<El.S LIii TCI< llJIRTER SBA t IIU S 

7 14 • 1 2 686 528 564 11 1296 I 1 
DID DIP PIP DIM PIM DIii PIii NIii 11/11 TlJl 816 COINS 8 ILLS TIO<ETS 

I I I I I I 1 I I 1 3188 111 I 

FIGURE D.7 DAILY DATA REPORT 
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with 11 0/0 0/P P/P etc. 11
) show the number of coin combinations where two coins 

went through the coin counter while touching. If this happens too many times, 

it indicates that the coin counter needs servicing. 

Next, the computer prints the contents of the route/run lists, 

showing the time they were created, and the route and run numbers as entered 

by the bus driver. 

0-10 
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