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Administrators, engineers, and many others in the transit in-
dustry are faced with a multitude of complex problems that 
range between local, regional, and national in their prevalence. 
How they might be solved is open to a variety of approaches; 
however, it is an established fact that a highly effective approach 
to problems of widespread commonality is one is which oper- 
ating agencies join cooperatively to support, both in financial 
and other participatory respects, systematic research that is well 
designed, practically oriented, and carried out by highly com-
petent researchers. As problems grow rapidly in number and 
escalate in complexity, the value of an orderly, high-quality 
cooperative endeavor likewise escalates. 

Recognizing this in light of the many needs of the transit 
industry at large, the Urban Mass Transportation Administra-
tion, U.S. Department of Transportation, got under way in 1980 
the National Cooperative Transit Research & Development Pro-
gram (NCTRP). This is an objective national program that 
provides a mechanism by which UMTA's principal client groups 
across the nation can join cooperatively in an attempt to solve 
near-term public transportation problems through applied re-
search, development, test, and evaluation. The client groups 
thereby have a channel through which they can directly influ-
ence a portion of UMTA's annual activities in transit technology 
development and deployment. Although present funding of the 
NCTRP is entirely from UMTA's Section 6 funds, the planning 
leading to inception of the Program envisioned that UMTA's 
client groups would join ultimately in providing additional sup-
port, thereby enabling the Program to address a large number 
of problems each year. 

The NCTRP operates by means of agreements between 
UMTA as the sponsor and (1) the National Research Council 
as the Primary Technical Contractor (PTC) responsible for ad-
ministrative and technical services and (2) the American Public 
Transit Association, responsible for operation of a Technical 
Steering Group (TSG) comprised of representatives of transit 
operators, local government officials, State DOT officials, and 
officials from UMTA's Office of Technical Assistance. 

Research Programs for the NCTRP are developed annually 
by the Technical Steering Group, which identifies key problems, 
ranks them in order of priority, and establishes programs of 
projects for UMTA approval. Once approved, they are referred 
to the National Research Council for acceptance and admin-
istration through the Transportation Research Board. 

Research projects addressing the problems referred from 
UMTA are defined by panels of experts established by the Board 
to provide technical guidance and counsel in the problem areas. 
The projects are advertised widely for proposals, and qualified 
agencies are selected on the basis of research plans offering the 
greatest probabilities of success. The research is carried out by 
these agencies under contract to the National Reserch Council, 
and administration and surveillance of the contract work are 
the responsibilities of the National Research Council and Board. 

The needs for transit research are many, and the National 
Cooperative Transit Research & Development Program is a 
mechanism for deriving timely solutions for transportation prob-
lems of mutual concern to many responsible groups. In doing 
so, the Program operates complementary to, rather than as a 
substitute for or duplicate of, other transit research programs. 
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FOREWORD This report addresses the potential for using a modular approach to automatically 
collect data on board transit buses. Recommended technical specifications for various 

By Staff modular units, such as passenger counters and fare collectors, and for the totally 
Transportation configured system are provided. Guidelines are included to aid the practitioner in 

Research Board evaluating the utility of automating data collection activities and to assist in the design 
and implementation of an automatic data collection system based on transit agency 
needs. These guidelines are applicable with or without the use of separate modular 
components. The modular approach, however, will permit step-by-step implementation 
and ease in tailoring a system to an agency's present needs without greatly limiting 
future options. A greater degree of flexibility to update systems because of improve- 
ments in individual components is also provided through the modular approach. The 
report will benefit transit agency personnel concerned with the collection and use of 
bus passenger and fare data, and those involved with the physical implementation 
and procurement of equipment. Manufacturers and suppliers will benefit by consid- 
ering the recommended specifications for the modular approach and individual com- 
ponents in the development of data collection equipment. 

Current economic conditions coupled with a continuing need to provide opera-
tional efficiency require that a transit system improve productivity while making the 
best use of limited resources. Emphasis on improving route productivity places an 
increasing importance on good ridership and schedule adherence data so that re-
sponsible decisions on routing and scheduling can be made. In addition, because fare-
box revenue is important to the stability of transit systems, accurate fare payment 
information by fare category is needed to calculate the effects of alternative fare 
adjustment proposals, including an analysis of the equity of fare structures. 

Currently the most predominant form of gathering ridership information is col-
lecting data manually. Data gathered in this manner are expensive to collect and 
process, limited in scope, and usually infrequent. Fare and revenue data are generally 
available only on a systemwide basis, and special efforts that usually rely on driver 
participation or cumbersome fare-box handling are required to collect route-level, 
fare-payment information. 

In recent years, a few transit systems have turned to automated methods. Al-
though, in general, transit properties that have used these automated systems have 
been satisfied, widespread use has not occurred. Some reasons why many transit 
systems have not implemented automated technology include: (1) a general lack of 
understanding of the options available in terms of hardware to provide the information; 

an uncertainty as to how much of what type of hardware and software is needed; 
the lack of commitment by transit management to implement the technology; (4) 

the difficulty in quantifying benefits, together with costs, and in determining the net 
benefits to the transit system; and (5) the lack of standardization of functional re-
quirements of the technologies, which, in turn, dampens the availability of hardware 
and discourages manufacturer participation. 

Under NCTRP Project 39-1, "A Modular Approach to On-Board, Automatic 
Data Collection Systems," The MITRE Corporation investigated and developed re-
quirements and implementation guidelines for an automated on-board passenger/fare 
data collection system using a modular equipment configuration. The guidelines de-
tailed in Appendix I for evaluating the utility of automating a data collection system 
and for designing and implementing such a system, however, are applicable with or 
without the modular concept. Recommended specifications, especially performance 
specifications, for individual hardware components found in Appendix II will also be 



of benefit with or without the modular concept. The use of the report will greatly 
assist transit properties in the various aspects of collecting and using passenger/fare 
type data obtained from either a totally automated or a partially automated system 

installed on-board transit buses. 
The modular configuration that has been investigated and suggested in this report 

is intended to provide flexibility to transit agencies and encourage competition in the 
marketplace. A truly modular system permits step-by-step implementation, which may 
be required by budget constraints or perceived present needs, together with the ca-
pability to accommodate unforeseen future data requirements or to update modules 
without the need to redesign or purchase an entirely new system. However, because 
a universally applicable modular approach is not now standardized, implementation 
of the concept will require agreement among at least several transit agencies or 
manufacturers, or preferably both. Specific agreement will also be necessary on a 
standard interface to allow the greatest degree of flexibility in the selection of various 
modules. Recommendations for the technical requirements of individual units and 
the adoption of a suggested interfacing connection are set forth in the report with the 

intent to provide a basis for such agreement. 
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MODULAR APPROACH TO 
ON-BOARD AUTOMATIC DATA 

COLLECTION SYSTEMS 

SUMMARY 	During the past decade, several North American transit agencies have implemented 
automated data collection systems to gather ridership, fare revenue, and schedule 
adherence statistics necessary for effective operations management. The experiences 
of these transit agencies have shown that on-board automatic data collection systems 
can meet transit management information needs, improve data accuracy and availa-
bility, and reduce data collection costs. 

The research conducted under NCTRP Project 39-1 investigated three critical 
aspects related to future widespread implementation of automatic data collection 
systems: 

The potential for standardizing system requirements for automatic data collec-
tion system hardware and software. 

Transit agency requirements for designing, selecting, and implementing a cost-
effective automated data collection system. 

Constraints to successful implementation of automated data collection systems. 

This report documents in Chapters One through Four the activities and findings 
of the research regarding a standardized modular system and the deployment/ap-
plication constraints. Appendix I contains an implementation manual that serves as 
a practitioner's guide to procedures for designing, selecting, and implementing an 
automated data collection system. Appendix II contains detailed technical specifica-
tions that may be used to assist in the procurement process. 

In general, the research found that despite reliability and delivery problems en-
countered with early installations of automatic data collection systems, transit agencies 
and manufacturers show more interest in on-board automatic data collection systems 
than is generally perceived. The research also confirmed that automated data collection 
systems offer advantages over manual data collection systems in many transit appli-
cations. These advantages include (1) improved data turnaround time, (2) lower data 
collection costs, and (3) better quality data. At larger transit agencies, the annualized 
cost of an automated system approximates the cost of checker salaries alone. 

The following summarizes the findings according to the three critical areas asso-
ciated with implementing automatic data collection systems. 

Standardized System Requirements 

The research presumed a modular approach to the design of an automated data 
collection that is intended to standardize the various functional units of the system 
so that each unit (or module) is fully compatible with other units regardless of the 
manufacturer. 
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It was established that such a system is feasible based on the similarity of man-
agement information data requirements among transit agencies, the penetration of 
microprocessor technology in the transit industry, and the availability of standardized 
electrical and mechanical interfaces to link the modules. A computer bus (a set of 
address, data, control, and power circuits arranged in a standardized manner and 
operating under a strict set of data communication rules) known as STD BUS was 
chosen as the standardized link for the system because it is well established, widely 
recognized, and supported by many suppliers. (The STD BUS is supported by multiple 
sources including the STD Manufacturers Group (STDMG). STDMG has prepared 
and makes available to interested parties, a document titled, "STD BUS, Specification 
and Practice." STD BUS is recognized as a defacto industry standard without any 
trademarks, copyrights, or patents restricting its use. STD BUS also provides the 
foundation for a proposed Institute of Electrical and Electronics Engineers (IEEE) 
Standard P961. The STD BUS term is used throughout the report because this term 
will remain more widely recognized, at least, until the IEEE standard is fully developed 
and adopted.) Technical specifications based on this standard were developed. De-
velopments in data communications standards, such as the Digital Data Bus (D 2B), 
were examined and found to be suitable to the data collection functions addressed in 
this research. As emerging standards become accepted and hardware incorporating 
them is available, a reassessment of the standards underlying this research should be 
undertaken. 

The standardized data collection system consists of 13 modules. The modules 
provide the electronic means to gather passenger, fare, and schedule data, to obtain 
the information required to define and identify data records, and to provide information 
storage, control, and retrieval functions. The nucleus of the modular system is a 
microprocessor based unit called a system controller. Each module located on the 
vehicle is plugged into the system controller via the STD BUS and is required to 
communicate specified data. Provided these conditions are met, a transit agency may 
choose to implement any variation of the individual modules. 

System Design and Implementation Issues 

The research examined the cost impacts of alternative automatic data collection 
system configurations representing several significant system design and implemen-
tation issues including: 

Signposts—A comparison of a data collection system with two signposts per 
route to a system without signposts revealed that costs were nearly equivalent. The 
choice between the two alternatives depends largely on the reliability of dispatching 
procedures and driver involvement to provide data identification functions. 

Fare data collection equipment—The cost of adding an electronic registering 
farebox roughly approximates the unit cost of the on-board equipment associated with 
passenger counting equipment. Only the incremental cost for upgrading electronic 
fareboxes (about $500 per farebox) on buses instrumented with data collection equip-
ment should be attributable to the data collection system. Purchases of electronic 
fareboxes must be justified on grounds other than data collection benefits. 

Standardized software—Standardized, user friendly software offers the potential 
for reducing the initial investment costs for an automated data collection system and 
the labor costs associated with data analysis. Standardized software would be most 
beneficial to small transit agencies because software development and processing costs 
represent a sizable burden in these applications. 

Dedicated computers for data processing—The analysis indicated processing costs 
are sensitive to the type of computer facilities used and that dedicated computer 
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facilities may be cost-effective. An in-house mainframe is likely to reduce costs at 
large transit agencies compared to time-share arrangements. Medium-size systems can 
achieve savings with microcomputer or minicomputers. 

Step-by-step guidelines for selecting and implementing an automatic data collection 
system were developed in this research project. Two activities in the evaluation process 
merit careful consideration because the results can influence the outcome of the cost-
effectiveness evaluation. These activities are (1) estimating equipped bus requirements 
and (2) estimating the potential benefits of automatic data collection systems. 

The number of equipped buses required by a transit agency depends on its sampling 
strategy for data collection, cost considerations, dispatching procedures, and imple-
mentation plans. Although valid approaches for estimating equipped bus requirements 
range in complexity, simplified approaches are recommended for system sizing. The 
two techniques included in the implementation manual generated equipped bus re-
quirements close to 10 percent of the fleet for a typical transit agency. 

The potential benefits of automated data collection systems—cost savings in data 
collection functions as well as indirect benefits from improved and more timely data—
can be significant, but are difficult to estimate. Comparisons of automated data 
collection systems with a manual system should be based on similar data collection 
activities for both systems, not the current level of effort. The indirect benefits such 
as productivity and efficiency improvements and enhanced management decision-
making are very difficult to monetize. A qualitative assessment of the potential for 
achieving these benefits is recommended. 

Barriers to Implementation 

This research identified numerous labor, management, and institutional issues that 
can hinder successful implementation of automated data collection systems. Because 
transit agencies with automated data collection systems have not experienced signif-
icant problems, it appears that the barriers can be minimized by comprehensive 
planning to include training, coordination, negotiation, etc. The most important step 
is early involvement of all departments and personnel who would assume the functions 
and responsibilities. Serious consideration should also be given to phased implemen-
tation. Given the learning and start-up problems inherent in implementing a complete 
system, any inefficiencies associated with a phased implementation are deemed jus-
tified. 

The most critical element in successful implementation will be coordinating equipped 
bus assignments with current dispatching operations. The cooperation of dispatchers, 
bus hostlers, and drivers is essential. Modifications to current dispatching and hosteling 
practices may be required. 

Conclusions and Suggested Research 

This research shows that hardware standardization is technically feasible and can 
produce significant benefits. It also indicates that substantial benefits can be obtained 
for standardized software and the application of dedicated computer facilities. Ulti-
mately greater reductions in the overall cost of automated data collection may be 
achieved through software improvements and changes in data processing functions 
than through hardware improvements (cost and otherwise). 

Efforts to standardize equipment and improve data analysis functions should proceed 
simultaneously. Software development efforts should be directed at small and medium-
sized transit systems because these systems are most affected by the cost of software, 
and the potential benefit of reduced costs appears to offer the best opportunity for 
improving the economics of automated systems at these sites. 
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CHAPTER ONE 

INTRODUCTION 

PROBLEM STATEMENT 

During the past decade several North American transit agen-
cies have implemented automated data collection systems to 
gather the passenger and schedule adherence statistics necessary 
for effective operations management. While the data collection 
systems in use today are experimental in nature, operator ex-
periences have shown that on-boad automatic data collection 
systems have significant potential. They can meet transit man-
agement information needs, improve data accuracy and avail-
ability, and reduce data collection costs. 

Many transit agencies in the United States are looking for 
cost-effective means to collect data, but automated data collec-
tion systems have not been used extensively. Transit agencies 
have been reluctant to make a commitment to automated data 
collection technology for several reasons: 

The basic building blocks for automated data collection 
systems are available, but purchasers face a confusing array of 
options with varying costs and disparate capabilities that often 
are incompatible with one another. 

The type and amount of hardware and software necessary 
to provide different levels of management information are not 
well understood. 

Many of the benefits are intangible or difficult to quantify 
and it is difficult to determine the net benefit or cost of auto-
mated data collection systems. 

Equipment reliability and accuracy improvements have 
been hindered by the lack of standardized functional require-
ments. 

Each transit agency pursuing an automated data collection 
system has developed its own specifications. As a result, each 
data collection system has unique technical features, data for-
mats, or recording requirements for performing essentially the 
same functions. The number of passenger counter system designs 
nearly equals the number of systems implemented. The systems 
currently in use lack one or more of the elements necessary for 
a comprehensive data collection system. In fact, no transit 
agency has yet incorporated both a fare and revenue data col-
lection component and a passenger counting component into its 
system. However, efforts to develop an integrated fare and pas-
senger counting system are under way at Metropolitan Atlanta 
Rapid Transit Authority and Kalamazoo Metro Transit System. 

RESEARCH OBJECTIVES 

The general objectives of this research are to develop modular 
requirements for an automated, on-board passenger/fare infor-
mation collection system and develop a set of practical guidelines  

that transit agency managers could follow in selecting and im-
plementing the system. An ancillary objective of the project is 
to stimulate the implementation of automated data collection 
systems by providing a single-source and easy-to-use guide for 
selecting and implementing automated data collection systems. 

RESEARCH APPROACH 

The research to meet these objectives comprised three major 
activities: 

Determining modular requirements of on-board automatic 
data collection systems. A review of transit agency data needs 
and the state of the art of automated data collection technology 
was completed using various information sources, including pub-
lished technical reports and manufacturer specifications. Based 
on this review, the modular hardware requirements to provide 
information for various levels of decision-making were deter-
mined. Draft functional specifications were developed and re-
viewed by transit agency experts and equipment suppliers. 
Technical specifications were also prepared. An ancillary effort 
defined a modular approach to software requirements. 

Developing implementation guidelines. This research activ-
ity included a review of current practices and potential new 
approaches for selecting hardware modules, determining soft-
ware needs, determining the amount of equipment required, and 
estimating the costs and benefits of automated data collection 
systems. A draft implementation manual outlining step-by-step 
procedures for undertaking these functions was prepared. 
Transit agencies in Seattle and Norfolk tested the validity and 
usability of the procedures. The manual was revised based on 
the results of the site validations. 

Identifying deployment/application constraints. Institu-
tional barriers to successful implementation of automated data 
collection systems were identified and possible ways to overcome 
the problems were documented. An electronic spreadsheet was 
used to investigate the cost sensitivity of unit cost assumptions, 
key transit agency characteristics, and data collection system 
configurations. 

SCOPE OF RESEARCH 

Much of the information resulting from this research is pre-
sented in the framework of the modular, on-board automatic 
data collection system defined during the research effort. How-
ever, transit agencies need not adopt a modular design in order 
to apply the results. The functional capabilities of the modular 
system are similar to those of existing hardware. The modular 
approach is a new concept in assembling available hardware 
rather than a new hardware development. 



This research project does not explicitly address data collec-
tion for real-time vehicle dispatching, revenue and fiscal audit-
ing, and special user analysis. Those applications would require 
customized management information systems to meet site-
specific needs. The data needed for the applications could, how-
ever, be provided by an appropriately configured automated 
data collection system. 

The implementation manual and technical specifications de-
veloped in this research are intended to assist transit agencies 
in evaluating the feasibility of automated data collection systems 
and to encourage development of an industry standard for these 
systems. The procedures and specifications do not represent 
policies of the Urban Mass Transportation Administration. 

SUMMARY OF PROJECT DOCUMENTATION 

The body of this report provides an overview of the proposed 
modular data collection system, the benefits and costs of au-
tomated data collection, and the implementation issues associ-
ated with the installation of these systems. Key findings of the 
research are described in Chapter Two. Major issues related to 
the application of automated technology are described in Chap-
ter Three. Chapter Four contains conclusions and suggests fu-
ture research. 

Appendix I contains an implementation manual designed to 
assist transit agency personnel in the design, selection, and im- 

plementation of an on-board, automatic passenger/fare data 
collection system. It includes an overview of the activities nec-
essary to assess the potential application of automated data 
collection at a bus transit agency. Worksheets provide a step-
by-step guide for the following major activities: 

Establishing transit agency goals and objectives for auto-
mated systems. 

Selecting system hardware components. 
Determining software requirements. 
Estimating the amount of equipment required. 
Estimating the costs of the system. 
Determining the net benefits of the system. 
Assessing institutional barriers. 

Practical implementation procedures are discussed in the con-
cluding chapter of Appendix I. The appendix also contains a 
tutorial on the functional requirements of individual components 
and typical system configurations as background information 
for transit personnel not familiar with the technology. 

Appendix II provides technical information regarding the 
hardware for on-board, automatic data collection systems. The 
functional requirements for a modular system are described. 
Detailed technical specifications for each module are presented 
to assist in the procurement process. Data format and storage 
requirements associated with the system are also presented. 

CHAPTER TWO 

FINDINGS 

This chapter reviews the current status of automated data 
collection system applications in the United States, Canada, and 
Europe, and discusses the general benefits of automated methods 
of data collection. The modular system developed as part of the 
research effort is defined, and the cost, benefits, and limitations 
of this approach are presented. 

STATE OF THE ART 

Despite reliability and delivery problems encountered with 
early installations, transit agencies and manufacturers continue 
to show interest in on-board automatic data collection systems. 
The state-of-the-art review in this research found the industry 
to be healthier than is generally perceived. 

Current Installations 

successfully implemented on-board automated data collection 
systems (1). A brief description of these installations is provided 
in Table 1. At least five new U.S. systems are being considered—
in Jacksonville, Denver, Tucson, Atlanta, and Chicago. Pas-
senger counting technology has also been implemented in con-
junction with comprehensive automatic vehicle monitoring 
systems at several other transit agencies—in Cincinnati and Los 
Angeles (inactive); in Windsor, Ontario, and Toronto (active); 
and in Hull, Quebec, and Rochester, New York (being installed). 

The systems are not limited to North America. Several major 
European cities have installed stand-alone passenger counting 
systems or incorporated the technology into automated vehicle 
monitoring systems. Appendix I provides a compendium of 
installation sites and of the equipment installed at these sites. 

Equipment Suppliers 

During the 1970's many firms entered the market for auto-
mated data collection equipment. Some companies, unable to In recent years eight North American transit agencies have 



6 

Table 1. North American automated data collection systems. 

Transit Agency and 
Implementation Date 

Number 
of Units Sensors 

Storage and 
Transmission 

Identification 
Data Agency Contact 

CaIary Transit 5 Counters Photoelectric Solid-State No bus stop Keith West 

Alhccta. 	Canuila (DemonSLLd- Beam tp Portable referencing 403-268-1625 

19112 tlrni) Unit 

6 Counters Photoelectric Magnetic Match distance and Bruce Bowlee 

Columbus, 08 8 Signposts Beam Tape Casiette signpost files 614-275-5800 

19112 

Kalawazoo Metro 	- 20 Counters Photoelectric Magnetic Tape Hatch distance and Charles Richards 

'r.snelt System 30 SIgnposts Beam Cassette signpost files 517-322-1090 

Kalawa.ou, HI 
1982 

NEC 44 Counters Photoelectric None Drivers manually Ray Neetzel 
Hlnneai'olis/St. 	Paul Beam record counts from 612-221-0930 
1979 'display 

OCT ranupo 65 Counters Photoelectric Solid-State Schedule files Joel Koffman 

Ott4wa, Ontario Beam to Portable Unit matched with counts 613-741-6440 
1970 

Quebec City 13 Counters Photoelectric Solid-State to No stop referencing Pierrie Bouvier 
QueI.ec  City, 	Quebec Beam Portable Unit 418627-2351 
1980-1982 

Seattle Metro 56 Counters Switch Hat Solid-State to Hatch distance and Thomas Friedman 
Seattle, 	WA 250 Sigiipc.srs Portable Unit signpost files 206-223-4705 
19711-1983 50 New Coun- 

ters to be 
Purchased 

TitI-H1 50 Counters Photoelectric Solid-State to Hatch distance and Douglas Allen 
Pnitla,id, 	Oregon Beam Infrared Buffer signpost 	file; 503-238-5831 
1983 backtagging of time 

from receiver clock 

Reference: 	An Aeeesment of Automatic l'assenger Counters, Hultisystema, Inc., 001-1-82-43, September 1982. 

develop an adequate market for their product despite extensive 
research and development, are no longer supplying equip-
ment (2). Firms that have withdrawn from the North American 
market include General Motors, AB Almex, Dyniman, and 
Prodata. 

Numerous domestic and foreign firms still supply equipment 
that can be used for automated data collection in transit ap-
plications. The available products fall into one of four groups: 

Complete passenger counter systems. 
Automated vehicle monitoring systems. 
Electronic fareboxes. 
Self-service fare equipment. 

These remaining firms have focused their efforts on technol-
ogy improvements. Counter accuracy and reliability have been 
improved with new sensor designs. New technology options have 
been introduced, such as bubble memory for data storage 'and 
infrared data retrieval. Fare collection equipment improvements 
based on microprocessor technology have been introduced by 
U.S. and European firms. 

In addition to technology improvements, many firms have 
begun to adopt a modular approach in their own designs. These 
firms offer a menu of data collection subsystems that can be  

integrated into an individually tailored on-board system. Other 
firms offer technology options for various components. 

A list of current equipment suppliers is provided in Table 2. 
More detailed information on product characteristics is con-
tained in Appendix I. 

BENEFITS OF AUTOMATED DATA COLLECTION 

Significant management benefits can result from introducing 
an automated data collection system—either the modular sys-
tem proposed here or a commercially available system. The 
major benefits of automated data collection are described in the 
following sections. 

Improved Data Turnaround 

Data from an automated system will generally be available 
sooner than the data from a manual data collection system and 
as a result transit decision-making can be more timely. Data 
collected from an automated system are available for immediate 
processing, while data collected manually (e.g., traffic checker 
forms) frequently require considerable preprocessing (keypunch-
ing or optical character scanning) that can delay processing by 



Table 2. Automated data collection equipment suppliers. 

Automated Passenger Counting Systems 	 Key Product Features 

Dynamic Controls Corporation 	 Switch mat sensors, signpost interface, solid 
South Windsor, Connecticut 	 state memory, umbilical data transfer. 

Etrometa Bv* 	 Inductive loop mat sensors, signpost interface 
Gorredilk, The Netherlands 	 buble memory. 

London Mat Industries 	 Switch mat sensors. 
London, Ontario 

Pacena5 	 Switch mat sensors, signpost interface, solid 
Burnaby, British Columbia 	 state memory, portable disk unit. 

Red Pine Instruments, Ltd. 	 Infrared beam sensors, solid state memory, 
Denbigh, Ontario 	 portable disk or infrared data transfer. 

Urban Transportation Associates 	 Leases equipment and provides processing 
Cincinnati, Ohio 	 and analysis support. 

AVM Eauioment and Sianoosts 

AVM Systems, Inc. 	 Switch mat sensors, signpost transmitters, 
Fort Worth, Texas 	 radio data transmission. 

General Railway Signal 	 Switch mat sensors, wayside transponders with 
Rochester, New York 	 on-board interrogators, real time radio 

communIcations. 

Electronic Farebox Systems 

General Farebox, Inc. 	 Electronic registering farebox, solid state 
Chicago, Illinois 	 memory, inirared data transmission. 

Cubic Western 	 Electronic registering fareoox v/electronic 
San Diego, California 	 pass reader. 

Self-Service Comoonents 

A.B AJ.mex* Ticket Issuing and Cancelling Equipment, 
Stockholm, Sweden cassette storage. 

Associated Electronics5  Ticket Issuing and Cancelling Equipment, 
Morley, Western Australia Drop Type Farebox. solid state memory, portable 

or radio data retrieval. 

Control Systems, Ltd. Ticket Issuing and Cancelling Equipment, solid 
Middlesex, England state memory, umbilical or radio data retrieval 

Micro System Design, Ltd.5  Ticket issuing and cancelling equipment, pass 
Dorset, England readers, solid state memory, or radio data 

retrieval. 

Ticket Equipment, Ltd.5  Ticket issuing and cancelling equipment, solid 
Cirencester, England state memory. 

7 

5No operational U.S. systems. 



the host computer. For example, data are typically available 
from Seattle's automated system within one week from the date 
of collection from the on-board system. In contrast, delays up 
to one year have been reported in the manual system in Los 
Angeles (1, p.  38). 

Lower Data Collection Costs 

Given a comparable data collection effort, the annual cost of 
an automated system will generally be less than that for a manual 
system. Figure 1 compares the annual cost of a representative 
automatic data collection system (consisting of a passenger 
counter and employing on the average two signposts per route) 
with the annual costs associated with a manual system. Previous 
research concluded that on a strict economic basis, automated 
systems may not be cost effective for small transit agencies with 
less than 100 peak hour vehicles (I, p.  53). The costs shown in 
Figure 1 show that the annual cost of an automated system for 
the small transit agency would be comparable to the total cost 
for an equivalent manually supported information system. How-
ever, small systems frequently require little or no information 
processing to make limited use of the data. The fact that the 
automated cost significantly exceeds the wages of manual check-
ers at agencies with fewer than 100 peak buses makes it difficult 
to justify an automated system on strict economic terms in these 
size systems; other factors must enter into the decision process 
to justify automation. Appendix I provides additional infor-
mation on cost sensitivity analysis and evaluation of other factors 
such as operating efficiency improvements. At larger transit 
agencies, the total annual cost of the automated system ap-
proximates the cost of checker salaries alone and can be sig-
nificantly lower than the total costs of manual data collection. 

Better Quality Data 

Tests have shown that the accuracy of data obtained from a 
well-designed automated system is comparable to the data ac-
curacy obtained from manual counts (3). Compared to on-board 
ridership counts taken manually, many automated systems have 
equaled or bettered the accuracies obtained in the manual proc-
ess. Compared to manual street-side checkers, on-board auto-
mated systems perform considerably better. Manual checkers 
face a number of problems in estimating ridership accurately. 
These include overcrowding conditions, uneven distribution of 
passengers on the bus (e.g., standees at the front and empty 
seats at the back), and increasing number of buses with smoked 
windows that make it difficult for checkers to obtain accurate 
counts. Automated systems, on the other hand, while not com-
pletely accurate, have a good probability of producing very 
accurate results—especially where special algorithms are used 
to screen and correct the data. 

THE MODULAR APPROACH TO AUTOMATED 
DATA COLLECTION 

A significant part of the research effort was directed at de-
fining and developing the specifications for a modular data 
collection system. The modular system is intended to standard-
ize various functional units within the overall system so that 
each unit (or module) is fully compatible with other units re-
gardless of the manufacturer. Rather than forcing the redesign 
of the data collection system for each custom application, the 
modular system would permit each transit agency to tailor its 
system to its individual information needs by selectively choos-
ing from a range of standardized modules. 

The modular approach was adopted to ease development and 
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implementation requirements for both the operator and supplier. 
The primary goal of the modularity is to permit transit agencies 
to select the type of information and the levels of capability 
(and cost) suitable to their needs. In that it encourages system 
suppliers to develop standard products, transit agencies would 
be able to modify their system as technology improves or data 
needs change. It is also possible that a modular approach would 
foster improved equipment by allowing manufacturers to con-
centrate on developing, improving, and producing specific mod-
ules and/or systems. Ultimately, the module system might 
permit the transit agency to select specific modules from various 
suppliers rather than to rely on one manufacturer to develop a 
total system. This degree of standardization is viewed as a long-
term secondary goal. 

PROSPECTS FOR ACHIEVING A MODULAR 
SYSTEM 

The research effort examined the feasibility of developing 
uniform modular requirements based on the experiences of those 
transit properties which have implemented automated data col-
lection systems, and the penetration of microprocessor tech-
nology in the transit industry. 

Current applications of automated data collection systems 
have shown that management information data requirements of 
individual transit operators are similar. Most differences in the 
data collection systems developed to date are based on individual 
preferences in format, sequence, or types of records produced. 
Successful testing and operation of these systems have reduced 
early skepticism about the ability of microprocessors and so-
phisticated electronic equipment to function reliably in a hostile 
transit environment. 

The low cost and increased computing power of micro-
processors and the penetration of automated data collection 
devices into the transit industry have provided the fundamental 
building blocks for the modular system. Microprocessor-based 
technology allows for modular design in which individual data 
collection units can be integrated with standardized input/out-
put devices and interfaces. Microprocessors can be easily re-
programmed to include customized algorithms, allowing a 
uniform approach to automated data collection system devel-
opment that still has sufficient flexibility to accommodate most 
transit data collection schemes. 

Microprocessor technology alone is not sufficient to support 
the overall objectives of a modular system. Most automated data 
collection systems on the current market are microprocessor-
based and therefore allow some customization to take place by 
simple reprogramming. However, the systems continue to lack 
flexibility. It is difficult to tailor them to fit new applications 
or to accept new or different data collection devices. Often, the 
present systems do not provide for expanded functions, or if 
they do, the systems incorporate nonstandard interfaces and 
proprietary programs that make it difficult for any modifications 
to be made except by the original manufacturer. 

A successful modular system must conform to recognized and 
widely supported standards in a number of key areas. Electrical 
and mechanical interfaces between modules must be specified 
to the extent that modules manufactured by different suppliers 
will be compatible. Similarly, individual module and system 
packaging should be such that individual suppliers have a certain 
amount of flexibility in their own designs while conforming to 
a general but standard package concept. 

The research examined several alternative approaches to pro-
viding the uniform interfaces, connections, and packaging re-
quired by the modular system. Approaches based on the use of 
standard computer buses (bus refers to standardized links be-
tween computer cards or communication devices; a computer 
bus is a set of address, data, control and power lines arranged 
in a standardized manner and operating under a strict set of 
data communication rules) and conventional card cages were 
compared to approaches that relied on standard communica-
tions buses and relatively relaxed packaging concepts (4. 5). 
Both were deemed practical since both provided the standards 
to which a modular system could be constructed while main-
taining the flexibility to change, expand, and adapt the system 
to a variety of applications. 

A computer bus approach was adopted over the more sim-
plified communications bus approach primarily because com-
puter bus standards are well established, are widely recognized, 
and are supported by a variety of suppliers. Chapter Four dis-
cusses the longer term prospects for developing and promoting 
a modular automatic data collection system based on emerging 
communications bus standards. 

DEFINITION OF MODULAR DATA COLLECTION 
SYSTEM 

The following section defines the modular system in general 
terms. Appendix II contains the technical specifications for the 
proposed system. Figure 2 shows the overall structure of the 
proposed modular system with its 13 modules, and Table 3 
relates the modules to the functional units on which each module 
is based. The modules provide the electronic means to gather 
passenger, fare, and schedule data and the information required 
to define data records and identify them by time and location. 

The nucleus of the proposed modular on-board, automatic 
data collection system is a microprocessor-based unit called a 

Fare Category Coanter Sensors 
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13. ENTEP.NAL DATA RECTIVER 
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Figure 2. Structure of the modular system. 
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Table 3. Description of automatic data collection system modules. 

MODULE DESIGNATION 	 FUNCTIONAL DESCRIPTION 

System Controller 	 Microprocessor located on the 
vehicle that accepts, monitors, and 
controls the data collection and 
data transfer functions of all 
other modules. In addition, it 
includes a clock and calendar with 
back-up battery. Also accepts data 
from odometer and driver door 
control switches. 

Passenger Counter 	 Sensors that detect the number of 
passengers boarding and alighting 
at each bus stop. 

Fare Category Counter 	Fare collection equipment that 
detects the number of passengers 
per fare category. Maintains 
cumulative value of revenue 
received. 

Memory 
	

Stores data on the vehicle. At 
least 64K of non-volatile memory is 
provided. 

Memory Expansion 	 Provides additional memory where 
needed. 

Signpost 	 Signpost transmitter installed 
along routes transmits an encoded 
identification number to an antenna 
mounted on the bus roof. 

Manual Input 	 Console for driver to enter data 
reference information such as bus 
number, farebox number, farezone 
identification, etc. 

Door Status Sensors 	 a4ditiomal door switches that can 
be used to detect and count the 
number of passengers boarding and 
alighting at each door. 

Status Display 	 Portable data transfer equipment 
toat allows transit personnel to 
monitor counter accuracy and 
perform other system diagnostic 
checks. 

Data Transmission 	 On-board data communications device 
for transferring data from memory 
to the external data receiver. 

Expansion Madule 	 Provides the capability to add 
other data collection functions. 
For example, the destination sign 
could be used to automate 
route/trip information. 

Power Supply 	 Converts, condItions, and filters 
primary bus voltage to provide 
power to the data collection system. 

External Data Aeceiver 	Data retrieval unit used to receIve 
data from the vehicle and send it 
to tue computer for processing. 

5Solid state memory is preferred mettuoci or data storage; utowever, 
this module may be changed to contain the electronics for an 
alternative data storage medium (e.g. cassette tape) or may be 
deleted entirely in specialized real-time applications. 

system controller. The system controller and all circuitry to 
interface with other modules are contained in a single enclosure 
located on the vehicle. 

Each module consists of appropriate sensing devices, elec-
tronic circuits to record data from the sensors, and necessary 
cabling connections. The design philosophy of the modular sys-
tem requires each module located on the vehicle to contain an 
independent plug-in component that is inserted into the system 
controller. 

Few restrictions are imposed on the design, operation, or 
characteristics of individual modules—other than that they in-
terface (electrically and mechanically) with the system controller 
in a specified manner and communicate specified data. Providing  

these conditions are met, a transit agency may choose to im-
plement any functional variation of the module it desires. For 
example, it may choose between photoelectric, switch-mat pas-
senger counting, or any other sensor design or logic configu-
ration so long as the data presented to the system are in the 
form of an electrical signal representing the number of passen-
gers boarding and the number of passengers alighting. Similarly, 
no particular device or technology is dictated for data storage 
or data retrieval. Solid-state memory or magnetic tape cassettes 
may be used, and data retrieval may be by physical or electronic 
means. Table 4 presents the numerous options that may be 
chosen, depending on particular site circumstances. 

Essential Modules 

Certain modules are required for all data collection systems 
to provide the information storage, control, and retrieval func-
tions. These modules are: 

System controller—Required to interface and provide con-
trol of all other on-board modules. 

Memory—Required to store the data on-board the vehicle. 
This module might be eliminated in a real-time data collection 
system, but in most instances some memory would be required. 

Data transmission—Required to transfer data from the 
vehicle to the external retrieval unit. 

External receiver—Required to retrieve the data. 
Power supply—Required to convert, condition, and filter 

primary bus voltage to the data collection system. 
Data gathering module—At least one of the primary data 

collection modules (e.g., passenger counter, fare category 
counter) is needed to provide the data that are the focus of the 
system. 

The general consensus of this research project has been that 
even the most elementary system should incorporate information 
pertaining to mileage, date and time-of-day, and door openings 
and closings. For this reason, the system controller module has 
been specified to accommodate directly the traditional ap-
proaches adopted to provide these particular data elements (see 
App. II). A calendar/clock resides within the system controller 
and the controller accepts two external input signals directly: 
one from a standard odometer, and one from the driver door 
control to represent a door open/closed state. Separate addi-
tional modules are required to implement unique functions that 
deviate from these conventional practices—for example, to 
monitor door open/closed states for individual entrances and 
exits. 

User Selected Modules 

Other modules are selected to provide the data to meet par-
ticular management information needs. Example configurations 
for the on-board automatic data collection system are shown at 
the top of Table 5. The management information data provided 
by each configuration is shown in the lower portion of the table. 

These configurations range from a basic system designed 
solely to obtain system-level ridership data to a comprehensive 
passenger and fare revenue data collection system containing 



Table 4. Technology or implementation options. 

Nodule O,tions 	 Potential Advantage 

Passenger Counter 
Switch Mat Sensors 	 liigi counting accuracy 
Inductive Loop Mat Sensors 	 Isproved reliability 
Photoelectric Bean 	 - 	- 	Lower cost 

Fare Category Counter 
Standard & Electronic Farebox 	 On-board fare payment and fare categories 

Expanded & Multiple fare media 
devices 

Manual Input 
Minimum configuration 
Expanded configeration 

Memory 
Sol±d State 

Cassette 

Data Transmission and Retrieval 
Umbilical/Direct contact data 
extraction to intermediate 
storage media. 

Umbilical/direct contact 
extraction to host processor 

Mon-contacting data extraction: 
RI transmitters, infrared, etc. 

Real-time data transfer  

provided. 
On-board and off-vehicle fare payment and 
fare categories provided. 

Minimum operator involvement 
Detailed identIfication data generated 

Reduced data loss from human error, 
mishandling, damage 

Data storage capacity reduces frequency of 
data transfer functions 

Low cost 

Eliminates problems with intermediate data 
handling 

Eliminates labor from data transfer 

Real-time schedule changes can be macic 

Table 5. Combining modules to col-
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100 Peak Buses 
	

400 Peak Buses 
	

1000 Peak Buses 
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B - Antiun I izetl Software Capital Costs 

Figure 3. Relative contribution of individual cost elements to the total annual cost of automated 
data collection systems. 

extensive manual input data. These configurations do not rep-
resent all possible combinations. They reflect common appli-
cations of the technology and illustrate how modifications would 
affect the data collected. 

TYPICAL AUTOMATED DATA COLLECTION 
SYSTEM COSTS 

From a practical standpoint, the cost of implementing an 
automated data collection system consists of two major com-
ponents: (1) data gathering costs, including the capital cost for 
hardware procurement, and installation and annual equipment 
maintenance costs; and (2) data analysis costs, including soft-
ware development, computer and data processing costs, and 
personnel costs. Figure 3 illustrates the relative contributions 
each of these several elements represent within a representative 
data collection system (excluding the revenue data collection 
element) for small, medium, and large transit agencies. The chart 
shows that even in an automated system, labor costs represent 
a substantial portion of the total annual costs for all transit 
agency fleet sizes. Annualized costs associated with the capital 
investment in data collection equipment, both on-board and 
wayside equipment, is the second largest expense. However, both 
maintenance and data processing costs follow closely the cost 
of data collection equipment in contributing to the overall cost 
of an automated system. Software development costs represent 
a significant share of total cost for the small system and decline 
to a small proportion of total costs for large systems. 

Data Gathering Costs 

Table 6 presents the unit costs for typical hardware compo-
nents of the data gathering portion of the data collection system. 
The table also lists commonly applied and accepted factors for 
accounting for associated costs such as installation and main-
tenance. These values were based on data provided by equipment  

manufacturers and data from electronic trade publications. They 
represent the higher end of the range experienced for current 
data collection system components because it is expected that 
at least in the short term the separation of the system into 
modules and the special packaging required would result in 
prices at this end of the spectrum. 

Figure 4 summarizes the capital investment associated with 
the data gathering equipment in a typical passenger counting 
system. Costs shown are for a mat-based passenger counting 
system incorporating a standard odometer, solid-state memory, 
and an average of two signposts per route. 

Smaller transit agencies incur a greater incremental cost on 
a per unit basis than larger agencies. As indicated in Figure 4, 
the difference may be as much as 50 percent. The cost of all 
data gathering hardware exclusive of the signpost transmitters 
is slightly above $10,000 per equipped bus for the 25 peak bus 
system and declines to just over $7,000 for the large 1,000 bus 
system. The larger incremental cost for a small transit agency 
comes from the fact that it will generally have to buy supporting 
equipment such as data retrieval units which would not be used 
to their designed capacity. 

Wayside signposts add approximately $3,000 to the per unit 
cost for the very small system but less than $1,000 per unit to 
the very large system. The costs associated with signposts are 
determined by the number of routes and not on the number of 
vehicles in the fleet. Typically, the number of routes operated 
by a transit system does not increase in proportion to fleet size. 

Data Analysis Costs 

Data analysis costs, which include the cost of software de-
velopment, computer processing, and personnel costs, represent 
substantial portions of the total cost of automated systems as 
depicted previously in Figure 3. 

Table 7 summarizes representative costs associated with the 
functions required to transform the raw data collected into useful 
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Table 6. Unit costs for data gathering functions (1983 dollars). 	 Table 7. Unit costs for data analysis functions (1983 dollars). 

COST COMPONENT 	 UNIT COST a COST COMPONFJT 	 UNIT COST 

Data Processing Equipment 

Mainframe Computer System 
Capital Cost 0 
Maintenance Cost 0 

$500 - 
Dedicated Computer System 

Capital Cost (including peripherials): 
Advanced Microcomputer $10,000 
Low-Range Minicomputer 30,000 
Mid-Range Minicomputer 

Annual Maintenance 
50,000 

12 percent of purchsse 
price 

$500 

$1200 - $1500 
Software and File Development 

$120 
Capital lnvectoent to Develop Software 

System without Signpost 
$300 Referencing $123,000 
- 	1000e System with Signpost 

Referencing $ 78,000 

$100 
File Construction 

Agency with i're-Ezisting, 
$400 Automated Schedule $50 per peak vehicle 

File Construction including 
Automated Schedule Files 
$150 per peak vehicle 

$300 

$400 Data Processing (Annual) 

$500 Computer Charges 

$100 
System without Signpost 

Referencing $0.004 per input record* 
$1000 System with Signpost 

Referencing $0. 0036 per input record 

$50 Printed/Plotted Output 

$125 Printed Output ($0001 per 
printedline) $2.00 per equipped bus 

$2000 Plotted Output ($4.00 per 
graph generated) $48.00 per route 

Hardware 

Passenger Counter Sensors 

Photoelectric 

Switch Mats 

Passenger Counter Electronics 

Fare Category Counter 

Electronic Farebox 

Farebox Upgrade 

Pass Reader 

Ticket Validator 

Odpaeter 

Signpost 

Wayside Transmitter 

On-Board Receiver & Antenna 

Manual Input Console 

Minimum Version 

Expanded Version 

System Controller 

System Memory 

Cassette 

Base Solid-State (to 32.11) 

Expanded Solid State (to 64.1) 

External Control 

Status Display Device 

Data Transmission 

Off-Line (Physical Con.) 

Off-Line (Infrared Transc.) 

Real-Time (Radio) 

External Receiver 

Uirect Cassette Transfer 

Inter,n. Storage (Cassette/ 

Disk) 

C. Infrared Base Unit 

d. Base Radio Station 

Implementation 

Contingency5  

Shipping and Acceptance5  

General and Administrative8  

lastallationg  

Spare Parts 0 
 

Hardware Maintenance 

Data Collection Equipnent 

Farebox Maintenance 

$2000 

$6000 

$3900 

$20,000 - 40,000 

10% 

10% 

20% 

10% 

152 

1 methanic/110 fareboxes 

Personnel Costs 

System Administration, Coordination and 
Support 	 0.50 person years (transit 

analyst, programmer, or 
equivalent wage category) 

plus one full-time equivalent 
per 300 peak-period buses in 
fleet 

Management and Supervision 	
25percent of labor costs 
associated with adminis-
tration, coordination and 
support. 

5Baaed on 200,000 records generated per bus per year, annual cost 
associated with data processing are $800 and $720 per equipped bus 
per year. 

(a)Prices include cabling and mounting brackets or hardware where 
required. 

(b)Un.it prices for passenger counter sensors are quoted per 
passenger stream. Costs assume two sensors per passenger 
stream. Quantity value must be expressed in terms of the total 
number of doors on which sensors must be installed. For 
standard size bus, the number of sensors would be 2 x the 
number of buses. Double wide doors with two passenger streams 
should be counted as two doors. 

(c)Price quoted for passenger counter electronics is for the 
separate logic board required in the modular system. 

(d)Price quoted is for a new electronic registering farebox. 
Hon-registering electronic fareboxes can be upgraded at a cost 
of 000-1,000 per unit. 

(e)Price quoted includes antenna on vehicle as well as the on-board 
receiver required for the modular system. 

(f)Price quoted for system controller does not include interface 
electronics for other modules or memory. These items are 
priced separately in the modular system. 

(g)Ten percent of total hardware costs. 
(h)Spare parts requirements are minimized since the sizing 

procedures take into account equipment reliability. 
(i)Excluding electronic farebox, 

management information. Data analysis costs, particularly the 
costs of software development and data processing, reflect many 
site-specific conditions that make estimates difficult. Chapter 
Three discusses the sensitivity of annual cost changes to changes 
in data analysis costs in more detail. Appendix I contains the 
procedures and information that can be used to estimate these 
costs for a particular data collection system. 

Computer hardware costs are general estimates based on typ-
ical costs of such equipment. Software development costs are 
based on software cost analyses undertaken by MITRE using 
the Constructive Cost Model (COCOMO) developed by Boehm 
in Software Engineering Economics, Prentice-Hall, Inc., 1981. 
The default values are based on rough estimates of the number 
of lines of code required and assumes that the report generator 
would be an off-the-shelf software package. 
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Data processing costs and personnel costs are the result of 
informed judgments based on the processing costs associated 
with large-scale data base management programs and the staff-
ing required to support management information systems of 
similar magnitude. The estimates provided for these two cost 
elements are viewed as conservative values. 

Figure 5 compares the annualized cost of the data gathering 
equipment, including the cost of equipment maintenance, to the 
annual cost of data analysis for the typical passenger counting  

system previously described. In all systems, the cost of data 
analysis is substantial. However, the annualized cost of data 
analysis, on a per unit basis, decreases rapidly as transit agency 
size increases. This is partly because the basic software to as-
semble, edit, analyze, and report the data is independent of the 
size of the data collection system. The development cost to small 
transit agencies will generally be equal to the cost borne by a 
large agency. Certain economies of scale in data processing and 
staffing costs are also realized by the larger systems. 
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ALTERNATIVE DATA COLLECTION SYSTEM 
COSTS 

The system illustrated above incorporated modest amounts 
for signposts (average of two per route), assumed the availability 
of an appropriate mainframe computer to perform the analyses, 
and supposed that each agency had to undertake substantial 
software development efforts. Several alternative configurations 
based on different assumptions were examined to assess the 
relative costs and potential merits of such modified systems, 
including: 

The installation of additional signposts at all timepoints 
to identify vehicle location more accurately. 

The elimination of signposts; in other words, the reliance 
on distance data for vehicle stop location information. 

The potential cost advantage of performing data analyses 
and information processing using an advanced microcomputer 
or midrange minicomputer instead of a mainframe. 

The potential benefit of standardized software. 
The incorporation of fare/revenue counting functions via 

an electronic registering farebox. 

The research compared each of these alternatives to the an-
nualized cost of the baseline system. 

Signposts at Timepoints 

Figure 6 compares the cost of the standard system to a system  

that incorporates signposts at timepoints in addition to route 
terminal points for a 400-peak vehicle fleet. Five signposts per 
route are used in this particular system modification. As ex-
pected, equipment costs increase significantly in this configu-
ration. The advantage of such a system is more precise vehicle 
location. This tracking capability would theoretically reduce 
data collection costs by reducing the number of processing steps 
needed to associate individual data points with particular stop 
locations. It is also possible that it would drastically reduce the 
amount of data that had to be discarded because a location 
match could not be verified. 

The analysis presented in Figure 6 assumed that the additional 
signposts would result in a 10 percent decrease in both data 
processing costs and staffing costs. The results show that even 
with these reductions, annual costs exceed those of the system 
with substantially fewer signposts. The cost-effectiveness of im-
plementing significantly greater numbers of signposts has not 
been tested in actual operation. However, the analysis under-
taken in this research indicates that in addition to decreases in 
data processing staff costs of approximately 10 percent, a sub-
stantial reduction in data losses would have to be realized in 
order to offset the additional equipment and maintenance costs 
associated with installing signposts at all timepoints. It is doubt-
ful that such offsetting benefits can be realized. 

Data Collection Without Signposts 

Figure 6 also compares the overall costs of data collection 
using signposts to that without signposts. The analysis assumed 
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Figure 6. Capital cost and annual cost of signposts (400 peak vehicle transit 
fleet). 
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that the absence of signposts would result in less usable data 
and therefore would require an increase of 10 percent in the 
number of equipped buses. Consequently, data processing costs 
increase by approximately 10 percent (because of greater num-
bers of records being generated) and staff costs also increase by 
a similar amount (because dispatching is more complicated and 
there is greater manual intervention in the data screening proc-
ess). Software is also judged to be more costly in a system 
without signposts. On this basis, the higher equipment costs 
associated with signposts are largely offset by the lower software 
development costs, lower processing costs, marginally lower staff 
costs, and lowered numbers of equipped buses. 

The choice between a system with signposts and one without 
depends largely on the extent dispatching procedures and driver 
involvement can be relied on to identify data according to spe-
cific blocks of work and particular trips within the assignment. 
The consensus of the research is that the signpost-based system 
is preferred because of the inability of most systems to guarantee 
consistent and reliable procedures. For example, in one system, 
approximately 20 to 30 percent of the data had to be discarded 
because of counter inconsistency or the inability to adequately 
correlate bus stop records with specific stops prior to installation 
of signposts. Expert judgment suggests that where signposts are 
installed the proportion of usable data may improve to approx-
imately 90 percent. The cost effectiveness of various quantities 
of signposts is being investigated by Seattle Metro. Results of 
the UMTA-funded study should be available early in 1985. 

Dedicated Computers for Data Processing 

Data processing costs represent a significant percentage of 
the total annual cost for automated systems of all sizes (see Fig. 
3). The research examined the potential for using an advanced 
microcomputer or a midrange minicomputer for information 
processing and found that the processing and data base storage 
requirements for properties with 300 to 400 peak vehicles or 
less are within the capability and capacity of these relatively 
low cost alternatives to mainframe computers and time-share 
systems. On the basis of a purchase price of $50,000 for a 
complete computer system including data storage devices, it was 
found that moderately sized systems (300+ buses) might recover 
the investment in under 2 years, while smaller systems (100+ 
buses) could recover the investment within a 5-year time period. 
Very small systems would have to use less costly computer 
systems such as the latest models of extended personal com-
puters in order to gain a significant cost advantage compared 
to traditional time-share or contract arrangements. Chapter 
Three discusses the sensitivity of annual costs to changes in data 
processing costs in more detail. Appendix I contains the pro-
cedures that would be followed to determine the processing and 
storage requirements associated with a particular data collection 
system and assess the efficacy of the use of such alternative 
computer resources.  

proximately 50 or fewer buses, these expenses exceed any other 
cost, including the capital expense associated with the purchase 
of the equipment. The software development costs estimated in 
this research effort assume that each new system benefits from 
the experience of previous systems, to the extent that models 
for the types of reports and general insights into the data proc-
essing are available. However, directly usable software would 
not be available and each system would have to devote sub-
stantial efforts to developing software compatible with its com-
puter environment. Smaller systems are particularly burdened 
by this expense. 

The research found that the single most significant activity 
to benefit the smaller transit systems would be the development 
of a standard software package that would be available through 
commercial sources at moderate cost. Extremely low cost soft-
ware is not likely, given the limited market, but a software 
package costing even $10,000 would result in approximately a 
17 percent decrease in total annual cost for the agency with 50 
peak buses and an 8 percent decrease for a 200-bus system. 

Fare/Revenue Data Collection 

Adding an electronic registering farebox to collect fare and 
revenue data represents a significant expense. Dallas, for ex-
ample, recently installed 600 fareboxes capable of collecting 
detailed data at a total cost of just over two million dollars or 
approximately 3,400 dollars per farebox (6). Farebox costs, thus, 
roughly approximate the unit cost of the on-board equipment 
associated with an automated passenger counting data collection 
system. 

The cost of adding a fare/revenue element to an on-board 
data collection system is difficult to quantify. The costs illus-
trated in Figure 7 assume that only the incremental cost for 
upgrading electronic fareboxes on buses instrumented with data 
collection equipment (approximately $500 per farebox) is as-
signable to the data collection system. The costs do not account 
for additional costs that may be incurred because the nonport-
ability of fareboxes relative to other data collection devices may 
require more data collecting fareboxes than data collection sys-
tems. Nor do the costs include any portion of the costs associated 
with equipping the entire fleet with compatible (from a passenger 
perspective) electronic but nondata collecting fareboxes. 

Although the incremental costs assumed in Figure 7 may be 
justified purely on terms of the benefits derived from the data, 
this research indicates that the other associated costs cannot be 
supported by the data collection system. Purchase of electronic 
fareboxes must first be justified separately from the issues of 
data collection, that is, on the basis of revenue security, bill 
handling capability, fare evasion reduction, etc. Similarly, the 
"benefits" of additional data-collecting fare/revenue devices 
have to be justified based on the extent to which these additional 
units reduce the problems and costs associated with assigning 
vehicles. 

BUS EQUIPMENT REQUIREMENTS 

Standardized Software 

For small transit systems, the investment, both in software 
to process the data and in creating the supporting files for the 
software, represents a sizable burden. For systems with ap- 

Interviews with and other information provided by transit 
agency experts and equipment manufacturers indicated a wide-
spread belief that transit agencies need to equip approximately 
10 percent of the fleet with the on-board modules to obtain 
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adequate data. The premise is that 10 percent allows for equip-
ment availability and data accuracy constraints for the most 
commonly used sampling strategies. 

A major concern of this research was developing a more 
logical method for determining the number of buses transit 
agencies need to equip with the on-board modules to produce 
the intended result—a useful, valid, and reliable data base. Two 
approaches for estimating equipped bus requirements based on 
alternative sampling strategies were developed for the imple-
mentation manual. Both sizing methodologies generated typical 
equipped fleet size requirements close to 10 percent. The meth-
odologies and results are described briefly in the following 
discussion. More information on selecting and applying 
these methodologies is provided in Chapter Three and in 
Appendix I. 

Typical Equipped Fleet Requirements for 
Systematic Sampling 

Data sampling with automated equipment is most commonly 
accomplished by systematically rotating the equipped buses 
throughout the system during each. driver signup or seasonal 
schedule period. Generally the goal is to obtain 3 to 5 valid 
data points on each vehicle trip or driver assignment during 
each data collection cycle (i.e., sign-up or schedule period). 

A transit system with quarterly service changes will have 
approximately 75 days (exclusive of holidays, etc.) within each 
period to obtain 5 data points throughout the system. In order 
to complete the data survey in the specified period of time, the 
system must collect data at the minimum rate of 6.7 percent 
(5 — 75) of all data per day and must therefore have at least  

6.7 percent of its vehicles equipped to collect data. However, 
this proportion of data (and of the equipped fleet) does not 
account for losses due to missed assignments, vehicle servicing, 
data errors, special studies, etc. A 50 percent margin to account 
for these factors results in the requirement that exactly 10 per-
cent of the fleet be equipped. 

Typical Equipped Fleet Requirements for 
Statistical Sampling 

UMTA-sponsored research is focusing on developing methods 
for designing a comprehensive statistically based data collection 
program that generates precise route-level sampling require-
ments for different time periods during the day (7). Once in-
dividual route sampling requirements are determined, an 
estimate of the number of equipped buses can be made. 

An adaptation of the statistically based sampling strategy that 
could be used to estimate equipped vehicle requirements was 
developed in this research. The sample (and equipment) re-
quirements for the average or typical route are determined and 
systemwide requirements are derived by simply scaling up av-
erage route requirements to cover all routes. The premise in 
this approach is that the resulting equipment requirement will 
be adequate to ensure a statistically valid sample for all routes 
since equipment excesses on some routes will be shifted to make 
up equipment deficiencies on other routes. 

This particular approach to system sizing was applied to a 
typical transit system, where the values assumed were average 
values derived from various sources (10). The results (for the 
typical transit system with average route characteristics) were 
also close to 10 percent. 
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CHAPTER THREE 

INTERPRETATION, APPRAISAL, AND APPLICATION 

This chapter examines the major issues associated with im-
plementing an automated data collection system. 

IMPLEMENTING A DATA COLLECTION SYSTEM 
TODAY 

For now, individual transit agencies must retrace the steps 
of their predecessors, and specify equipment that both meets 
their individual needs and does not exceed the capabilities of 
equipment currently on the market. Two products of this re-
search effort are expected to ease difficulties in the selection 
and implementation process: 

Implementation Manual—An easy-to-use guide to the se-
lection, design, and feasibility analysis activities necessary to 
determine what type of data collection system is appropriate 
and whether it is cost-effective. 

Technical Specification —A detailed technical specification 
that can be used by transit agencies that elect to procure an 
automated data collection system. 

Although much of the information in these reports is pre-
sented in terms of the modular system, transit agencies need 
not adopt the modular design to use it effectively. The modular 
approach permits discussion of technology capabilities, con-
straints, and trade-offs without requiring reference to specific 
suppliers. Where transit managers prefer to consider systems 
available from specific manufacturers, this information will as-
sist in evaluating alternative system capabilities and procuring 
the system in a cost-effective manner. 

IMPLICATIONS FOR INDIVIDUAL TRANSIT 
AGENCIES 

As discussed in the previous chapter, the costs associated with 
the data gathering equipment represent an increasing proportion 
of the total annual costs as fleet size increases. At smaller transit 
systems, total system costs are dominated by nonhardware 
costs—that is, the costs associated with software, data proc-
essing, and personnel. The implications of modifying the baseline 
data collection system are explored for different sizes of transit 
agencies. 

Table 8 illustrates the overall effect on total system costs caused 
by several potential hardware changes to the baseline data col-
lection system. Adding a fare/revenue data collection module 
via the upgrading of an electronic farebox results in increases 
in total annual cost ranging from 2.8 percent for the very small 
transit system to 9.6 percent for the large 1,000 bus system. 
Similarly, adding a radio system on-board the bus increases 
annual costs in the range from 4.3 percent to 14.7 percent. The 
(assumed) $1,500 add-on associated with the radio does not 
produce three times the increase associated with the $500-fare-
box upgrade because the radio is assumed to have lower main-
tenance costs than the electronic farebox. 

Cost savings, such as from the substitution of less expensive 
photoelectric sensors for the switch mats in the passenger 
counter, have similar characteristics and tend to benefit the large 
transit system in greater proportion. Figure 8 summarizes the 
sensitivity of total annual costs to changes in equipment costs 
through several curves. For given fleet sizes, the curves indicate 
the amount that the cost of the data collection equipment would 
have to increase in order to increase annual cost by 5, 10, and 
20 percent. The curves in Figure 8 reveal, for example, that a 
-20 percent increase (or decrease) in equipment costs would 
change annual costs by approximately 10 percent for the largest 
transit system but by only 5 percent for the smallest system. 

Software Development 

Figure 9 shows similar curves for changes in the cost of 
software development. As expected, changes in software devel-
opment costs have the most significant impact on the smaller 
systems because these costs represent a sizable portion of the 
overall cost for such a system. A standardized software package 
that significantly reduced this cost element for the smaller sys-
tem would greatly reduce overall costs. In fact, because the 
benefits of standardized software rapidly decline as system size 
increases, it appears that any effort toward such standard pack-
ages should be directed specifically at transit systems with 200 
to 300 buses or less. These smaller transit systems are also the 
most likely to lack the programming expertise and computer 
resources that are available to many large systems. A standard, 
user-friendly system might encourage their entry into automated 
data collection. 

Additional / Modified Equipment 

At larger systems, data collection equipment costs represent 
a larger share of total system costs. Therefore, any additional 
equipment such as a fare/revenue module to collect fare/rev-
enue data or of a radio to transmit data in real-time will have 
a greater impact on total annual costs for the larger system. 

Processing Costs 

Figure 10 shows the sensitivity of total annual cost to changes 
in data .processing costs. It shows that the larger systems have 
relatively more to gain from a reduction in the computer and 
input/output costs associated with the information processing 
tasks. For large systems, it means that an in-house mainframe 
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Table 8. Annual cost of additonal/modified equipment. 

Percent Change in Total Amman). Coot Compared to Dame Syocea 

I 	Peak-Period I 	Fare/Revenne Modole I 	teal-rime Data I 	Photoelectric 	I 
I 	Fleet Sloe 
I I 

(Foreboa Upgrade) 
I 
I 	(8adlo) I 	Pasoenger Counter I 

I 
I 	25 I 	2.8 I 	4.3 I 	-1.8 

I 	50 I 	3.8 I 	5.8 I 	-2.4 

I 	lot) I 	 5.3 I 	8.1 I 	-3.4 	I 
200 I 	7.0 I 	10.7 -4.4 	I 

300 I 	7.9 I 	12.1 I 	-5.0 	I 

I 	400 I 	8.4 I 	12.9 I 	 -5.3 	I 

I 	500 I 	 8.7 I 	13.4 I 	-5.5 	I 
750 9.4 I 	14.3 I 	 -5.9 	I 

I 	1000 I 	 9.6 
I 

I 	14.7 I 	-b.l 	I 
I 

is likely to produce substantial benefits compared to third-party, 
time-share arrangements. Medium-sized systems (150 to 400 
buses) are likely to benefit most from the application of an 
advanced microcomputer or midrange minicomputer because 
the purchase cost would be rapidly offset by savings in proc-
essing costs. Assuming a capital expense of approximately 
$50,000 for this dedicated computer system, costs would be 
recovered within 2 to 5 years, depending on system size. Small 
systems, on the other hand, appear to have little to gain from 
dedicated computer resources because costs savings would have 
to be large if they were to effect a substantial reduction in overall 
costs. Nevertheless, such dedicated resources might be desirable 
from the standpoint of the control it would provide to the user, 
and could be cost-effective if less costly advanced microcom-
puters were used, particularly if software specifically designed 
for the system were available commercially. 
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Labor Costs 

Figure 11 examines the effects of personnel costs on total 
annual cost. Personnel costs—for management, administration, 
data input, data base maintenance and enhancement, and so 
on—represent the most significant cost of data collection, even 
in an automated system, and regardless of system size. Smaller 
systems are marginally more burdened with such costs than 
larger systems because certain economies of scale are obtainable 
in large systems. At the same time, these costs are perhaps the 
most difficult to reduce. Greater equipment reliability will tend 
to reduce labor costs, such as those associated with dispatching, 
hosteling, scheduling, but would have its greatest effects on labor 
costs associated with equipment maintenance. 

The greatest potential for reducing the particular staff costs 
in Figure 11 appears to be in the software/computer area. If 
standardized software were available, if it resided on an in-house 
microcomputer or minicomputer, and if it incorporated a user- 

friendly data base manager, the labor costs associated with data 
administration, management, and maintenance could be reduced 
significantly. Table 9 summarizes the potential net benefit that 
might result if data processing became more standardized. 
Smaller systems would benefit more substantially from equal 
changes, but the benefits to moderately large agencies are none-
theless significant. 

CRITICAL ISSUES IN THE EVALUATION PROCESS 

Evaluation of the potential cost effectiveness of any automated 
data collection system requires an estimate of equipped bus 
requirements and should involve a comparison with a similar 
manual data collection system and an analysis of the potential 
indirect benefits. Transit agencies have the opportunity to tailor 
the assumptions and data input to reflect transit agency policies, 
system operational characteristics, and other site-specific con- 
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ditions. All of these factors exert a significant influence on the 
outcome of a cost-effectiveness evaluation and merit careful 
attention. The key issues are described as follows. 

Determining Equipped Bus Requirements 

A detailed examination of the major issues and alternative 
approaches for estimating equipped bus requirements was un-
dertaken in this research. The results of this analysis indicate 
that several valid options for estimating the number of equipped 
buses are available. The approach taken by an individual transit 
agency will depend on its sampling strategy and data accuracy 
requirements, cost considerations, implementation strategies, 
and practical aspects of vehicle dispatching. The two options 
provided in the Implementation Manual reflect the most com-
monly used approaches to sampling: systematic sampling and 
statistical sampling. The advantages and disadvantages of each 
are described below. 

Table 9. Potential effect of data processing standardization. 

Percent Coot Reduction Compared to Base System 	I 

I 	Peak-Period 	I Software 	I Data I I 	Total. 	I 
Fleet Sire 	I Development 	I Processing I 	Staff Annual Cost 	I 

I 	50 50 	I 25 I 	10 I 	16.0 

I 	 I I 20 I 	20.4 	I 
I 	 I I 50 I 	10 I 	17.4 

I I 120 I 	21.8 	I 

I 	100 	I SO 	I 25 I 	10 I 	13.0 	I 
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I 	 I 
I 

I 
I 

I 	20 
I 

I 	16.1 
I 	 I 

Systematic Sampling 

Data sampling with automated equipment can be accom-
plished by systematically rotating the equipped buses throughout 
the system during each driver signup or seasonal schedule pe-
riod. Generally the goal is to obtain 3 to 5 data points on each 
vehicle trip or driver assignment during each data collection 
cycle (i.e., sign-up or schedule period). The desired number of 
data points is based on the expert judgment and preference of 
transit agency staff who use the data. To estimate equipped fleet 
requirements, transit agencies must determine how many peak 
hour vehicles are needed each day to accomplish the sampling. 

From a practical viewpoint, this approach is relatively simple 
to implement because it is compatible with typical servicing and 
dispatching procedures. However, this process does not guar-
antee that the data collection for individual routes will yield 
estimates at the same prescribed level of confidence. Routes 
with stable ridership may not need the prescribed amount of 
sampling, while routes with fluctuating ridership may require 
much more sampling. However, where the overriding concern 
is not statistical accuracy, but is the acceptance and use of the 
data by participating departments, the policy approach may be 
deemed the only acceptable procedure despite a certain lack of 
statistical "purity." 

The systematic sampling approach does not preclude the pos-
sibility of obtaining statistically reliable data. The initial data 
collected can be used to develop individual route sampling plans 
as time and experience with the system progresses. Differences 
among routes can be accommodated by selectively changing the 
sampling scheme to include more data collection where neces-
sary. As the system matures, equipped bus requirements can be 
modified if necessary to accommodate unique system charac-
teristics. 

Statistical Sampling 

UMTA-sponsored research is focusing on developing methods 
for designing a comprehensive statisically based data collection 
program that generates precise route-level sampling require- 

ments for different time periods during the day (7). For example, 
a stable route may require only 1 or 2 days of limited data 
collection, while a new route might require a 10-day sample of 
all trips to obtain accurate ridership forecasts. Once individual 
route sampling requirements are determined, an estimate of the 
number of equipped buses can be made. 

This research has concluded that while such complex ap-
proaches are valid and may be desirable, they are not wholly 
appropriate for analyzing the cost-effectiveness of automated 
data collection systems or for determining the quantities of 
equipment that are required. The need for an extensive data 
collection effort plus the overall complexities associated with 
the procedures are likely to discourage most transit agencies 
from continuing the evaluation. The cost and effort associated 
with these procedures are justified only after a commitment to 
proceed with an automated system is made based on a more 
elementary feasibility analysis. 

An adaptation of the comprehensive statistical sampling ap-
proach was developed in this research. In this method the peak 
period sampling and equipment requirements for the typical 
route are used to estimate systemwide requirements. The premise 
is that the equipment estimates will be sufficient to allow for 
necessary adjustments to the sampling plans for individual 
routes. Provided the characteristics of the system's routes do 
not greatly deviate from a normal distribution, equipment sched-
ule adjustments will accommodate route sampling differences. 

This approach would generate statisically reliable data for all 
routes that meet UMTA's Section 15 requirements and possibly 
reduce the number of equipped buses as compared to the sys-
tematic approach. However, there are some drawbacks in im-
plementing it with automated data collection systems. The major 
difficulty with the approach is that the statistical validity is 
based on the assumption that all trips can be sampled randomly. 
This is easily accomplished with manual checkers who can move 
from bus to bus. With an automated system where the equipment 
is assigned to vehicle blocks, usually with multiple trips per 
route, random trip sampling can only be achieved by selecting 
from the trips surveyed. In general, larger samples and thus 
more equipment may be required than suggested by the BTM 
Manual (9). 
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Comparisons with Manual Data Collection Systems 	 Table 10. Potential implementation barriers. 

Care should be taken in comparing the economics of a manual 
data collection program with an automated data collection sys-
tem. This analysis should be based on camparable data collection 
activities and not on the current level of effort. Typically, manual 
data collection systems collect fewer data items, less frequently. 
In many cases, vehicle operators provide some or all of the data. 
A one-to-one relationship between the number of buses required 
and the number of checkers is unlikely. An automatic data 
collection system is less flexible than a manual data collection 
system. A manual checker can be easily moved from vehicle to 
vehicle and route to route. A manual checker can also be very 
efficient in collecting peak load data on multiple trips and mul-
tiple routes given the right conditions. In contrast, the automatic 
equipment remains with a single vehicle and provides all data 
on a ride check basis. 

Quantifying Potential Indirect Benefits 

The information obtained from an on-board automatic data 
collection system can provide the impetus for productivity and 
efficiency improvements. Reliable passenger and running time 
data can be the basis for optimizing schedules, readjusting 
routes, and modifying vehicle assignments (10). Schedule 
changes can be translated into cost reductions and/or improved 
service. Other benefits of automated data collection systems such 
as reduced data turnaround time and improved data accuracy 
can improve management decision-making. 

The potential dollar value of any of these benefits is directly 
related to conditions of a particular transit agency, particularly 
the quality of each transit agency's current data collection pro-
gram and schedule efficiency. It is difficult to speculate in ad-
vance what benefits may occur and the magnitude of any 
potential benefits. Dollar estimates should be reviewed judi-
ciously. These difficulties should not imply that these potential 
benefits are insignificant and should not be considered. On the 
contrary, decision-makers frequently use unquantifiable benefits 
to justify proceeding with investments that appear to be marginal 
or nonproductive in financial terms. A qualitative assessment 
of the potential for achieving these benefits is recommended. 

INSTITUTIONAL BARRIERS TO IMPLEMENTATION 

Successful implementation and effective management of any 
automated data collection will involve overcoming a variety of 
real or perceived institutional barriers. Table 10 presents the 
major labor, management, and organizational issues that could 
lead to problems. 

Labor 

The need to convey to transit personnel that the automated 
system is not intended to be a monitoring device that will be 
used to penalize poor performance cannot be overemphasized. 
Although this capability is present, its function should be clar-
ified and staff reassured that such is not the intent. Previous 
experience has shown that failing to alleviate this apprehension 
will lead to attempts to defeat the system. Trucking firms that 

I.abor 

Data collection devices perceived as management surveillance of 
performance. 

Added responsibilities used to demand wage increases. 

Union perception that intent of improved performance is to 
eliminate jobs. 

Continued compensation for manual checkers who cannot be 
reassigned. 

Unrealistic data demands by schedulers and planners. 

Management 

Data collection perceived as a low priority item given funding 
constraints. 

Apprehension about technical risk and potential for failure. 

Organizational 

Difficulties in assigniog equipped buses to specific routes on 
runs due to the way buses are serviced. 

Resistance to changes in organizational procedures to 
accommodate the system. 

Low priority assigned to data collection system maintenance. 

Low priority assigned to data collection system by central 
processing facility. 

Existing management information systems may dictate the nature 
and form of the data collection system. 

installed tachographs, for example, have found them discon-
nected and/or tampered with. Even some police organizations 
that tried AVM systems note deliberate attempts by some of-
ficers to confuse the system so that movements could not be 
monitored. 

The extent and type of driver involvement in the data col-
lection process is a continuing concern. It is obviously desirable 
to remove the driver from the operation to the greatest extent 
possible. However, this is not entirely practical because in some 
instances, such as in the use of electronic fareboxes, this in-
volvement is necessary. The driver is also in the best position 
to monitor equipment malfunctions and can be brought into 
that role through a careful orientation and training program. 

The cost savings of an automated system might be reduced 
significantly if drivers and other personnel successfully use ad-
ditional responsibilities and duties to justify higher wages. Sim-
ilarly, cost savings could be reduced significantly if manual 
checkers cannot be reassigned or phased out. This may be par-
ticularly difficult at transit agencies which employ former driv-
ers as manual checkers. 

Management 

Management has traditionally perceived data collection to be 
a low priority item compared to other projects competing for 
limited agency resources. Other projects may produce more 
visible results or generate more public interest and support. 
Apprehensions about the technical risks and other potential 
implementation problems may inhibit management approval of 
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an automated data collection system and even support of a 
feasibility study. 

Organizational 

One element that cannot be ignored in the process of collecting 
data with an automated system is the role of the dispatching 
operation. Dispatching equipped buses to serve specified vehicle 
blocks is a critical human element that cannot be avoided. Ef-
forts are required not only at the dispatcher level to orient, train, 
and retrain the individuals directly responsible for vehicle as-
signments, but also to enlist the cooperation of drivers and bus 
hostlers in the process. In fact, the vehicle dispatching procedure 
is the single most important element in achieving an effective 
data collection program. 

Modification of current dispatching and hosteling practices 
is also potentially the most disruptive to traditional operating 
procedures. Agencies operating in cold weather accustomed to 
dispatching buses from a lineup in the garage will likely expe-
rience the most problems in coordinating vehicle dispatch be-
cause hostler activities the previous night determine the order 
of the next day's departures. A workable but simple procedure 
must be established to reduce the complications of dispatching 
even if it means more than the minimum number of buses will 
need to be equipped. 

Adequate maintenance is critical to operating an automated 
data collection system. Malfunctioning of inoperable equipment 
can complicate dispatching and sampling procedures. Where 
maintenance is a centralized function, maintenance of other 
equipment—buses, fareboxes, radios, etc. —will frequently take 
precedence, and data collection system maintenance may be 
postponed. A similar circumstance may also arise where the 
data collection system is linked to a central, in-house data proc-
essing facility. Processing of data from the data collection system 
may have a low priority compared to payroll, budget, and the 
like.  

circulated to the departments and the personnel who would 
assume the functions and responsibilities. Their feedback, in-
cluding their apprehensions, estimates of the resources required, 
and comments on what they perceive is needed to implement 
the system, would be used to refine the plan and begin a broader 
program of dissemination and training. Table 11 enumerates 
activities that should be considered. More information is pro-
vided in the Implementaion Manual contained in Appendix I. 

Phased System Implementation 

Because of the technical risk involved with any new system, 
serious consideration should be given to phased implementation. 
Some inefficiencies will obviously be present if, for example, 
only a few routes are targeted. However, compared to the learn-
ing and start-up problems inherent in attempting the complete 
system, some inefficiency may be acceptable. 

Phased system implementation can also alleviate the diffi-
culties with system scheduling. System scheduling refers to the 
developing of a plan for assigning the units to vehicles and then 
assigning these vehicles to vehicle blocks in order to complete 
the data collection in an organized and efficient manner while 
adhering to the precepts of valid sampling. This is no trivial 
effort and a simple method for developing this schedule has not 
yet evolved. In the interim, the most straightforward course of 
action available is to identify the routes for which data are 
considered a priority and then to begin data collection on these 
routes based on a random selection of the vehicle blocks (in-
cluding trippers) servicing these routes. In developing the data, 
the rules of good sampling should be observed, such as avoiding 
holiday periods, abnormal weather, consistent observation of 
the same drivers, etc. The resulting data would be examined to 
judge whether or not they were valid and appropriate. Sched-
uling wQuld1en be adjusted and, over time, a sampling scheme 
developed. 

Overcoming Barriers To Implementation 

Transit agencies that have already implemented automated 
systems apparently have not experienced significant problems, 
perhaps because they thoroughly anticipated the problems and 
acted effectively to prevent them from arising. Portland, for 
example, specified its system to minimize driver involvement. 
Columbus avoids significant in-house support of its system by 
contracting with an outside consultant to analyze the data and 
make recommendations. The apparent lack of problems thus 
far is also likely because of the somewhat limited nature of the 
implementations. Fare category counters have not been imple-
mented and a full-scale management information system has 
not been established. 

Planning 

By far, the most important step in attempting to overcome 
potential problems is to develop a comprehensive plan for the 
data collection system. The plan, which would include an over-
view of the purpose and functions of the system and would 
define the expected responsibilities of all individuals, would be 

Table 11. Recommended alternatives for reducing institutional barriers. 

Comprehensive Planning 

Segin with a workable implementation plan. 

Solicit input from all parties on all aspects of the plan. 

Modify plan in light of input. 

Information Dissemination 

Inform all personnel of plans and goals. 

Inform all personnel of system status after implementation. 

Training and Retraining 

Establish orientation program. 

Establish retraining program. 

Reward employees who keep the system working. 

Organizational Structure 

Establish clear organizational responsibilities. 

Establish procedures for dealing with problems. 
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CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

ACHIEVING A MODULAR APPROACH 

Most transit agencies and most equipment suppliers accept 
the goals and aspirations of modularity and of standardization. 
However, the transaction from the current customized systems 
to the commericial reality of a fully modular system will be a 
long and difficult process requiring numerous concessions from 
all parties involved before a consensus can be reached. Suppliers 
that are already heavily invested in their own approaches are 
likely to resist moves to standardization that would involve 
substantial redesign or modification of their systems, preferring 
instead to promote their approach as a de facto standard. In-
dividual transit agencies can also be expected to espouse those 
particular system characteristics and features that they deem 
essential. 

The function and configuration of the modular system de-
veloped in this research effort is intended to represent a preferred 
and cost-effective system that is sufficiently flexible and ex-
pandable to accommodate the vast majority of potential appli-
cations. The proposed design approach has been reviewed by a 
number of equipment suppliers, and many of their comments, 
suggestions, and insights have been incorporated into the final 
proposed system. 

The Choice Between Established Versus Emerging 
Data CommunicatIons Standards 

The modular system developed in this research was defined 
on the basis of using an established, widely recognized, and 
extensively supported data communications computer bus 
(STD-BUS) that would facilitate the integration of modules by 
independent suppliers while ensuring module compatibility (4). 
(It is noted that the STD-BUS is a concept conceived by the 
Pro-Log Corporation. There are no trademarks, copyrights, or 
patents restricting its use and it is supported by multiple 
sources.) This particular standard may be perceived as an over-
specification for the proposed application since its capabilities 
exceed the relatively elementary data control and communica-
tions required of the system. However, this is deemed preferable 
to designs that appear to present a more efficient and economical 
structure, but risk the loss of true system modularity. The re-
search considered the possibility of basing the system design on 
nonestablished standards and on nonstandard computer and 
communications bus structures and concluded that the perceived 
benefits in terms of cost and system simplicity would either not 
be realized or would be outweighed by the costs that would 
result if these were applied in a proprietary manner. The per-
ceived excess capability residing in the STD-BUS does not result 
in increased cost because supporting hardware is produced by 
multiple vendors and in sufficient quantities to attain relatively 
low per-unit costs. Documentaion of the STD-BUS is extensive,  

and experience with this standard is sufficiently broad to en-
courage additional suppliers to enter the market. 

One emerging contender to the STD-BUS as the basis for the 
modular system is a small area network (SAN) known as the 
Digital Data Bus (D2B) (5). The D2B is designed primarily as 
a box-to-box interconnect method and uses only two wires be-
tween boxes. The D2B has been defined and used in Europe 
during the last 2 years as an interconnection scheme for elec-
tronic apparatus in the home. It is currently being considered 
for standardization in Europe and is being examined by the 
Society of Automotive Engineers (SAE) for application in the 
automotive environment. 

The obvious advantage of the Digital Data Bus is that it 
requires only two wires. Functional units thus could be located 
where they fit best rather than where wiring constraints dictate 
or rather than in a central control box requiring multiple, mul-
tipin connectors, etc. The D2B provides serial data communi-
cation and multimaster form of system control and is also 
characterized by low radiation and high noise tolerance. There-
fore, it appears to be suited to the data collection functions 
addressed in this research. 

The D2B, however, has not yet been accepted as a standard 
and certain logic and interface functions are still being modified. 
More importantly, hardware incorporating the JYB is not yet 
available from manufacturers in the United States. A recent 
licensing agreement between its European developers and two 
U.S. companies promises to result in the domestic availability 
of at least two microprocessors incorporating the bus, but for 
now the D2B is unavailable. 

The research, therefore, had to choose between an existing 
standard, the STD-BUS, or a future standard, the IYB. It was 
concluded that the only choice was to proceed with the known 
and adopt the STD-BUS. 

Industry Movement Toward Standardization 

The first realistic step toward standardization must be a com-
mitment by the transit industry to one or more procurements 
based on the modular system and the standards on which it is 
based. This includes the securing of funding for the initial pro-
curement. If such can be achieved within a reasonable time-
frame, the procurements should proceed on the basis of the 
specifications contained in Appendix II. However, there is the 
possibility that a new standard such as the IYB will be officially 
adopted and gain user acceptance and manufacturer support. 
Should this occur, a reassessment of the standards underlying 
the specifications should be undertaken. 

Irrespective of the particulars of the initial procurement of a 
modular system, the industry should continue to move towards 
a consensus on the function, configuration, and design of a 
transit data collection system. This need not result in total 
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agreement in all areas. Obtaining even basic agreement on data 
elements, data formats, and the like will still net considerable 
improvement over the present circumstances. A continuing com-
mittee role with equal representation by current users, suppliers, 
and especially prospective entries into the field (users and sup-
pliers) is necessary to maintain interest in modularity and to 
achieve the consensus on those items that will be most beneficial 
in terms of cost, flexibility, reliability, etc. 

OTHER RESEARCH NEEDS 

The research showed that hardware standardization and mod-
ularity can be expected to produce significant benefits. It also 
showed that substantial benefits can be obtained from improve-
ments in other areas. In particular, standardized software and 
the application of dedicated computer systems could ultimately 
reduce the overall cost of automated data collection by even a 
greater amount than through hardware improvements (cost and 
otherwise). Developmental efforts in these areas should proceed 
simultaneously with efforts to promote hardware standardiza-
tion and should be directed at both the small and the medium-
sized transit system. Table 12 summarizes the research (and 
funding) needed in both hardware and nonhardware areas to 
achieve greater standardization. 

Table 12. Future research needs. 

Product Development and Demonstration 

Develop formal, cooperative agreement between U.S. and Canadian 
research efforts to move toward a unified North American modular 
specification. 

Establish (and fund) industry task force to develop, review, and 
approve "model" uniform, modular specification. 

Fund demonstration of two or more different system configurations 
based on model specification. 

Data Sampling Parameters 

Fund efforts to define default values for key statistics—
focusing on rules-of-thumb based on recognizable route 
characteristics and which do not require data collection. 

Cost/Benefit Parameters 

investigate and quantify software development and data 
processing costs. 

Vehicle Scheduling 

Develop vehicle scheduling procedures for automated systems. 

information Dissemination 

Fund case studies of several systems highlighting dispatching, 
scheduling, retrieval procedures. 

Fund software documentation efforts of significant in-house 
routines that may be transferred to other projects. 
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INTRODUCTION 

27 

The on-board automatic data collection system implemen-
tation manual is designed to assist transit personnel in deter-
mining the potential utility and cost-effectiveness of automating 
data collection activities. It is a step-by-step reference guide for 
designing, selecting, and implementing on-board automatic data 
collection systems tailored to meet the management information 
requirements of individual transit agencies. It can be used for 
a range of bus transit applications to determine: 

The extent of automation appropriate to achieve a transit 
agency's data and information needs. 

The specific hardware and software components appropri-
ate to meet a transit agency's information needs. 

The amount of equipment required to achieve a cost-effec-
tive system within the constraints posed by staff, facilities, and 
fiscal resources. 

Potential management and operating benefits from auto-
mation. 

Planning and implementation activities that would mini-
mize difficulties in integrating the system into existing operations 
and facilitate system expansion. 

1.1 ORGANIZATION OF THE IMPLEMENTATION 
MANUAL 

Figure 1-1 identifies the design, selection, and implementation 
activities discussed in subsequent sections of this report. The 
figure indicates the order in which the analysis should be un-
dertaken and provides a cross-reference between the activities 
illustrated in the figure and the chapters containing the infor-
mation relating to each activity. 

The implementation manual assumes that users have knowl-
edge of the basic hardware and software components of an on-
board automatic data collection system and elementary statis-
tical concepts related to data collection programs. A glossary 
of terms used in the manual is provided in Appendix I.A. Ex-
amples of reports and graphics that can be obtained from au-
tomated data collection systems are illustrated in Appendix I.B. 
Additional information on data collection system hardware is 
contained in Appendix I.C. Appendixes I.D. and I.E. provide 
detailed information on data processing functions and the data 
files to support and supplement the automated data collection 
system. Appendix I.F. contains a brief overview of data sampling 
as it relates to system sizing. 

1.2 SCOPE OF THE IMPLEMENTATION MANUAL 

This manual has been tested and evaluated at two transit 
agencies to ensure that the information and format of the manual 
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Figure I-I. Design, selection, and implementation activities. 

are practical, usable, and appropriate for a range of transit 
applications. Every effort has been made to ensure that the 
manual is complete and comprehensive. However, two impor-
tant aspects related to implementation of automated data col-
lection systems are beyond the scope of this research effort. 

First, the manual does not provide detailed information re-
garding the requirements and procedures for establishing, exe-
cuting, and operating a transit data collection program. Reports 
sponsored by the U.S. Department of Transportation and others 
provide guidance on developing a comprehensive data collection 
program (1, 2). An operational data collection program is not 
required to use this manual; however, a detailed assessment of 
agency data needs is desirable. A prior determination of what 
data are to be collected, accuracy requirements, collection fre-
quency, and sampling strategies would help to ensure that 
agency information needs are met while technology and software 
requirements are kept to a minimum. 

Second, it is not feasible to detail all the activities for imple-
menting a "turn-key" data collection system, because a number 
of site-specific issues, priorities, and procedures must be incor-
porated. While these aspects are discussed in subsequent chap-
ters of the manual, additional planning is necessary prior to 
proceeding with procurement activities. 
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This manual does not explicitly address data collection for 
real-time vehicle dispatching, revenue and fiscal auditing, and 
special user analysis. These applications would require custom-
ized management information systems to meet site-specific 
needs. The data needed for these applications, however, could 
be provided by an appropriately configured automated data 
collection system. 

The implementation manual was developed in conjunction 
with a parallel research effort to develop standardized system 
requirements for automatic data collection hardware and soft-
ware. Much of the information provided in the implementation 
manual is presented in terms of the standardized, modular sys-
tem that was developed and is documented in Appendix II. The 
advantage of this approach is that it permits discussion of tech- 

nology capabilities, constraints, and trade-offs without requiring 
reference to a data collection system that is currently being used 
or provided by a supplier of these systems. 

A transit agency need not adopt a modular design in order 
to use this manual. The functional capabilities of the modular 
system are similar to those of existing hardware. The modular 
approach is a new concept in packaging and assembling available 
hardware, rather than a new hardware development. Where 
transit managers prefer to consider systems currently available 
from specific manufacturers, the modular approach provides a 
useful tool for evaluating alternative system capabilities and 
ensuring that agency information needs are achieved in a cost-
effective manner. 

CHAPTER 1.2 

IDENTIFYING THE POTENTIAL FOR AUTOMATING DATA COLLECTION 
ACTIVITIES 

A clear understanding of current data collection problems and 
the capabilities and characteristics of on-board automatic data 
collection is essential in determining whether or not automation 
of these functions would benefit an individual transit agency. 
Information to assist transit agencies in making this determi-
nation is provided in Sections 2.1 and 2.2. Transit agencies that 
wish to evaluate the feasibility of automated data collection 
systems in more detail should first develop criteria for evaluating 
the system (Section 2.3). A clear understanding of management 
perspectives and agency resource limitations is instrumental in 
selecting suitable hardware and software components and in 
integrating the system into existing transit operations. 

2.1 EVALUATE CURRENT DATA COLLECTION 

All transit agencies undertake similar management functions. 
These functions include, for example, route planning, driver 
scheduling, performance evaluation, marketing, and policy de-
velopment. Recent studies (3, 4) have shown that the data used 
by transit agencies to accomplish these functions are similar. 
Data on ridership, vehicle performance, revenue, and patron 
socioeconomic characteristics, travel patterns, and attitudes 
form the nucleus of a transit agency's management information 
needs. These data coupled with data from agency records (i.e., 
route miles, schedules, etc.) are used to construct performance 
measures, prepare external reports, revise schedules, and develop 
work assignments. 

Ridership, vehicle performance, and revenue data are typically 
the most important, most frequently collected, and most ex-
pensive components of a transit agency's management infor-
mation system. This is partially due to the inherent variability 
of the data caused by the large number of factors influencing 
passenger behavior and vehicle performance. In addition, these 
data are critical components of most transit agency decision-
making functions. Figure 1-2 shows where information on pas-
senger counts (boarding and alighting passengers), passenger 
loads, time, mileage, and revenue data are applied in various 
transit management and operations functions. 

Most transit agencies use manual data collection systems to 
fulfill their information needs. Typically, traffic checkers collect 
ridership and schedule adherence data by conducting point 
checks or ride checks. In some cases, the vehicle operator is 
responsible for recording passenger counts and schedule adher-
ence. Fare and revenue data are most commonly acquired by 
requiring the vehicle operator or garage personnel to record 
farebox register readings (3, p.  42). 
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Generally the person collecting the data records the infor-
mation by hand on preprinted checksheets and is required to 
include information that identifies the data for analytical pur-
poses. This might include, for example, date, time, route, trip, 
or bus stop information. 

The data generated by the checkers must be compiled into 
meaningful information. Using the raw checksheet data for 
building or adjusting headways is common scheduling practice 
(3, p.  35). However, other management functions require that 
the checksheets be processed to produce the summary statistics 
needed for analysis. Statistical analysis is needed to arrive at 
conclusions based on these data. For example, the data must 
be aggregated to analyze trends in passenger loading and sched-
ule conformance, and interrelationships between these factors 
must also be determined. Reduction and analysis of data using 
hand calculators is time consuming and sometimes inaccurate. 
Where data analysis has been computerized, the checksheets 
must be coded and keypunched before they can be processed. 
Data transcription can be a major source of data errors. 

Obtaining good management information through manual 
data collection procedures can be difficult and expensive. The 
most common problems are discussed below. In assessing the 
current data collection system, site-specific problems should be 
added to the list. 

The most important shortcomings of a manual data collection 
system are the following: 

Some traditional data collection procedures have become 
unreliable. The accuracy of peak load estimates from street 
corner point checks has been degraded by the introduction of 
buses with tinted windows that diminish the checker's ability 
to observe the number of passengers on the bus. Use of revenue 
counts to estimate ridership becomes less practical as pass and 
other fare prepayment methods are introduced, as the number 
of passeneger fare categories is increased, or as more fare zones 
are added. 

The time delay between data collection and data analysis 
can be a problem. Some transit properties that use manual data 
collection programs have experienced delays up to one year 
between data collection and data analysis and reporting. Typ-
ically, the longest delay is caused by the data preparation func-
tions—data validation, editing, and keypunching (5, pp.  38-
39). 

The reliability of the data cannot always be guaranteed. 
The accuracy of data collected by checkers and drivers can vary 
from day-to-day. Research conducted by the Transportaiton 
Systems Center suggests accuracy is influenced by a number of 
factors; standing loads, volume of activity at a bus stop, the 
duration of the shift, distractions from passengers, educational 
background, and motivation (6, p.  12). 

Depending on local labor practices, the cost of manual data 
collection systems can be high. Manpower—checker salaries 
and fringe benefits—is usually the largest budget item for a 
manual data collection system. Cost considerations may limit 
the frequency and amount of data that can be obtained. 

Because of the time-consuming and tedious nature of data 
analysis and interpretation, substantial amounts of the data col-
lected may not be analyzed. A survey conducted by Flusberg, 
for example, found that only about 50 percent of point check 
data is processed and analyzed (3, p.  35). 

2.2 EXAMINE AUTOMATED DATA COLLECTION 
SYSTEM CAPABILITIES 

An on-board automatic data collection system is an alternative 
technique for collecting the transit management information 
data identified in Figure 1-2. These systems include the hardware 
to collect and record data and the transfer mechanisms and 
computer software required to process the data into useful in-
formation. The systems use microprocessor technology to ac-
quire data on passenger activity and vehicle performance, as 
well as location and time information. 

Figure 1-3 shows the four essential elements of an automated 
data collection system: data acquisition, data recording, data 
transfer, and data processing. The components that can be used 
to construct a system are also shown. Passenger counting sensors 
located at each doorway of the bus detect passenger activity, 
and the passenger-counting electronics translate this activity into 
boarding and alighting counts. If desired, one or more fare 
category counters—electronic farebox, pass reader and or ticket 
validator—can be added to collect revenue data by user cate-
gory. 

The remaining data acquisition and data recording compo-
nents provide the necessary information to reference the data 
by location and time. A door sensor is used to monitor the 
opening and closing of the doors in order to define the beginning 
and end of passenger activity at each bus stop. An internal clock 
is used to denote the time and date of each data recording. An 
odometer is used to denote vehicle mileage and provides one 
means of matching data records to stop locations along the 
route. Typically, distance referencing is supplemented by lo-
cating wayside transmitters (signposts) at designated intervals 
along the route to periodically provide a known location ref-
erence. 

In a sense the system controller serves as the checksheet for 
an automated data collection system. All of the equipment de- 
scribed above is electronically connected to the system con-
troller. Data from the equipment are stored on-board the vehicle 
until data transfer takes place. In most cases, the data transfer 
takes place in the garage. 

Each vehicle is equipped with a data transmitting device that 
is connected to an external data receiver when data transfer 
takes place. Basically, the external data receiver provides inter-
mediate storage for data, and the link between the vehicles and 
the computer facility which processes the data. 

Once the data are fed into the computer, software is used to 
validate the data and to construct the data base. External data 
files such as route schedule times, time point locations, and 
signpost locations are used to assign route and run numbers as 
well as bus stop numbers to the data collected from each vehicle. 
The detailed records from each vehicle are then converted to 
the desired data base or master file. Generally, the master file 
stores data by bus stop or bus trip. Finally, the desired man-
agement reports are produced. 

Significant management benefits can be derived from auto-
mated data collection systems—lower data collection costs, im-
proved turnaround time, and better quality data. 

Lower data collection costs—Given a comparable data col-
lection effort, the annual cost of an automated system will gen-
erally be less than that for a manual data collection system. As 
indicated in Figure 1-4, the annual cost of an automated system 



93 

SIGNPOST 
TRANSMITTER 

DATA 
ACQUISITION 

PASSENGER 	FARE DRIVER 
COUNTING 	CATEGORY 	 CONSOLE I FAWENNA 
SENSORS 	COUNTER 

SYSTEM CONTROLLER 

 

PASSENGER 	FARE 	 DOOR 	CLOCKJ ODOMETER I 	I 	MANUAL 	SIGNPOST 	 DATA 
COUNTING 	COuNTING 	CONTROl. 	CALENDAR 11 	J IMPULSE 	J 	INPUT 	SIGNALS 	 RECORDING J 

	

ELECTRONICS 	ELECTRONICS 	SIGNALS 	SIGNALS 

	

I 	I SIGNALS 	SIGNALS 

DATA EXTERNAL 	I DATA 

DATA TRANSFER 
TRANSHITI'EK H RECEIVER 

COMPUTER 

FAd I.1TY 

DATA EXTERNAL DATA FILES 

- 
(i.e., 	Schedule Timem H  PROCESS IAGENT DATA 

mud Time Point I.ocationm)  SOFTWARING REPORTS PROCESSING 

Figure 1-3. Elements of on-board automatic data collection system. 

700000 

600001) 

5001(00 

400(100  

300(100 

200000 

100000 

25 	5)) 	100 	200 	300 	400 	500 	ThO 	1000 
Nitiiihci 	of 	l'cuk 	Period 	Buses 

labor Cost 	(Inc hidi
ti
ng fringe) 	no 
	

Total Annual Cost of 
AssocIated ul iii Natia I 	 Nuiiva 1 	Data 	Collect ton 
(3iecket 

Q lot a I 	Anniia I Coal of On- (lou rd 
Automatic Data Collection System 

Figure 1-4. Comparison of manual and automated data collection costs. 



32 

Table I-i. Evaluation criteria guidelines. 

General Management Goals For System Operation 

System provides essential data needed to meet management 
information needs. 

System provides data at sufficient level of detail (system-wide, 
block, route, trip, service period, day of the week, type of 
service, etc.) to meet management information and reporting 
requirements. 

Time and location information needed to identify the data (i.e., 
stop event records, vehicle location, time point location) are 
sufficiently accurate to meet management reporting requirements. 

Collection of unessential data is minimizEd. 

Data formats are compatible with existing management information 
systems. 

Requirements and procedures for handling and processing the data 
lead to reductions in data turnaround time. 

The number of equipped buses is sufficient to meet minimum 
sampling requirements. 

Data collection frequency and coverage is improved. 

Technical risk associated with technology options is compatible 
with historical management perspectives regarding innovation. 

The system offers the capacity to meet planned expansion without 
major modifications. 

Potential suppliers of the equipment can provide adequate produc-
tion support—replacement parts, service, training, and warranties. 

System Imnlementation Goals 

The level of operator involvement in data collection activities is 
compatible with historical roles and responsibilities. 

The level of human involvement in data transmission and retrieval 
is compatible with existing job functions and organizational 
responsibilities. 

The cost and disruption resulting from physical modifications to 
existing facilities (e.g., garages) is acceptable to management. 

Potential modifications to existing operational practices (vehicle 
check-out or check-in, bus cleaning, vehicle assignment 
procedures) are acceptable to management. 

The implementation schedule reflects management goals for the 
system and the required changes to transit agency procedures. 

The potential for vandalism and theft of equipment is minimized. 

Available Agency Resources 

The automated system offers the potential for long-term 
incremental benefits from reducing external reporting costs, 
improving scheduling procedures, etc. 

The annual costs of the automated system are lower than other 
alternatives for collecting comparable data. 

Sufficient capital funding is available to procure the system. 

Sufficient funding is available to operate and maintain the 
system. 

Current maintenance support is sufficiently staffed and skilled 
to handle preventative as well as unscheduled maintenance of 
sophisticated electronic equipment. 

Adequate in-house computer expertise is available for developing 
software and managing the data base. 

Adequate computer facilities are available. 

Changes to operator, scheduler, dispatcher, fare collection, or 
maintenance roles and responsibilities are acceptable to 
labor/union perspectives. 

Facilities for data storage are available. 

(consisting of passenger counters plus two Signposts per route) 
is approximately equal to the cost of the salaries of just the 
manual checkers at many transit agencies. 

Improved data turnaround time—Transit decision-making 
can be more timely because data from an automated system will 
generally be available sooner than data from a manual data 
collection system. Seattle Metro and Metro Transit in Kala-
mazoo report approximately a one-week data turnaround time 
from their automated system. 

Better quality data—Tests have shown that the accuracy 
of on-board ridership data obtained from a well-designed au-
tomated system is equal to or better than the accuracy of data 
taken manually (6). When compared to data collected by op-
erators or street-side checkers, the accuracy of data collected 
by automated systems is frequently much better. 

Nonetheless, implementation of an on-board automatic data 
collection system requires careful attention to detail. Acquisition 
of the equipment and development of the necessary software 
require a substantial capital outlay. Implementing and operating 
an automatic data collection system is not a simple task. Ef-
fective application of the technology requires extensive coop-
eration and coordination by all participating personnel and may 
necessitate changes in agency operating procedures. In contrast 
to a manual data collection system, the assistance of mainte-
nance, dispatching, and hostling personnel is needed to ensure 
that equipped buses are available, that data collection assign-
ments are carried out, and that the data collection system does 
not interfere with transit operations. These and other issues are 
discussed in greater detail in the remainder of the manual. 

2.3 DEVELOP CRITERIA FOR EVALUATING THE 
SYSTEM 

The initial step in the evaluation process is to develop criteria 
for evaluating the potential cost-effectiveness of the automatic 
data collection system. These criteria should reflect management 
goals and objectives for the system and the institutional envi-
ronment in which the system is to be implemented. If the system 
configuration is not compatible with management perspectives 
or available resources, integrating the system into existing transit 
operations will be difficult; maintaining and operating the system 
could be a problem; and the utility of the data obtained from 
the system may be questionable. 

Because transit systems differ markedly in size, operating 
characteristics, and resources, it is difficult to develop a single 
set of evaluation criteria that could be used by every transit 
agency. In general, however, the criteria should take into ac-
count management goals for the system operation, management 
goals for system implementation, and available agency resources 
(funding, staff, computer). 

Table 1-1 presents a list of potential goals that can be used 
as the basis for developing evaluation criteria. Transit agencies 
should review the table to establish the criteria relevant to their 
application and are encouraged to expand the list with additional 
site-specific goals and criteria appropriate to their individual 
circumstances. These evaluation criteria are to be used as a 
decision-making guide throughout the design, selection, and 
implementation process. 

Personnel in the various transit agency departments that will 
be affected by system implementation should be contacted to 



obtain their perspectives on goals and objectives for the data 
collection system, issues to be included in the evaluation criteria, 
and their particular data requirements. Early involvement of 
transit agency staff will assist in minimizing system operation 
and maintenance problems and ensuring that the data obtained 
from the system are useful. These personnel include: 

Policy makers. 
Operations planners.  

Schedulers. 
Dispatchers. 
Maintenance supervisors. 
Hostlers. 
Traffic checkers. 
Management information specialists. 
Drivers. 
Facilities engineers. 
Union representatives. 

33 

CHAPTER 1.3 

CONFIGURING THE HARDWARE AND SOFTWARE 

Once a transit agency's goals and objectives for the automatic 
data collection system have been outlined, the process of de-
signing the system may begin. This chapter provides information 
and worksheets for selecting the appropriate hardware and soft-
ware configurations. Because trade-offs can be made between 
hardware, implementation options, and software, this is an it-
erative process. Basic knowledge of the elements used to design 
an automated data collection system is assumed. Further in-
formation is contained in Appendixes I.B, I.C, I.D, and I.E. 

3.1 IDENTIFY INFORMATION NEEDS AND 
REQUIREMENTS 

Part of the purpose of involving the personnel in various 
departments in the planning and evaluation is to determine the  

level and type of management information being sought. This 
step is an important prerequisite to estimating the extent of the 
proposed system, because the detail required in the management 
information will influence the selection of the hardware and 
software and impact the day-to-day activities of the data col-
lection effort. 

The management information reports in Table 1-2 are typical 
of those that might be selected as products of the data collection 
system. (See App. I.B for sample reports produced by some 
current data collection systems.) The table is presented in the 
form of a worksheet that can be used to rank the importance 
of particular information at three levels: essential, desirable, not 
required. This ranking is intended to assist transit agencies in 
ensuring that the data collection system meets its essential needs. 
It allows for identification of data that could be omitted without 
sacrificing the utility of the system. Information products not 
present in the table but considered necessary should be added 
to the table. 

Table 1-3 expands the information checklist to include ex-
amples of the form in which the data are expected and the 
frequency with which they must be generated. Reports can range 
from simple summaries of data, such as that required by Section 
15, to more detailed reports in which information is broken 
down by route, direction, days of the week, time of day, time 
point, etc. Data requirements not present in the table but con-
sidered necessary should be added to the table. Careful consid-
eration of the actual form and frequency of the information is 
essential because these directly impact how the data are pro-
cessed, how much storage and processing capacity is required, 
and how manageable the overall system will be. This worksheet 
should be completed on the basis of a realistic assessment of 
the need for the information. For example, it is important not 
to specify a running time report as a weekly report if it will 
only be required as an input to quarterly schedule changes. 



Table 1-2. Management information data requirements checklist. 

System Priority 
(Check One Column) 

Report Type 	 Typical Dala/Siatistic Entries 	 Essential 	Desired 	Not Required 

Section 15 	 Passengers Boarded, Passenger Miles, 
Capacity Miles, Seat Miles, Bus Trips 
(Sample Size & Tolal) 

Ridership Report 	Passengers Boarded, Passenger Loads, 
Passengers Per Trip/Mile/Vehicle Hour 

Running Time 	 Observed Running Time, Scheduled Running 
Time, Deviation 

Schedule Deviation 	Schedule Time, Observed Time, Measure of 
Lale or Early 

Overloading 	 Maximum Passenger Load, Load Faciors, 
Time/Distance with Standees 

Revenue Report 	Passengers Carried, Revenue, Revenue 
Per Passenger/Trip/Mile, Recovery Ratio 

Fare Category 	 Boarding Passengers by Category, Revenue 
Percent by Ridersliip Category 

Revenue Audit 	 Revenue Received, Vaulted Amounts, 
Revenue Discrepancies 



Table 1-3. Management information reporting checklist. 

REPORTING REQUIREMENT I 	 REPORT rr 
(For each report type. I 
aelect requireaeut to I 	 I 	 I 	 I 	 I 	 I kevenue I 
each heading that beat I Section I 	I Running I Schedule I 	 I 	and 	I 	fare 	I Revenue 
.eetC Inforaetlon neednl 	IS 	IR!derahip I Time 	I Deviation I Overloadina I Riderahio I Calaeorv IAernnntln 

Pregnancy Needed 

Annually 
Quarterly 
Monthly 
Weekly 
Daily 

Individual Day 
Weçkday/Sat/Sun 

Weekday/Weekend 

Time of Interval 	 I 
Full Day 	 I 
AH/PN/Hldday/Nlgitt 	I 
Hourly Interval 	 I 
halt-hour Interval 	I 
Leca or Equal IS Miii 	I 

Data Segeentatlon 	I 
Route-level Sunciary 
Trip Sureeary 	 I 
Time Pointa 	 I 
Stop by Stop 	 I 

Gruyhlca_Iieguireaetita I 
No Craphica 	 I 
Report and Graphico 	I 
Graphic Only 	 I 
high Quality line Graphil 

Archive liequirecenta 	I 
None 	 I 
h.eati Than One Year 	I 
Permanent-Hard Copy 	I 
Pereai.eut-Cucputer 	I 

Special Kegill eaenta 	I 
Weather Conihition 	I 
School Day 	 I 
Ikiliday PerIod 	 I 
Type of Vehicle 	 I 
Type of Service 
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3.2 MATCH INFORMATION REQUIREMENTS WITH 
MODULE CAPABILITIES 

This research identified 13 hardware modules or components 
that can be used to construct an automatic data collection sys-
tem. These modules are described in Table 1-4. More detailed 
information is provided in Appendix I.C. 

Certain modules are required for all data collection systems. 
These are the modules that are necessary to provide the infor-
mation storage, control, and retrieval functions within the sys-
tem. These modules are: 

System con trol— Required to accept, monitor, and control 
all data collection and transmission activities. 

Memory—Required to store the data on-board the vehicle. 
This module might be eliminated in a real-time data collection 
system, but in most instances some memory would be required. 

Data transmission—Required to transfer data from the 
vehicle to the external retrieval unit. 

External data receiver—Required to receive data and pro-
vide interface to computer. 

Power supply—Required to convert, condition, and filter 
primary bus voltage. 

Data gathering module—At least one of the primary data 
collection modules (e.g. passenger counter, fare category 
counter) is needed to provide the data. 

Other modules are selected to provide data to meet particular 
management information needs. Table I-S provides a checklist 
to identify the modules to be included in a transit agency's 
automated data collection system. The results of Tables 1-2 and 
1-3 should be used to complete this table. Those modules that 
are considered to be essential for meeting a transit agency's 
management information needs should be noted on the left side 
of Table I-S. Modules that are not essential, but are desired by 
a transit agency, should also be noted. This ranking allows 
transit agencies to identify those modules that could be omitted 
without sacrificing the usefulness of the system. 

The cost analysis undertaken in this research revealed that 
the decisions regarding signpost and fare collection modules 
warrant special consideration. The annual costs of a system with 
an average of two signposts per route and a system without 
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Table 1-4. Description of automatic data collection system modules. 
MODULE DESIGNATION 	 FUNCTIONAL DESCRIPTION 

System Controller 	 Microprocessor located on the 
vehicle that accepts, monitors, and 
controls the data collection and 
data transfer functions of all 
other modules. In addition, it 
includes a clock and calendar with 
back-up battery. Also accepts data 
from odometer and driver door 
control switches. 

Passenger Counter 	 Sensors that detect the number of 
passengers boarding and alighting 
at each bus stop. 

Fare Category Counter Fare collection equipment that 
detects the number of passengers 
per fare category. 	Maintains 
cumulative value of revenue 
received. 

Memory Stores data on the vehicle. 	At 
least 64K of non-volatile memory 
is provided. 

Memory Expansion Provides additional memory where 
needed. 

Signpost Signpost transmitter installed 
along routes transmits an encoded 
identification number to an antenna 
mounted on the bus roof. 

Manual Input 	 Console for driver to enter data 
reference information such as bus 
number, farebox number, farezone 
identification, etc. 

Door Status Sensors 	Additional door switches that can 
be used to detect and count the 
number of passengers boarding and 
alighting at each door. 

Status Display 	 Portable data transfer equipment 
that allows transit personnel to 
monitor counter accuracy and 
perform other system diagnostic 
checks. 

Data Transmission 	 On-board data communications 
device for transferring data from 
memory to the external data 
receiver. 

II. 	Expansion Module Provides the capability to add 
other data collection functions. 
For example, the destination sign 
could be used to automate 
route/trip information. 

Power Supply Converts, conditions, andfilters 
primary bus voltage to provide 
power to the data collection 
system. 

External Data Receiver Data retrieval unit used to 
receive data from the vehicle and 
send it to the computer for 
processing. 

signposts are comparable. The choice between the two alter-
natives depends largely on the extent dispatching procedures 
and driver involvement can be relied on to identify data ac-
cording to specific blocks of work and particular trips within 
the assignment. Most data collection experts recommend sign-
posts because the reliability of the information provided by 
drivers cannot be guaranteed. 

Adding new fare collection equipment, such as electronic 
registering fareboxes, or self-service fare collection equipment, 
solely for the purpose of collection fare and revenue data is not 
cost effective. Electronic registering fareboxes alone will ap-
proximately double the unit cost of on-board equipment. Pur-
chase of new fare collection equipment should be evaluated and 
justified independently from data collection issues. Where new  

fare collection equipment can be justified on the basis of revenue 
security, bill handling capability, fare evasion reduction, etc., 
the upgrade of the equipment for data collection purposes should 
be considered as part of the automated data collection system. 

3.3 SELECT HARDWARE I IMPLEMENTATION 
OPTIONS 

Some modules allow for technology or implementation op-
tions. Although the technology or implementation option se-
lected does not affect the functional capabilities of the automatic 
data collection system, it can have an impact on system costs 
or operational characteristics. For example, reliable transmission 
of the data from the on-board microprocessor can be accom-
plished with any of the hardware options currently available. 
Although the cost of the alternatives can be significantly dif-
ferent, transit agency managers may feel a more expensive al-
ternative (e.g., infrared data retrieval and transmission) is 
appropriate to minimize human involvement in the data retrieval 
process. A brief description of various options is provided in 
Table 1-6, and detailed information is contained in Appendix 
I.C. 

Hardware and/or implementation options preferred by a 
transit agency can be noted on the right side of Table 1-5. In 
selecting the appropriate option, the following issues should be 
considered. 

Cost, reliability, and accuracy trade-offs. 
Management perspectives regarding approaches to data 

collection system implementation and operation. 
Institutional constraints that may affect hardware selec-

tion. 
Modifications to existing transit operation functions that 

may be required by a particular option. 
Technical risk associated with the hardware option. 
Ability of potential suppliers to provide adequate product 

support. 

3.4 ESTABLISH DATA PROCESSING 
REQUIREMENTS 

The volume of data that is generated by automated data 
collection systems precludes manual processing. Software is 
needed to sort, aggregate, and maintain data and to extract 
management information. Table I-i presents the type of proc-
essing required between the collection of the raw data on-board 
the vehicle and generation of a final management report or 
statistical summary. 

Appendix I.D contains a more detailed discussion of the 
overall structure of the data processing activities and includes 
a proposed framework for an integrated data software package 
that could have broad application. Although the focus of this 
appendix is oriented to the future, it also provides a detailed 
view of the typical data interactions today. 

Transforming the raw data provided by the on-board unit 
into the typical information supplied in the management reports 
is not an elementary data processing operation. Vehicle-specific 
data obtained from the on-board units must be restructured to 
fit other information key or keys such as route, time-of-day 
intervals, etc. This is a complex operation that requires iden- 



Table 1-5. Module selection checklist. 

MODULE SELECTION 	OPTION SELECTION 

Hardware! 
Essential Desired 	 Implementation Preferred 
Module 	Module 	Module 	 Option 	 Option 

* 	 System Controller 

Passenger 	 Photoelectric 
Counter 	 Mat 

Fare 
Category 
Counter 

* 	 Memory 	 Solid State 
Cassette 

Memory Expansion 

Signpost 

Manual Input 	Minimum 
Expanded 

Door Status 

Status Display 

* 	 Data Transmission Female Plug 
Infrared Unit 
RF Transmitter 
Other 

Expansion Module 

* 	 Power Supply 

* 	 External Data 	Umbilical 
Receiver 	 Infrared Unit 

RF Transmitter 
Modem 
Other 

*These modules are required in any automated data collection system. 
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tifying the route segments to which the vehicle was assigned 
and completing an accurate data segmentation under circum-
stances that often complicate this matching—for example, the 
bus runs late, is turned around at an earlier relief point, or 
perhaps misses an assignment altogether. Commonly, a number 
of external files must be referenced either to obtain data not 
provided by the on-board equipment or to verify that the data 

provided by the on-board unit agree with this external infor-
mation. Appendix I.E describes these external data files. 

Sheer data volume also complicates data processing. The num-
ber of data manipulations coupled with frequent file referencing 
and data screening to eliminate errors makes the data processing 
function a sizable operation even for a small number of buses. 
Data management activities, therefore, constitute a significant 



Table 1-6. Technology or implementation options. 

MODULE OPTIONS 	 POTENTIAL ADVANTAGE 

38 

Passenger Counter 
Switch Mat Sensors 
Inductive Loop Mat Sensors 
Photoelectric beam 

Fare Category Counter 
Standard: Electronic Farebox 

Expanded: Multiple fare media 
devicea 

Manual Input 
Minimum configuration 
Expanded configeration 

Memory 
Solid State 

Casset Lu 

Data Transmission and Retrieval 
Umbilical/direct contact.data Low coat 

extraction to intermediate 
storage unit 

Umbilical/direct contact 
extraction to computer 

Non-contact data extraction: RF 
transmitters, Infrared, etc. 

Real-time data transfer  

High counting accuracy 
Improved reliability 
Lower cost 

On-board fare payment and fare categories 
provided 

On-board and oft-vehicle fare payment and 
fare categories provided 

Minimum operator involvement 
Detailed identification data generated 

Reduced data loss from tiunian error, 
mishandling, damage 

Data storage capacity reduces frequency of 
data transfer functions 

Eliminates problems with intermediate data 
hand 1 tog 

Eliminates labor from data transfer 

Real-time schedule changes can be made 

Table 1-7. Data processing requirements. 

On-Board Processing 

On-Board error detection 
Record formatting 
Additional data input: run number, route number (or block 
number), date, time-of-day 

Data Validation 

Data screening for consistency and error-checking 
Reconstruction of data where possible to salvage useable 
information 
Pre-processing to segment data by route or other designation 
to facilitate data referencing 

Data Referencing and Pile Construction 

Conversion from vehicle-specific files to master data file 
Location matching to identify stop location 

Management Information 

Statistical and summary reporting 
Schedule adherence comparisons with run sheets 
Schedule construction 

Data Management 

Data archiving and housekeeping including updating and 
destruction/retention of historical data 

Diagnostic Reports 

Sensor accuracy tests 
Memory capacity 

portion of the data processing effort. This includes the creation 
of aggregate files, updating these files, and archiving historical 
information. 

Data processing involves a number of economic trade-offs. 
Some involve only the software itself and others require addi-
tional hardware to achieve less software, less processing, and 
fewer errors. Regarding software, there are decisions such as 
whether data should be stored in an aggregated form that di-
rectly corresponds to specific reports or whether an extensive 
data base management system providing reporting flexibility 
should be maintained. Use of signposts is an example of the 
hardware/software trade-offs. With signposts at time points, 
data referencing to time points becomes more or less a simple 
look-up procedure. Without signposts, identification of trip ends 
and intervening time points depends on time and/or distance 
matching. Time matching tends to be unreliable; while distance 
matching, to be effective, requires considerable programming 
and additional processing costs. Both vehicle-hours and vehicle-
mileage (time and distance) vary by operator, traffic conditions, 
and the number of stops made. 

Tables 1-8 and 1-9 provide checklists for identifying the soft-
ware programs and external data files needed to support an on-
board data collection system. 



Table 1-8. Software development checklist. Table 1-9. External data file checklist. 
Program Need 
(Check One) File Need (Check One) 

Program Name Program Description5  Essential 	Desired File Name File Description5 	 Essential 	Desired  

Unpack Data Program to convert data from 
the packed decimal format 
(four-bit BCD reppresentation Data Conditions External file used to maintain weather, 
recorded on-board to the school, holiday conditions, etc. to label 
eight-bit ASCII format 

dated data. for data processing x 
Back-Tag Data Program converts (recon- 

structs) recorded time/date Deadhead Distance Defines distance between all route 
based on reference time pro- 
vided by retrieval unit. terminals including turnaround points.  
(Required in systems using 
microprocessor cycles as Performance Standards Contains all service standards used for clock-based systems—data 
discarded if mismatch comparison in the various management 
detected.) reports.  

Vehicle Identification Identifies vehicle number 
from on-board unit number Route Distance Measured distance from the route 
by referencing' external file. x terminal to each time point along 

Date Segmentation Segments data into date- 
the route. specific data blocks and - 

classifies date by day of 
week, weather, school day, Route Geography Identifies locations corresponding 
etc. 	(Desirable in all 
systems but may be foregone to each signpost number. 
if data collection procedure 
provides this segmentation & Running Time Scheduled running time between time labelling.) 

points (used to calculate rimning time 
Block Identification Identifies vehicle block deviations). 

number associated with each 
data segment. 	(Required in 
all systems to determine run/ Schedule File Contains vehicle schedule including all 
route/driver assignments schedule times and runlroute assignments corresponding to the recorded 
data.) x within each vehicle block. 

Signpost Identifies the physical System Assignment Identifies vehicle number of each Referencing location of the bus based 
on signpost numbers recorded. installed data collection unit. 
(Applicable only in systems 

Time 
deploying signposts.) 
Identifies trip start/end Vehicle Dispatch Identifies vehicle assignments made on 

Referencing points based on detecting each date. 
layovers, i.e., intervals 
where no vehicle movement 
occurs for a specified time, 
from the data. 	(High data *5cc Appendix I..E for detailed description of each file. 
loss potential if this is 
only means of detecting 
trips.)  

Distance Identifies trip start/end 
Referencing points and locations along 

the route based on matching 
recorded mileage with known 
route distances. 	(More 
complex than tioebssed ref er- 
encing but potentially more 
accurate.) 

Manual Adjudication Special software routines 
that permit data inspection 
and editing by computer 
operator to salvage data 
wherepossible.  

Vehicle Profiles Graphical representations 
of passenger loading 
characteristics. 

5See Appendix I.D for additional descriptions. 
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CHAPTER 1.4 

DETERMINE SYSTEM SIZE 

Once the hardware and software configuration has been es-
tablished, the next activity is to determine the amount of equip-
ment necessary to implement an on-board, automatic data 
collection system. This section presents step-by-step procedures 
and worksheets for estimating how much equipment is required 
to meet the management information needs identified in Chapter 
1.3 or in other data collection program design, with the exception 
of specialized AVM applications of on-board automatic data 
collection systems. 

The premise of these procedures is that reliable data on ri-
dership, schedule adherence, and fare collection can be obtained 
from a representative sample of bus trips. The determination of 
appropriate amounts of equipment involves trade-ofi's between 
acceptable data accuracy and overall system costs. The sizing 
methodologies presented here are structured to permit transit 
agencies to analyze the implications of these trade-offs. 

4.1 ESTIMATE EQUIPPED BUS REQUIREMENTS 

The number of equipped buses required to implement an 
automated data collection system at a transit agency is depend-
ent on several site-specific factors. Generally, the most signifi-
cant factors are: 

Sampling strategy for collecting the data. 
Number of operating divisions or garages. 
Expected reliability of the data. 
The number and distribution of coach types. 
Special study requirements. 

Background information on these and other issues that may 
affect equipped bus requirements is provided in Appendix I.F. 

Two procedures that take into account these factors are pre-
sented below. The differences between these procedures reflect 

the two most common approaches to data sampling at bus transit 
agencies: systematic sampling and statistical sampling. System-
atic sampling is accomplished by methodically assigning the 
equipped buses to different routes for the same number of days 
during each driver signup or seasonal schedule period. Statistical 
sampling is accomplished by varying the number of days 
equipped buses are assigned to individual routes to reflect the 
variability of ridership patterns on different routes. The sampling 
strategies and the advantages and disadvantages are described 
in Sections 4.1.1 and 4.1.2. Transit agencies should review the 
introductory material of both procedures and select the most 
appropriate method. 

Both procedures for estimating equipped bus requirements 
are based on the following assumptions: 

Data collection requirements for the largest peak period 
will dictate the number of equipped buses required. If sufficient 
equipment is purchased to obtain the data for this time period, 
it will be adequate to cover all other time periods. 

Route interlining and trippers will not have a major impact 
on equipped bus requirements at most transit agencies. Some 
transit agencies may need to increase the equipped bus estimates 
to account for these operating characteristics. 

Equipment requirements will be directly influenced by the 
reliability of the automated data collection system: accuracy of 
counting sensors, the approach used for location referencing, 
and reliability of the vehicles. Conservative estimates of equip-
ment reliability factors are provided for typical system config-
urations. 

Estimates based on typical routes can be used to determine 
equipped bus requirements. Individual route data collection re-
quirements can be met by assigning more equipment to routes 
with higher sampling needs and less equipment to other routes. 

It is not necessary to saturate a route with equipped vehicles 
in order to obtain adequate data. In fact, this practice tends to 
generate data that are biased by external factors such as weather 
or traffic conditions. The statistical accuracy of the data will 
be better if data are collected at different times selected ran-
domly. 

4.1.1 EstImating Equipped Buses Needed for 
Systematic Sampling 

Systematic sampling is accomplished by methodically assign-
ing the equipped buses to different routes or route blocks for 
the same number of days during each data collection period 
(i.e., driver signup or seasonal schedule change). Generally the 
goal is to obtain 3 to 5 valid data points on each vehicle trip 
or driver assignment during each data collection period. Such 
goals are usually established as the result of expert opinions 
expressed by schedule-makers, planners, and other professionals 
in the scheduling department. In fact, schedulers frequently 
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perceive that a minimum of 5-days data each data collection 
period is imperative to obtain useful information. 

From a practical viewpoint, this approach is relatively simple 
to implement because it is compatible with typical servicing and 
dispatching procedures. Systematic sampling is conceptually 
simple and does not require extensive prior data collection to 
implement. This approach is suitable to meet a range of transit 
agency data needs from annual systemwide data to route seg-
ment data by time period. 

However, this process does not guarantee that the data col-
lection for indvidual routes will yield estimates at the same 
prescribed level of confidence. Routes with stable ridership may 
not need the prescribed amount of sampling, while routes with 
fluctuating ridership may require much more sampling. How-
ever, where the overriding concern is not statistical accuracy 
but the acceptance and use of the data by participating depart-
ments, this policy-oriented approach may be deemed the only 
acceptable procedure despite a certain lack of statistical "pu-
rity." 

The systematic sampling approach does not preclude the pos-
sibility of obtaining statistically reliable data. The initial data 
collected can be used to develop individual route sampling plans  

as time and experience with the system progresses. Differences 
between routes can be accommodated by selectively changing 
the sampling scheme to include mere data collection where 
necessary. As the system matures, equipped bus requirements 
can be modified, if necessary, to accommodate unique system 
characteristics. Appendix I.F provides information and proce-
dures that can be used to evaluate the statistical reliability of 
route level data. 

Table 1-10 contains the worksheet for estimating the number 
of equipped buses needed for systematic sampling. As noted on 
the worksheet, the first step is to select the appropriate system-
atic sampling scheme. Typical policies adopted in current ap-
plications of automated data collection systems (5. 6) are: 

One 3-day check per data collection period. 
One 5-day check per data collection period. 
Two 5-day checks per data collection period. 
Two 3-day checks per data collection period. 

Three-day schemes are used where day-of-week differences 
are not a major concern to transit management. Where day-of-
week information is important, a 5-day check is appropriate. 

Table 1-10. Systematic sampling equipped-bus requirements worksheet. 
1. PRELIMINARY: 

Select systematic sampling scheme (Section 4.1.1). 
Identify the weekday peak period (AM or PM) requiring the 
largest number of vehicles. 
Identify appropriate geographic division (systemwide or 
operating division). Separate worksheets should be 
completed for each operating division. 

2. PEAK PERIOD SAMPLE SIZE: 

S 	(B x D) 
peak period vehicle blocks to be sampled for 
the system or operating division in each data 
collection period 
the total number of scheduled vehicles or vehicle 
blocks in largest weekday peak period 

- the number of days of data desired (i.e., 3, 5, 10) 

3. NUMBER OF AVAILABLE SAMPLING DAYS: 

Count the number of weekdays in the data collection 
period and subtract holidays, the first week of 
service change period, etc. 

4. RELIABILITY FACTOR: Select reliability factor from 
Table 1-11. 

5. 	MINIMUM NUMBER OF EQUIPPED BUSES: Divide the peak 
period sample size by the number of available 
sampling days and reliability factor. 
(line 2 -- line 3 ~ line 4) 

6. ADDITIONAL NUMBER OF EQUIPPED BUSES: 

If transit agency has multiple coach types, 
and/or coaches dedicated to specific routes, 
increase the number of equipped buses by 10. 
(line 5 x 0.1)  

and 
The number of buses reserved for special 
studies. 

EQUIPPED FLEET SIZE: Add lines 5 and 6.  



Table I-il. Equipment reliability factors.' 

Data Collection System with passenger 	 0.60 
counters, but no signposts 

Passenger Data Collection System with 	 0.70 - 0.75 
passenger counters and signposts 

Data Collection System with passenger 	 0.65 - 0.70 
counters, electronic fareboxes, and 
signposts 

Data Collection System with passenger 	 0.60 - 0.65 
counters, multiple fare collection 
equipment, and signposts 

'RelIability Factors include corrections for bus breakdowns, data 
collection equipment breakdowns, missed data collection assignments, 
bad data, and unidentifiable data. Some transit agencies have 
reported lower reliability factors. However these factors are 
considered to be realistic given improvements in equipment reliability 
and software design. 

42 

However, scheduling a 5-day sample can be complicated if data 
are missed or are invalid. 

Repeated sampling (i.e., two checks per data collection period) 
can improve data reliability. The advantage of repeated sampling 
is that ridership patterns could be analyzed independent of 
schedule changes. For example, data taken early in a service 
change period could be compared with data taken later in the 
period. 

4.1.2 Estimating Equipped Buses Needed for 
Statistical Sampling 

In statistical sampling, route-level sampling requirements for 
individual routes are developed to ensure that the data meet 
prescribed confidence and tolerance levels (1). The number of 
trips to be sampled for each route depends on the variability of 
ridership. For example, a stable route may require only 1 or 2 
days of limited data collection, while a new route might require 
a 10-day sample of all trips to obtain accurate ridership forecasts. 
Once individual route sampling requirements are determined, 
an estimate of the number of equipped buses can be made. 

This approach generates statistically reliable data for all 
routes, meets UMTA's Section 15 requirements, and typically 
reduces the number of equipped buses as compared to the sys-
tematic sampling approach. However, there are some drawbacks 
in implementing it with automated data collection systems. The 
major difficulty with the approach is that the statistical validity 
is based on the assumption that all trips can be sampled ran-
domly. This is more readily accomplished with manual checkers 
who can move from bus to bus. With an automated system 
where the equipment is assigned to vehicle blocks, usually with 
multiple trips per route, random trip sampling can only be 
achieved by selecting from the trips surveyed. In general, larger 
samples and thus more equipment may be required than sug-
gested by research in this area to date (7). 

UMTA-sponsored research has developed a method for de-
signing a comprehensive statistically based data collection pro-
gram that may be used to generate route-level sampling plans 
(1). However, because this method requires extensive prior data 
and complex procedures, it may not be wholly appropriate for 
estimating equipped-bus quantities. 

An adaptation of the comprehensive statistical sampling ap-
proach is presented in Table 1-12. The worksheet estimates the 
sample and equipment requirements for the average or typical 
route. Systemwide requirements are derived by simply scaling 
up these route-specific requirements to cover all routes. The 
premise in this approach is that the resulting equipment re-
quirements will be adequate to ensure a statistically valid sample 
for all routes because equipment excesses on some routes will 
be shifted to make up equipment deficiencies on other routes. 
Provided the characteristics of the system's routes do not greatly 
deviate from a normal distribution, equipment schedule adjust-
ments will accommodate route variations. 

In order to complete the worksheet in Table 1-12, statistical 
measures of ridership fluctuations are required. The coefficient 
of variation is used here and in related UMTA-sponsored re-
search (1, 8, 9). Default values provided in Steps 3 and 4 are 
average values derived from these sources. Information that can 
be used for evaluating the default values is provided in Appendix 
I.F. Transit agencies which prefer to develop exact sampling 
plans for individual routes should use the procedures outlined 
in the "Bus Transit Monitoring Manual" (1) and enter the 
results on line 11. 

4.2 ESTIMATE SIGNPOST REQUIREMENTS 

The number of signposts required depends on the transit 
agency's management information needs and the level of ac-
curacy required for stop record identification. The worksheet 
in Table 1-14 includes two basic implementation options for 
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Table 1-12. Statistical sampling equipped-bus requirements worksheet. 
1. PRELIMINARY: 

Identify the weekday peak period (AM or PM) with the 
largest number of vehicle assignments. 
Determine if transit agency-specific values for the 
coefficients of variation are desirable and if data are 
available to estimate these values. If agency specific 
values are used, obtain a copy of the Bus Transit 
Monitoring (BTM) Manual (7). 

C. 	Identify appropriate geographic division (system-wide or 
operating division). Separate worksheets should be 
completed for each operating division. 

2. AVERAGE DAILY NUMBER OF PEAK PERIOD TRIPS PER ROUTE: 

T 	S-- R 

T the average number of scheduled peak direction, 
trips per route in largest weekday peak period. 

S 	the total' number of scheduled peak direction, 
trips in largest weekday peak period. The estimate 
should only include trips which have at least 
fifty percent of the schedule in the peak period. 

R the number of routes served in the largest weekday 
peak period. 

3. WITHIN-DAY COEFFICIENT OF VARIATION: Estimate the 
variance of ridership on different trips within the 
peak period using information provided in Appendix I.F. 
Default: 0.45 

4. BETWEEN-DAY COEFFICIENT OF VARIATION: Estimate the 
variance of ridership on peak period trips on different 
days using information provided in Appendix I.F. 
Default: 0.15 

5. AVERAGE DAILY NUMBER OF SAMPLED TRIPS PER BUS: 
Estimate the average number of round trips per bus 
in the largest weekday peak period. Default: 2 

6. AVERAGE NUMBER OF DAYS SAMPLING REQUIRED ON AVERAGE ROUTE: 
If default values for lines 3 and 4 are used, select 
appropriate values from Table 1-13. For other coefficients 
of variation consult Volume 2 of the BTM Manual and 
assume a 10 percent tolerance level. 	 - 

7. TOTAL NUMBER OF SAMPLING DAYS REQUIRED: Multiply the 
average number of sampling days by the total number of 
routes (R) from Step 1. (Line 6 x R) 	 - 

8. NUMBER OF AVAILABLE SAMPLING DAYS: Count the number 
of weekdays in the data collection period and subtract 
holidays, the first week of service change period, etc. - 

9. RELIABILITY FACTOR: Select reliability factor from 
Table 1-11. 

10. MINIMUM NUMBER OF EQUIPPED BUSES: Divide the total 
number of sampling days required by the number of 
available sampling days and reliability factor 
(line 7 —. line 8 —' line 9) 

11. ADDITIONAL NUMBER OF EQUIPPED BUSES: 

Increase the number of equipped buses by 10 
percent if a transit agency has multiple coach 
types and/or coaches dedicated to specific 
routes (line 10 x 0.1) 	 - 

and 
The number of buses rese:ved for specIal 
studies. 

12. EQUIPPED FLEET SIZE: Add lines 10 and 11. 

Table 1-13. Required sampling days!"' 

I 	 NUMBER OF TRIPS SAMPLED PER DAY 	I 
I 	NUMBER OF 	 BY ONE TRANSIT BUS 	 I 
I 	PEAK PERIOD 	 (LINE 5 OF TABLE 1-12) 	 I 
I 	TRIPS PER ROUTE 
I (LINE 2. TABLE 1-12)1 	2 	 3 	 4 	 5 	I 

4 	1 	27 13 6 	 - 
5 	1 	29 16 9 	 - 
6 	1 	31 18 12 	 9 
7 	1 	32 20 14 	 10 
8 	1 	33 21 15 	 11 
9 	1 	33 21 15 	 12 
10 	1 	34 22 16 	 13 
11 	1 	34 22 16 	 13 
12 	1 	34 22 16 	 13 
13 	1 	34 23 17 	 14 
14 	1 	34 23 17 	 14 
15 	1 	35 24 18 	 15 
16 	1 	35 24 18 	 15 
17 	1 	35 24 18 	 15 
18 	1 	35 24 18 	 15 
19 	1 	35 24 18 	 15 
20 	1 	35 25 19 	 16 
25 	1 	36 25 20 	 16 
30 	1 	36 25 20 	 16 
40 	1 	36 25 20 	 16 

This table assumes a 10 percent tolerance level, 10 percent 
confidence level, and the default values on lines 3 and 4 from 
Table 1-12. 

Adapted from Bus Transit Monitoring Aanual, Volume 2, Sample Size 
Tables. 

signposts: (1) minimum coverage—two signposts per route, and 
(2) comprehensive coverage—one signpost per time point. 

These two options represent the range of signpost require-
ments. Portable signposts may be a viable alternative to per-
manent installations at some transit agencies. For example, the 
minimum coverage option could be backed up by portable sign-
post transmitters. This would allow for more detailed route 
studies as necessary without installation of permanent signposts. 

In immenting the minimum option, a transit agency would 
be provided with two odometer corrections per route. Assuming 
two signposts per route provides a quick estimate, but it may 
lead to higher equipment requirements than necessary at many 
transit agencies. An alternative is to map the route structure to 
identify locations shared by multiple routes. This philosophy 
was used in Seattle to minimize signpost requirements and yet 
obtain two corrections per route. A ring of signposts around 
the central business district is used to obtain one of the signpost 
records. One other signpost record per route is obtained using 
common signposts to the extent possible. Locating the signposts 
in this manner requires some effort, but significant cost savings 
can result. Seattle has 250 signposts for 174 routes. 

Placement of signposts at time points provides improved run-
ning time data accuracy and stop-record identification. It would 
be particularly appropriate for transit agencies that require de-
tailed route segment data for schedule adherence and construc-
tion applications. Theoretically, comprehensive signpost 
coverage would reduce the amount of data that had to be dis-
carded because a location match could not be verified, and 
reduce the processing needed to associate individual data points 
with particular bus-stop locations. 

The cost-effectiveness of installing large numbers of signposts 
has not been tested in actual operation. Sensitivity analysis un-
dertaken in this research indicates that equipment and main-
tenance costs associated with deploying signposts at all time 
points would be approximately 20 percent more than the costs 
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Table 1-14. Signpost requirements worksheet. 

 

 

IMPLENTATION OPTION: 

Minimum Coverage: two 
odometer corrections per 
route. 

ESTIMATING PROCEDURE: 

Enter results of mapping - 
the route structure to 
determine common locations. 

Default: 2 signposts per route. 

Comprehensive Coverage: one 
	

Enter total number of 
odometer correction per 	 unique time points. 
time point. 

Default: 5 signposts per route. 

associated with the recpmmended configuration of two signposts 
per route. It is doubtful that offsetting benefits can be realized. 

4.3 ESTIMATE OTHER EQUIPMENT 
REQUIREMENTS 

The final step in determining hardware requirements is to 
specify the amount of supporting equipment required. Table I-
15 provides a worksheet for estimating the number of data 
retrieval units, status display units, and data transfer units. Other 
site-specific items should be added to the worksheet. This could 
include, for example, additional passenger counter sensors, 
odometers, wiring, and so on, for applications where the system 
controller will be transferred between vehicles. Diagnostic equip-
ment should also be included here. 

4.3.1 Data Retrieval Units 

The number of data retrieval units required will be a function 
of the following: 

The number of garages of operating divisions. 
Procedures to be implemented in accomplishing data trans-

fer. 
Technology option selected for external receiver unit. 
The number of data records to be generated. 

In estimating the number of external retrieval units to be 
required, transit managers must decide how the data retrieval 
functions will be integrated into existing transit operations and 
then calculate the number of units and spares required. 

Where portable data retrieval units are employed and data 
retrieval is not part of bus check-in or check-out procedures, as 
a minimum a transit agency should provide one data retrieval 
unit per garage, and one spare unit per five operating units to 
cover equipment failures. Providing a spare unit at each garage 
may be desired by some agencies. For those operating divisions 
where a large number of data records is to be generated routinely  

because of the number of equipped buses, a large number of 
retrieval units may be necessary depending on how frequently 
the data are dumped into the processing computer. 

If a transit agency implements noncontact external units and / 
or links data transfer functions with other bus check-in and 
check-out procedures such as fueling, fare collection dumps, or 
routing maintenance, the number of data retrieval units at each 
garage should be equal to the number of vehicle queues. Nor-
mally one spare for each five operating units would be adequate. 

4-3.2 Status Display Units 

One status display module for every 100 equipped buses is 
generally sufficient for effective monitoring of equipment per-
formance. A spare unit may be desired by some transit agencies. 

4.3.3 Data Transfer Units 

The data transfer unit is the device that is used to transfer 
the data from the data retrieval unit to the host computer. If 
remote data entry from individual garages is used, one modem 
per garage plus one system spare would be appropriate. If the 
intermediate storage media (e.g., cassette tape or floppy disk) 
are physically transported to a central facility for processing, a 
total of two devices will be adequate (one operating unit plus 
one spare unit). Transit agencies interested in estimating connect 
time should refer to Section 4.4.1. 

4.4 ESTIMATE  VOLUME OF DATA PROCESSING 

The volume of the data processing required for an automated 
data collection system will reflect the transit agency manage-
ment information requirements specified in Tables 1-2 and 1-3, 
the efficiency of software programs, and the number of records 
to be processed. Although it is extremely difficult to quantify 
data processing functions, it is important to attempt an estimate 
because of the impact on annual data analysis costs and the 
computer capacity required to support the data collection sys- 



Table 1-15. Other equipment requirements worksheet. 

1. DATA RETRIEVAL UNITS 

Enter the number of garages or operating divisions  

or 

Enter the number of vehicle queue points at each  
operating division. 

Enter desired number of spare units (one per five 
operating units).  

Compute data retrieval units required (add  
lines 1 and 2). 

2. STATUS DISPLAY UNITS 

Enter one unit per 100 equipped buses  

Enter desired number of spare units  

Compute status display units required  
(add lines 1 and 2) 

3. DATA TRANSFER UNITS 

Remote data transfer: enter the number of garages 

or 

Central data transfer: one unit 

b. Enter desired number of spare units (one spare)  

Compute data transfer units-required (add  
lines 1 and 2) 
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tern. Even more importantly, such an analysis provides managers 
with a gauge of the amount of data and paper that will result. 
If the results seem unreasonable, reevaluation of the system 
requirements may be appropriate. 

The worksheets provided in this section are aimed at providing 
an assessment of the size and scope of four key aspects of data 
processing functions: 

Volume of raw data to be handled. 
Magnitude of management and diagnostic reports. 
Data archive requirements. 
Computer facility requirements. 

4.4.1 Volume of Raw Data 

Data processing involves extracting required route and system 
level information out of the data collected by each vehicle. The 
magnitude of this processing operation is extremely difficult to 
quantify. It is not possible to determine the number of data 
calculations and data manipulations that will take place and,  

even if known, such values could not be translated into costs 
unless known software is used to provide a benchmark on a 
particular computer. Nonetheless, it is desirable to attempt some 
estimate of the magnitude of this operation. 

Table 1-16 provides one possible means for approximating the 
amount of data that will be processed. The estimated data input 
volume shown on line 5 or connect time on line 9 can be used 
by the transit agency processing center or computer services 
vendor to estimate processing costs where a mainframe com-
puter is used for processing. 

4.4.2 Management Information and Diagnostic 
Reports 

Developing and generating specific management and diag-
nostic reports is identified as a separate step from the general 
processing data in the previous step for several reasons. First, 
some additional software development effort can be associated 
with each report or output required from the system. Typically, 
the effort associated with this development is a function that 



Table 1-16. Data input volume worksheet. 

Enter number of equipped buses actually assigned to daily 
data collection activities. 

Default: 90 percent of total equipped buses unless 
experience differs. 

Enter number of records generated per bus per day. 

Default: 1,000 records per bus unless experience 
differ a. 

Enter average number of days per month sampled. 

Default: 22 days. 

Enter average number of bytes of data per record. 

Default: 13 without fare component; 28 with fare 
component. 

Calculate annual record volume. 

(12 z line 1 x line 2 x line 3) 

Calculate average daily record volume. 

(line 5 + 250) 

Calculate average daily bytes of data transferred 
to host computer. 

(line 6 x line 4) 

Enter data transfer rate from intermediate storage to 
host computer (assume 9,600 baud unless known different) 

Calculate average daily time consumed (in minutes) 
Inputting data to computer. 
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(line 7 line 8) 
60 

monotonically decreases with the number of reports generated, 
particularly, if a data base management system is used. That is, 
within limits, each additional report or output will cost less to 
program than the previous one. 

Second, the level of detail and the frequency of the manage-
ment reports and other outputs as identified in Table 1-3 drive 
several cost items. The greater the detail and the more frequently 
these outputs occur, the greater the cost will be for computer 
time, analyst time, printer and plotter costs, and data storage 
charges. 

Table 1-17 provides a general procedure for estimating the 
impact data detail and frequency will likely have on the printed 
output costs estimated in Chapter 1.5. These estimates also 
provide a general measure of the overall magnitude of this 
activity and how much printed output will be generated. A 
single numeric value is assigned to each row/column intersec-
tion using the estimator provided in each column heading. The 
values are multiplied in the last column and summed to produce 
a rough estimate of the volume of output that will be generated. 
At this point transit agency managers should take a critical look 
at the amount of data to be generated to determine whether the 
information can be used effectively. If the volume of data seems 
unreasonable, it may be desirable to scale down the amount of 
reporting initially specified.  

4.4.3 Data Archiving Requirements 

An often overlooked step (and cost) is the activity associated 
with maintaining an up-to-date data base and whatever historical 
record is required. Off-line data storage must be planned for all 
data that will be retained and charges will be incurred for 
maintaining the data. More significantly, considerable time and 
effort must be devoted to establishing the procedures by which 
data will be periodically reviewed, updated, and archived, as 
well as to maintaining a custodial role over this archive, in-
cluding data retrieval and reporting from historical files. The 
worksheet in Table 1-18 provides a procedure for estimating 
data storage requirements. 

4.4.4 Computer Facility Requirements 

Once general estimates of the size and scope of the data 
processing effort are obtained, one can begin to consider how 
the system will be implemented. For most large agencies, this 
step means summarizing the requirements posed by the data 
collection system and determining whether or not the existing 
computer facilities can accommodate the increased workload. 
This includes not only machine capacity but also programming/ 
analyst support. 
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Table 1-17. Management information report output worksheet. 

I 	 I Report Frequencyl Time of Day Interval I Data Seg.entationlPrinted Output Estimate 
I 	 I 4-Quarterly 	I S-limited Periods 	I lTrip/Rte Susm.l(Nultiply all columns togetherl 
INumber Of I 12Honthly 	I 24I1ourly Interval 	I 3Tirae Point 	Ito estimate approzi.ate lines I 

Report Name 	Ikoutes 	I 52MJeekjy 	I 96-15 Kin. Interval 	I S-Stop-by-Stop, lot orinted outout annuallvl 	I 

SectIon 15 

Ridership 

Running Time 

Schedule 
Deviation 

Overloading 

Revenue Statistics 

Fare ('.ategory 

Revenue Accounting 

TOTAL: 
(Sum last column.) 

Table 1-18. Report file size worksheet. 

Report Type 
(Eater Each Hajor Keporti 

INumber Ofi 
Routes 

Data Segmentation I 
I 	Approximate 
Ii'iie Size (5yte) 	I 
l(Hultiply all CoI.I 

Entries & Duuble)l 

(Enter 
I 

Number Of 

Number of Data 
I 
IDay of Week 

I Directiona (a)i ntervala(b)i lnLervais( b )I seeiIIa/Stops ( b ) IN.lntained 1c) 

Interval. Maintained, Enter 1 It Not Segmented) 
I 	 I 	 I 	 I 	No. 	of 
ITime of Dqy I 	Number 01 	INo. of RecçrilslStstistica 

lReported 4 ' 

Section 11 

Kiderahip 

I 
I Running Time 

r 

Schedule Deviutiou 
F 	I 
I 

I 

Overtoaditig 
r 
I 

1 
I 

I 
I 

I 
I 

Revenue Report I 
I 

I 
I 

lace Category 

Revenue Accounting I 

1. 	 cu•u UUl00000 (idle are neeueo, enter Z. 
(b)Sce Table I-I for typicai data segmentation categories. 
(c)Entry for Number of Records aaintaled ahould reflect how such data is retained in the active database. For example, if each new 

data point Ia used to calculate a new average and only the new average is retained, enter the value L Otherwise enter number of 
data puinta that will be dlatliiciIy retained. 

(d)Se Table 1-2 for typical statistics contained within each report type. 
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More frequently, costs will not be so straightforward and will 
have to be determined on the basis of estimated demands on an 
in-house or outside computing facility on the basis of input/ 
output, lines printed, plots generated, etc. For the present, the 
major concern is to attempt to characterize the type of data 
processing equipment that will likely be needed to support a 
particular proposed operation. As will be discussed in Chapter 
1.5, the type of processing equipment can have a significant 
impact on system cost. Table 1-19 summarizes the general char-
acteristics of typical hardware that could be considered for the 
various tasks of computing, storing, printing, and plotting the  

information. By comparing these capabilities, an overall view 
of the potential system requirements may be developed. A fairly 
good estimate of the restrictions certain equipment present and 
conversely of the types of equipment required to support spec-
ified operational levels can be obtained by comparing the esti-
mates derived for the automatic data collection system with 
Tables 1-17 and 1-18 with the capabilities presented in the Table 
1-19. In examining system requirements, assistance from the 
agency processing department or system vendor should be ob-
tained. 

Table 1-19. Representative equipment characteristics. 

C0UTER SYSTEMS 

System 
Type 

- 

Word 
Length 

Typical Internal 
Memory Capacity 

(Bytes) 

Representative 
Cost 

(Excluding Peripherals) 

Mainframe 32-64 bits 114 to 10 M+ $200K-Million+ 

SuperMini 32 bits 512K to 8 N $ 50K - $ 200K 

Mini 16 bits 256K to 4 M $ 20K - $ 	50K 

Advanced Micro 16 bits 128 K to 1 M $5,000410,000 

Micro 8/16 bits 64K to 640K $2,000- $5,000 

Representative 
Storage 

Device Type 	 Typical Application 	 (Bytes) 

Multiple Head, Multi 	 Mainframe 	 300 M 
Platter Disk 

Nine-Track Tape Mainframe 40 N 

Single Head Hard Disk Mainframe/Mini/Micro 10 - 40 M 

Eight-Inch Floppy Mini/Micro 1 H 

Five-Inch Floppy Micro 160 -320 K 

PRINTERS 
Representative 

Speed 
Device Type Typical Application (Lines per Minute) 

High-Speed Line Printer Mainframe 2,000 + 

Medium-Speed Line Printer Mainframe/Mini 1,200 

Low-Speed Line Printer Mainframe/Mini 200 - 400 

Dot Matrix Micro 100 

Daisy Wheel 	 Micro 	 25 



CHAPTER 1.5 

COST ANALYSIS 
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The potential costs of the on-board automatic data collection 
system are estimated after the amount of equipment has been 
determined. Step-by-step procedures and unit cost data for de-
veloping these cost estimates are presented in this chapter. 

5.1 ESTIMATE INITIAL CAPITAL EXPENSES 

The initial capital investment in automated data collection 
consists of: 

Data gathering hardware costs to include the equipment 
located on-board the vehicle, wayside equipment, and the hard-
ware required to extract data from the vehicle. 

Data analysis investment costs to include computer hard-
ware costs, if any, and the cost of developing the required 
software and external files. 

Miscellaneous initial costs to include operator, mechanic, 
or other training. 

5.1.1 Data Gathering Hardware Costs 

A worksheet for determining capital costs of the data gath-
ering hardware for an automated system is provided in Table 
1-20. The capital costs of the automated data collection are 
estimated by multiplying the results of the system sizing pro-
cedure in Chapter 1.4 with appropriate unit costs. To this es-
timate, additional costs for contingencies, shipping and 
acceptance, general and administrative requirements, installa-
tion, and spare parts are added. 

The worksheet contains unit prices for each module com-
ponent. These prices are based on data provided by equipment 
manufacturers. Where data were not available from equipment 
manufacturers, an estimate of the likely high cost of the com-
ponent is provided. This estimate is based on data available from  

electronic trade publications and expert judgment and should 
be interpreted as the upper limit; in other words, the cost should 
not exceed this amount. 

Where fare data are to be collected with the automated pas-
senger counting system and new fare collection equipment is 
purchased—fareboxes, pass readers, etc. —only the incremental 
costs associated with data collecting functions should be attrib-
uted to the data collection system. This research has found that 
the costs of modifications to a transit agency's fare collection 
system cannot be supported by the data collection system. 

Other costs related to the initial investment—contingencies, 
shipping and acceptance, general and administrative, installa-
tion, and spare parts—can be estimated as a percentage of the 
hardware costs. The values suggested in Table 1-20 generally 
reflect current industry practices. Spare parts requirements are 
lower than might be expected because the sizing procedures 
incorporate reliability factors for equipped vehicles. Spare parts 
would be limited to those items susceptible to damage (e.g., 
passenger counter sensors, data transmission units). If the data 
collection system is to be rotated among the buses, the extra 
cabling and brackets should be included in the worksheets. 

Where specific unit costs for individual suppliers are desired, 
transit agencies should contact suppliers listed in Appendix I.C. 
Specific manufacturer estimates would take into account equip-
ment order sizes, any site modifications, acceptance testing, and 
warranty requirements. 

5.1.2 Data Analysis Investment Cost 

Table 1-21 provides a worksheet for estimating the three cap-
ital cost components associated with data analysis: 

Computer facilities including peripheral devices to enter, 
process, output, and store the data. 

Software programs to process the data and extract man-
agement information. 

External files to reference and validate data. 

5.1.2.1 Computer Hardware 

As indicated in Table 1-21, computer hardware costs are 
incurred only if a microcomputer or a minicomputer is pur-
chased for the exclusive use of the data collection system. If a 
mainframe computer is used, processing costs are assumed to 
include capital recovery. The costs quoted for computer equip-
ment are general estimates based on trade publications. 

Careful consideration should be given to the type of computer 
facilities to be used. Some transit agencies may find dedicated 
computer facilities desirable because they can exercise more 
control over system development and day-to-day operations. 



Table 1-20. Data collection hardware cost estimate worksheet. 

Hardware item I unit prjce()_ 	(Chapter 1.4) 	Cost 	Cost 
1. Passenger Counter Sensors I 

$300 Photoelectric 
Switch Mats I 	$300 -35o(b) 	I 

2. Passenger Counter Electronics 2(c) 

3. Pars Category Counter 
Electronic Farsboz I 	$4000 
Pass Reader 1 	$500 

c 	Ticket Validator $1200 41300 
4. Odometer 1 	$120 
5. Signpost 

Wayside Transmitter 1 	$300 
1$800 - $loOo( on-Board Receiver & Antenna 

6. Manual Input Console 
a. Minimum Version 1 	$100 
b. Expanded Version 1 	$400 

7 	System Controller $1000 - 
8. System Memory 

Cassette 1 	$300 
Base Solid-State (to 32K) 1 	$400 
Expanded Solid State(to 64K) 1 	$500 

9. External. Control 1 	$1.00 
10. Status Display Device 1 	$1000 
11. Data Transmission: 	On-Vehicle 

0ff-Line (Physical. Con.) 1 	$50 
0ff-Line (Infrared Transc) I 	$125 
Real-Tine (Radio) 1 	$2000 

12. External Receiver: 	Operating Stationi 
a. Direct Cassette Transfer I 	$2000 
b 	Intern. Storage (Caseecte/ I 	$6000 

Disk) I 
c. Base Radio Station 120,000-40,000 

1.3. SUBTOTAL I 
(Sum Entries In I chru 12) 
conringsncy* io: 
Shipping and Anceptance(g) 101 

116. General and Administrative$ 20: 
17. 10 

Spare para(g) 51 
TOTAL HARDA&E COST 

I (Sum Entries In 13 thru 17)  

(a)Pricss include cabling and mounting brackets or hardware where required 
(b)ujt prices for passenger counter sensors are quoted per passenger stream. Costs assume 

two sensors per passenger stream. Quantity valui must be expressed In terms of the total 
number of doors on which sensors must be installed. For standard size bus, the number of 
sensors would be 2 x the number of buses. Double wide doors with two passenger streams 
should be counted as two doors. 

(C)p1.j5 quoted for passenger co*mcar electronics is for the separate logic board required to 
the modular system. 

(d)prjce quoted is for a new electronic registering farebox. Mon-regiatering electronic 
fareboxee can be upgraded at a cost of $500-1,000 per unit. 

(e)PrIce quoted includes antenna on vehicle as well as the on-board receiver required for the 
modular system. 
price quoted for system controller does not include interface electronics for other 
modules or memory. thase items are priced separately in the modular system. 

(g)uae line 13 to determine total cost. 

1,] 

Dedicated computer facilities can also produce substantial sav-
ings in processing costs compared to third-party time-share ar-
rangements. The research suggests that, at large transit agencies, 
an in-house mainframe can produce substantial benefits through 
lower processing costs and sale of excess computer time. At 
medium-size transit agencies, the cost of an advanced micro-
computer or midrange minicomputer would be rapidly offset by 
savings in processing costs with a payback of 2 to 5 years 
depending on the size of the system. 

In addition, after the automated data collection system is 
implemented, changing the type of computer facilities could be 
expensive. It is not a simple task to modify software written for 
one type of computer for use with another. In many cases, new 
software may be required.  

for automated passenger counting systems both without and 
with signposts. The estimates are based on judgments of the 
relative complexity of the programs constituting the overall 
management information system. Because software development 
is particularly difficult to estimate, a general sensitivity analysis 
should be undertaken to examine the effects of varying software 
development costs on total system costs. 

It is not uncommon for software development to exceed ex-
penditures for hardware because software development costs are 
relatively independent of transit agency size (5, 6). The basic 
software to assemble, edit, analyze, and report the data is in-
dependent of the size of the data collection system. Smaller 
transit agencies can expect to bear the same costs as larger 
agencies. 

5.1.2.2 Software Development 
	 5.1.2.3 External File Development 

Table 1-21 provides estimates of software development costs 	The costs associated with the set-up of the external files (see 
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Table 1-9) are almost exclusively labor costs. Staff time is re-
quired to collect the data that will be maintained in each file 
and to develop the computerized version of the file. The esti-
mates provided in Table 1-21 were developed from historical 
values to approximate the cost of developing these external files. 
More detailed estimates may be obtained by costing each file 
individually based on the resources that would have to be de-
voted to its construction. 

5.1.3 Other Miscellaneous Initial Costs 

Implementation of an on-board data collection system will 
involve some additional miscellaneous costs for training. Train-
ing programs for bus operators and mechanics have to be de-
signed. Vehicle operators should be familiar with the operation 
of the equipment, how to resolve anticipated problems, and how 
to handle the public's reaction to new equipment. The revised 
training program should also be incorporated into the new op-
erator training program. Where driver input is required, pro-
cedural manuals will have to be altered. The type and amount 
of mechanic training will be a function of existing skill levels  

and the modules selected for specific system configurations. If 
these costs are expected to be significant, transit agencies may 
desire to include them in capital cost estimates. Since specific 
information on these costs is not available, the costs of providing 
similar functions in a transit agency should be used as a base 
for estimating purposes. 

5.2 ESTIMATE ANNUAL OPERATIONS COSTS 

Annual costs for the automated data collection system include 
equipment monitoring and maintenance, data processing and 
storage costs, and staff costs. In addition, rotating equipment 
among buses is labor-intensive. Annual budgets should include 
the labor required for equipment transfer. A worksheet for de-
termining annual costs is contained in Table 1-22. 

5.2.1 Hardware Maintenance 

Automated equipment requires monitoring and adjustment 
and scheduled as well as unscheduled maintenance. Because of 

Table 1-21. Initial data analysis investment cost estimate worksheet (1983 dollars). 

1. COMPUTER FACILITIES 

Estimated investment in computer hardware including 
auxiliary storage and peripheral devices: 

Default: 
Mainframe application: Cost 0 
System-level application utilizing an advanced 
microcomputer: Cost $10,000 
Special purpose/limited application utilizing 
a low-range minicomputer: Cost - $30,000 
Management information system application utilizing 
mid-range minicomputer: Cost - $50,000 

SOFTWARE DEVELOPMENT 

Estimated investment in software development: 

Default:*  
System without signposts: $123,000 
System with signposts: $78,000 

EXTERNAL FILE DEVELOPMENT 

Estimated investment in creating external files: 

Default: 
If system schedules are currently automated and computerized 
schedule files are available: Cost 	$50 per peak vehicle. 
If current schedule is not automated and computerized schedule 
files must be developed: Cost $150 per peak vehicle. 

4. TOTAL DATA PROCESSING INVESTMENT 

(Sum lines 1, 2, and 3) 

*Default values are based on software cost analyses undertaken by the 
Economic and Cost Group of The MITRE Corporation using the Construc-
tive Cost Model (COCOMO) developed by Boehm in Software Engineering 
Economics, Prentice-Hall, Inc. (1981). The default values are based 
on estimates of the number of lines of code required and assume the 
report generator would be an off-the-shelf software package. 
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the relatively high maintenance requirements that have been 
associated with electronic fareboxes, annual maintenance re-
quirements for the passenger and fare collection hardware 
should be determined separately. 

5.2.1.1 Passenger Data Collection Hardware - 

To deter'mine annual maintenance costs, the capital costs of 
any fare collection equipment (electronic fareboxes, ticket val-
idators, pass readers) should be subtracted from the total system 
costs derived in Table 1-20 and the appropriate factor applied. 
The higher 18 percent factor should be used at transit agencies 
which may be required to increase mechanic salaries as a result 
of increased skill requirements. These cost factors are assumed 
to apply to maintenance performed in-house or by a contractor. 

In the past, 18 percent of the capital budget has been used 
as an estimate of annual maintenance expenditures. This value 
compares favorably with budget estimates from Cincinnati and 	5.2.1.2 Fare Data Collection Hardware 

Kalamazoo (5, p. 44 and p.  50). Seattle Metro reports that its 
maintenance costs are about 12 percent of the capital budget. 	Electronic fare data collection equipment, particularly reg- 

TbIe 1-22. Annual maintenance and operations cost estimate worksheet. 

1 • 	HARDWAR.E MAINTENANCE 

A. Passenger Data Collection Hardware: 12 to 18 
percent of hardware cost excluding fare collec- 
tion hardware (Table 1-20, line 13 - line 3).  
Default: 15 percent 

Fare Data Collection Hardware: Estimate incre-- 
mental maintenance cost for fare data collection 
equipment. Default: 1 mechanic per 100 data 
gathering fareboxes multiplied by local annual 
wage and fringe benefits rate.  

Computer Hardware: 12 percent of computer 
facilities cost (Table 1-21., line 1).  

2. 	DATA PROCESSING COSTS 

Comnuter Processing: Estimate annual charges 
for cost center or time share mainframe applica- 
tion. No cost for micro/mini computer application.  
Default: 
System without signpost reference: $0.004 per 

input record (Table 1-16, line 5). 
System with signpost reference: S0.0036 per 

input record (Table 1-16, line 5). 

Printed Output Cost: S0.001 per line output 
(Table 1-17). Default: $2.00 per equipped bus.  

Plotted Output Coat: $4.00 per graph. Estimate 
the number of graphs desired. Default: 12 graphs 
per route. 

3. 	STAFF  
Estimate the total staff costs to operate the system 
excluding hardware maintenance. 
Default: 

System Adnistration/Coordinatiofl/SuPPOrt 
0.50 person years (transit analyst or equivalent 
wage category) plus one fuil-time equivalent per 300 
peak-period buses. 

Management and Supervision: 
25 percent of labor costs associated with admini-
stration, coordination, and support. 

4. 	TOTAL ANNUAL O&M COSTS 

Sum lines 1, 2, and 3. 
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istering fareboxes, appears to be sensitive to environmental fac-
tors and some components have a short life. Extensive 
preventative maintenance is particularly critical for those units 
which have been upgraded for data collection so that bus down-
time is minimized. The incremental cost of maintaining this 
equipment should be attributed to the data collection system. 

Estimates of farebox maintenance requirements range from 
60 to 125 boxes per mechanic (10). Recent Southern California 
Rapid Transit District (SCRTD) analysis suggests one mechanic 
per 100 fareboxes may be representative (11, p.2). 

5.2.1.3 Computer Hardware 

Maintenance of computer hardware is only required where 
dedicated computer facilities are used. The 12 percent factor is 
based on a survey of maintenance contracts provided by com-
puter manufacturers.  

ing and managing the date collection system, with the exception 
of hardware maintenance. These costs include, but are not lim-
ited to, the effort required to coordinate and supervise the as-
signment of buses, review and verify data, update external files, 
analyze and interpret information, and develop reports. The 
estimates provided in the worksheet assume a comprehensive 
management information system in which a substantial effort 
is devoted to information interpretation and historical compar-
isons. A transit agency is encouraged to define its own require-
ments in this particular area. Staff costs quoted by most transit 
systems currently involved in automated data collection are 
lower than the default values. This is because a complete man-
agement information system has not yet been implemented or, 
alternatively, the cost accounting does not include all of the 
staff resources that are actually involved in data collection ac-
tivities. The latter may be especially true where data interpre-
tation is considered a planning, an operations, or a scheduling 
activity rather than a data collection one. 

5.2.2 Data Processing Costs 

The annual costs of data processing include computer proc-
essing costs and output costs as given in Table 1-22. 

5.2.2.1 Computer Processing 

For a mainframe application, computer costs are typically 
those charges by the supporting computer center or time-share 
service. It is virtually impossible to estimate these charges re-
liably because the cost will depend on the type of computer 
used, program efficiency, data loss rates, location matching ef-
fectiveness, and so on. 

The default values included in Table 1-22 are reasonable values 
to expect from an internal computer cost center based on the 
general amount of data handling and verification in typical 
automated systems. Time-share service costs are likely to be 
higher because they generally include a profit margin as well 
as capital recovery of facilities, connect time, and staff. 

If the annual costs of processing the data appear excessive, 
transit agencies should reconsider the possibility of purchasing 
a dedicated computer (see Section 5.1.2.1). If a microcomputer 
or minicomputer is used, annual data processing costs are as-
sumed to be zero. 

5.2.2.2 Output Costs 

The cost of generating hard copy output and graphics is 
similar for all computer hardware. The default values in Table 
1-22 are based on reasonable charges from a computer cost 
center. A microcomputer or minicomputer application will incur 
similar costs for paper, ribbons, and the like. 

5.2.3 Staff 

Staff costs include all labor costs associated with administer- 

5.3 ESTIMATE EQUIVALENT ANNUAL COSTS 

Analysis of the economic feasibility of various options for 
data collection requires comparisons of sums of money disbursed 
at various points in time. Evaluation techniques that take into 
account the time value of money or interest and recognize dif-
ferences in cash flow over time are required. 

Several procedural methods for analyzing the economics of 
investment alternatives are available. The method recommended 
here is the equivalent annual cost approach. In this approach 
a time discount factor reduces all cash expenditures occurring 
at different time periods to an equivalent uniform amount for 
each year of the analysis period. 

Table 1-23 provides a worksheet that can be used for calcu-
lating the equivalent annual costs for automated data collection 
system configurations. The equivalent annual cost is determined 
by applying the appropriate compound interest formula factors 
to major cost components for each alternative, and summing 
the annualized component costs (12). 

The recovery factors in Table 1-23 are based on a 10 percent 
discount rate, the discount rate specified by the Office of Man- 
agement and Budget for evaluations of Federal Government 
procurements (13). This discount rate represents the Federal 
Government's estimate of the average rate of return on private 
investment, before taxes and after inflation. 

The economic life of the data collection system is the number 
of years of service a transit agency expects to retain the specific 
data collection system that is being procured. It does not equal 
the physical life of individual modules. 

Some modules such as the passenger counter sensors may 
have to be replaced because of their relatively short physical 
life. Other modules such as the system controller will be useful 
for many years. The major issue for determining the life of the 
system is likely to be technology obsolescence. Transit managers 
may very well decide to replace a data collection system which 
is still functioning with one that uses improved technology. Ten 
years has been selected as the basis for overall system life on 
the basis of Seattle METRO's experiences. A 5-year life is as-
sumed for shorter life components. 
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Table 1-23. Equivalent annual cost estimation worksheet. 

Total 	Recovery 	Annualized 
Cost 	Factor 	 Cost 

Cost Component 	 (A) 	 (B) 	 (A x B) 

 Hardware Costs(a) 01627(b) 

(from Line 19, 
Table 1-20) 

 Incremental Cost 010105(c) 

Associated with 
Replacement of 
Items with Less than 
10 Year Life. 	(Sum 
of Total Cost in 
Lines 1, 11 & 12, 
Table 1-20) 

 Data Processing 016275(d) 

Investment (From 
Table 1-21) 

 Annual !4aintenance 100(e) 
and Operations Costs 
(From Table 1-22) 

 Total Annualized Cost 
(Sum lines 1 through 4) 

(a)4here Federal and State funds will be used for equipment procurement, 
the total hardware cost can be reduced accordingly, to determine the 
real cost to the transit agency. 

(b)lO percent discount rate and 10 year life. 
(c)Value indicated is for replacement in year 5. 
(d)Assumes software costs recovered in 10 years. 
(e)No discount factor is applied to annual costs. 

CHAPTER 1.6 

CONDUCTING BENEFIT ASSESSMENT 

DETERMINE COMPARABLE 
MANUAL DATA COLLECTION 

SYSTEM COSTS 
(Section 6.1) 

ANALYZE INDIRECT 
BENEFITS AND COSTS 

(SectIon 6.2) 

The cost analysis outlined in Chapter 1.5 provides only one 
part of the economic evaluation. It does not include an assess-
ment of the potential benefits that can result from implemen-
tation of an automated data collection system. Automated 
systems have the potential for lowering data collection costs 
compared to a similar manual data collection system. Improve-
ments in the quality of transit agency management information 
in terms of reliability, coverage, and availability can generate 
indirect benefits such as better management decision-making 
and operating cost savings. 

Although this assessment is optional, the results can play an 
important function in the agency decision to implement an on-
board, automatic data collection system. In particular it can 
provide the justification for the investment in the system. Be- 
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cause the type and magnitude of any benefits are directly related 
to conditions at a particular transit agency, the analysis is pre-
sented in a directed, but open-ended format to encourage ex-
ploration of a range of site-specific benefits. 

6.1 DETERMINE COMPARABLE MANUAL DATA 
COLLECTION SYSTEM COSTS 

As illustrated in Figure 1-3, the annual cost of an automated 
system can be less than that of a manual data collection system 
for a comparable data collection effort. At small transit agencies 
(less than 100 peak buses), the annual cost of an automated 
system would be comparable to the annual cost for a manual 
system. At larger transit agencies, the total annual cost of the 
automated system approximates the cost of the checker salaries 
alone and can be significantly lower than the total costs of 
manual data collection. 

Comparative analysis of the economics of an automated data 
collection system with a manual system should be based on 
comparable data collection activities. This is not generally equiv-
alent to the typical transit agency's expenditures for manual 
data collection programs. Generally, manual data collection 
systems collect fewer data items, less frequently. In many cases, 
vehicle operators provide some or all of the data. 

Table 1-24 provides a worksheet for estimating the costs of 
a comparable manual data collection system. This procedure 
assumes a data collection effort comparable to an automated 
system in terms of both the amount and accuracy of data col-
lected. It also assumes that automatic data processing is used 
for manual systems. Transit agencies that intend to replace their 
current manual data collection program with a comparable au-
tomated system should use historical records to complete Table 
1-24. For other transit agencies, default values are provided for 
completing the worksheet. 

6.1.1 Cost of Data Collection 

The cost of collecting the data includes the salaries of manual 
checkers and administrative/supervisory personnel needed to 
train checkers and monitor data collection. 

6.1.1.1 Manual Checker Costs 

Estimates of checker staff size requirements for bus systems 
of different sizes were developed in conjunction with the sta-
tistically based sampling plan developed by Attanucci (I, p.  8). 
The results are included in Table 1-25 and may be used to 
estimate the number of checkers needed based on the number 
of peak period buses and the level of data required. The lower 
end of the range is appropriate for transit agencies desiring 
systemwide data, while the upper limit reflects checker staff 
sizes necessary for route level analysis. 

These manpower estimates assume point or peak load checks 
to supplement on-board ride checks. The estimates also assume 
that every route of the system is monitored four times a year 
(i.e., four data collection periods each year). If more or less 
frequent monitoring is desired, these requirements should be 
changed correspondingly. These guidelines provide for sufficient 
personnel to cover all data collection activities, not just for peak 
hours. 

Ideally checker salary and fringe benefits should be based on 
local wage scales. The-default value included in Table 1-24 is 
reported in other research and approximates the salary and 
fringe benefits at several transit agencies (5, p.  50). 

6.1.1.2 Administrative and Supervisory Personnel 

Administrative and supervisory staff are required for sched-
uling traffic checkers, data analysis, and other management 
responsibilities. Staff requirements will depend on checker staff 
size and scheduling complexity. However, a conservative average 
of 1 per 20 checkers can be used as an estimate. Local wage 
rates should be used to estimate annual costs. 

6.1.2 Data Processing Investment 

The initial cost of a manual data collection system includes 
the cost of acquiring computer facilities and development of 
software to analyze the data. As noted in Table 1-24, the initial 
cost of these items should be amortized in estimating the an-
nualized cost of the manual data collection system. 

6.1.2.1 Computer Facilities 

Capital costs are involved only if a microcomputer or a mini-
computer is purchased for the exclusive use of the manual data 
collection system. Storage and processing requirements for a 
manual data collection program are expected to be lower than 
the requirements for an automated system and less sophisticated 
equipment can be used. 

6.1.2.2 Sware Development 

There is a relatively high initial start-up cost for software 
development and external file creation even for small agencies. 
The sum of $135,000 has been suggested as an informed estimate 
for software development (5, p.  51). However, if compatible 
software can be acquired, the cost could be less. Some transit 
agencies (e.g., SCRTD in Los Angeles, Metropolitan Transit 
Commission (MTC) in Minneapolis-St. Paul, Massachusetts Bay 
Transit Authority (MBTA) in Boston) have developed software 
to analyze point and ride check counts, as well as some other 
types of transit performance data (such as revenue). These pro-
grams are usually made available to other agencies at no cost 
upon request (1, p. 80). The default value used in the worksheep 
assumes that significant savings in software development can 
be achieved by taking advantage of such industry sharing ar-
rangements. 

6.1.3 Annual Maintenance and Processing Costs 

The manual data collection system will also require expend-
itures for computer maintenance if dedicated computer facilities 
are purchased, as well as data entry, data processing, and staff 
costs. Compared to an automated system, the data processing 
activities in a manual data collection program will have higher 
data entry costs and lower processing costs. 



Table 1-24. Manual data collection cost estimation worksheet. 
1.. COST OF DATA COLLECTION 

Manual Checkers: Determine number of manual  
checkers required and multiply by prevailing 
annual wage and benefit rate. Default: Select 
value from Table 1-25 and assume t23,000 annual rate. 

Administrative/Supervisory Personnel: Determine  
staff requirements and multiply by prevailing 
annual wage and benefit rate. Default: 1 person 
per 20 checkers with $35,000 annual rate. 

2. DATA PROCESSING INVESTMENT 

Computer Facilities: Estimate investment in 
computer hardware and multiply by 0.16275 capital 
recovery factor. Default: Assume 50 percent of 
automated system cost from Table 1-21 and multiply 
by 0.16275 capital recovery factor. 

Software Development: Estimate investment in  
software and multiply by 0.16275 capital recovery 
factor. Default: $50,000 initial cost or t8,100 
annual cost. 

3. MAINTENANCE AND OPERATIONS COST 

Computer Maintenance: 12 percent of total capital  
investment in computer facilities. 

Data Entry: Use historical records. 
Default: tl,000 per checker per year. 

Data Processing: Use historical records.  
Default: 80 percent of automated system costs 
from Table 1-22, lines 2A, 2B, and 2C. 

Data Processing Staff: Use historical records. 
Default: 80 percent of automated system costs from 
Table 1-22, line 3. 

4. TOTAL ANNUAL COST OF MANUAL DATA COLLECTION  

Sum lines 1, 2, and 3. 
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61.3.1 Computer Maintenance 

A survey of computer manufacturers' service contracts in-
dicates that the annual cost of computer maintenance will be 
approximately 12 percent of the total initial cost. 

6.1.3.2 Data Entry 

Generally it is necessary to transcribe the handwritten data 
on the completed forms to another medium that is capable of 
being read and interpreted by a computer. (Automated data 
entry devices and portable computers are being developed that 
could eliminate this step. An assessment of the cost implications 
is not possible at this time.) Data transcription is time consum- 

ing, error prone, and requires trained personnel. Studies have 
shown that of all errors detected in the data, only about 15 
percent of the errors occur in the source data content, with the 
remaining 85 percent introduced through data transcription (14, 
p. 481). Salaries of data entry personnel can represent as much 
as 80 percent of the total cost of data preparation (14, p. 4815. 

The default value for data entry in Table 1-24 assumes data 
entry will require approximately one-half hour per checker day 
(i.e., $5.00 per checker day with each checker working 200 days 
on the average). Actual costs are expected to be higher than 
these estimates. For example, one transit system reports its 
checker staff of 30 (including three field supervisors and one 
field coordinator) requires 18 people for data entry. A conserv-
ative value was chosen deliberately in order to favor the manual 
system in the comparison of manual and automated programs. 
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6.1.3.3 Data Processing 
	 6.2 ANALYZE INDIRECT BENEFITS AND COSTS 

Because of the potential errors, the computer itself may have 
to carry out extensive checking of the validity of the data and 
may have to access other files for confirmation through a process 
that closely resembles the procedures used in an automated 
system. However, the total cost of the processing is expected to 
be less than in an automated system because fewer records are 
involved and because the data obtained through manual check-
ers is already annotated to identify run, route, location, etc. 
Data processing costs are assumed to be approximately 80 per-
cent of the processing costs associated with an automated sys-
tem. 

6.1.3.4 Staff 

Staff costs associated with manual data collection will not be 
significantly less than staff costs associated with an automated 
system. Assuming a comprehensive management information 
system, many of the activities associated with administration, 
coordination, support, and management are required. In the 
absence of historical values for comparison, 80 percent of the 
staff costs of the automated system should be assumed. 

6.1.4 AnalysIs of Results 

The equivalent annual costs of the automatic data collection 
system and the manual data collection system are estimated in 
Tables 1-23 and 1-24, respectively. In strict economic terms, the 
alternative with the lowest equivalent annual cost is the most 
feasible. It is the alternative that minimizes the data collection 
cost to the transit agency where the indirect benefits and costs 
are equal. As discussed in Section 6.2, there are significant, 
potentially quantifiable as well as intangible factors associated 
with implementation of an automated data collection system 
which suggests the options are not equal in benefits. 

To the extent an automated data collection system improves 
the quality of data and data turnaround time at a transit agency, 
the system can have beneficial effects on the management de-
cision-making process and agency productivity and efficiency. 
At the same time, however, introduction of sophisticated elec-
tronic equipment and the changes in operating procedures that 
are required as a result can increase some operating and main-
tenance costs and in some instances may represent a major 
barrier to implementation of automatic data collection systems. 
A list of potential benefits and costs is provided in Table 1-26. 

The potential dollar value of the benefits and costs contained 
in the checklist is directly related to conditions at a particular 
transit agency, particularly the quality of each transit agency's 
current data collection program and schedule efficiency. It is 
difficult to speculate in advance what benefits may occur and 
the magnitude of any potential benefits. Some significant benefits 
of automated data collection systems (i.e., improved manage-
ment decision-making) cannot be expressed in monetary terms. 

These difficulties should not imply that these potential benefits 
are insignificant and should not be considered. On the contrary, 
decision-makers frequently use unquantifiable benefits to justify 
proceeding with investments which appear to be marginal or 
nonproductive in financial terms, (15, pp.  3-16). 

Since dollar estimates of the benefits and costs are tenuous, 
a qualitative approach is recommended. Using Table 1-26 as a 
guide, the potential for achieving any of the benefits or incurring 
any of the costs should be determined. A discussion of the 
conditions associated with the various benefits and costs is pro-
vided in the following to assist in this analysis. Other site-specific 
issues should be added to Table 1-26. 

6.2.1 IndIrect Benefits 

An on-board automatic data collection system can improve 
the reliability, quantity, and timeliness of transit management 
information. Data improvements provide several opportunities 

Table 1.25. Manual checker staff size requirements. 

Peak Period Buses Nuaber of Checkers Required 

Systeawide 	Route Level 
Data 	 Data 

25 .25 	 1 

50 1 	 2 

100 1.5 	 4 

300 3 	 7 

500 6 	 13 

750 8 	 15 

1000 10 	 19 

2000 20 	 38 

Source: Attanucci, J., I. Burns and N. Wilson, "Bus Transit 
Monitoring Hanual, Volume I: Data Collection Program Design," 
Multlsystems, Inc., August 1981. 
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Table 1-26. Benefit assessment checklist. 

BENEFITS 

Improved Management Decision-making 

Schedule Improvements 

Vehicle Fleet Reductions 

Vehicle O&N Cost Reductions 

Personnel Cost Reductions 

Service Improvements 

Reduced Administrative Costs 

Schedule Development 

External Reporting Requirements 

Manual Checker Staff Size 

Fare Collection Efficiencies 

Bill Processing Cost Reductions 

Reduced Fare Underpayment 

Revenue Security Improvements 

COSTS 

Vehicle Dispatching and Scheduling 

Vehicle Pull—in Procedures 

Driver Responsibilities 

Vehicle Downtime 

Bus Clean!ng 

to make productivity and efficiency improvements and free sys- 	making structure. The importance of any of these time benefits 
tem resources that in turn can be translated into cost reductions 	is subjective and will vary from one transit agency to another, 
or improved service, 	 even among managers in a given agency. 

6.2.1.1 Improved Management Decision-Making 

The most significant incremental benefit of an automated 'data 
collection compared to a manual program is related to time 
savings. Data from the automated system will generally be avail-
able sooner and in greater quantity than a comparable manual 
data collection program. For example, in Seattle, data are typ-
ically available within one week of data collection. The avail-
ability of route summary statistics is a function of the sampling 
strategy selected rather than the time required for processing. 
An exception is discussed in Section 6.2.1.3. This quicker turn-
around time facilitates improved transit decision-making in sev-
eral ways: 

Decisions can be made at an earlier date. 
Potential problem areas can be identified at an earlier date. 
Managers can gain time in making decisions. 
More choices and impact analyses can be made. 

The extent of these benefits depends on the current quality 
of the data and data turnaround time, and the opportunities for 
faster decision-making provided by the management and policy- 

6.2.1.2 Schedule Improvements 

Reliable passenger and running time data can be the basis 
for developing and optimizing schedules and for readjusting 
routes and vehicle assignments to respond most effectively to 
overall demand. Good data enable schedulers to free buses on 
some routes by lengthening headways without degrading a pas-
senger's perception of service (i.e., average wait time or average 
load). Where schedule improvements can be translated into fleet 
productivity improvements, capital, operating and payroll sav-
ings can result (15, p.  5-1 to 5-7). The potential dollar value of 
schedule improvements depends on the quality of the current 
data collection program and schedule efficiency (15, p.  4-2 and 
4-3). 

Vehicle Fleet Reductions. Vehicle capital savings could re-
sult from reductions in the number of buses required to produce 
the same level of service. Such savings are typically not realized 
by selling excess vehicles, but by avoiding normal replacement 
purchases. Therefore, savings would be realized at the fleet 
replacement rate. 

Vehicle O&M Cost Reductions. Reductions in fleet size gen-
erally lead to lower overall vehicle operating costs. Although a 
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substantial portion of operating costs is tied directly to vehicle 
mileage, other cost elements do not vary with mileage. The first 
category includes fuel, tires, and most periodic maintenance; 
the second category, insurance and some time-dependent main-
tenance. 

Personnel Cost Reductions. In some cases, the number of 
positions that can be saved is tied directly to the number of 
vehicles saved; in other cases, it is determined by the reduction 
in operating hours. Legal, labor, and community practices limit 
management's freedom of action in realizing staff reductions. 
Staff savings may not be achieved immediately, and must usually 
be realized through attrition over a period of years. 

Service Improvements. Schedule improvements should en-
hance the quality of service provided to passengers (actual and 
perceived) and can increase passenger satisfaction with transit 
service. Good running time data permit accurate timetable up-
dates and improved schedule adherence. Data on passenger 
activity on specific routes can be used to determine if the amount 
of service is adequate. 

6.2.1.3 Reduced Administrative Costs 

Implementation of an automated data collection system can 
reduce administrative costs in three major areas: (1) schedule 
development, (2) external reporting, and (3) manual checker 
staff. 

Schedule Development. Computerized schedule files are es-
sential for an automatic data collection system. Transit agencies 
that automate schedule files in conjunction with system imple-
mentation can expect reductions in staff time required to develop 
new schedules. 

External Reporting Requirements. Because separate data or 
analysis is involved, some transit agencies differentiate between 
the costs of data collection and analysis for scheduling purposes 
and those for external reporting requirements. Implementation 
of an automated data collection system can reduce the overall 
cost because the two sets of data can be collected simultaneously. 
Seattle reports an annual savings of $50,000 for developing 
Section 15 data as a result of its automated data collection system 
(6, p.  6). 

Manual Checker Staff Introduction of an on-board data 
collection system can lead to reductions in staff requirements 
at those transit agencies where manual checkers are used. How-
ever, it may not be either possible or desirable to eliminate the 
entire checker staff. Local labor agreements and checker em-
ployment policies will dictate the extent of staff reductions. In 
addition, manual checkers can collect chronological point check 
data more quickly and efficiently than equipped vehicles. Transit 
agencies which frequently need quick turnaround (less than one 
month) for chronological point check data for special studies 
may desire to retain a few checkers for this purpose. 

6.2.1.4 Fare Collection Efficiencies 

In general, installation of new fare collection equipment solely 
for data collection is not recommended because of the high cost 
of equipping the entire fleet. However, transit agencies that elect 
to do so can reduce some of the major problems in fare collection  

currently experienced by transit agencies—bill processing costs, 
patron underpayment, and employee skimming funds. Reali- 
zation of these benefits is dependent on the fare structure of 
transit property, type of farebox used, and internal security 
procedures. 

Bill Processing Costs. Installation of electronic fareboxes that 
can accept unfolded currency should significantly reduce the 
costs associated with processing dollar bills. SCRTD eliminates 
that 65 percent of total bill processing time is devoted to un-
folding dollar bills and another 15 percent for flattening (16, p. 
5). SCRTD projected that the manpower requirements and costs 
associated with fare processing in an electonic farebox system 
would be half that required for its current drop-type farebox 
system (11, p.  7). 

Patron Underpayment. The amount of lost revenue due to 
underpayment is unknown. Duncan Industries estimated that 
about 5 percent of revenue is lost because of patron underpay-
ment at transit agencies using drop-type fareboxes (17, p. 3). A 
1981 SCRTD survey of 10 transit agencies that had recently 
installed electonic fareboxes found that increases in revenue 
collection ranged from 0 to 7 percent, with most transit prop-
erties reporting no increase in revenue. However, many of these 
transit properties had relatively low fares (16, p. M-l). 

Revenue Security. Although it is difficult to estimate the 
magnitude of the problem, the potential for employee skimming 
of fare revenue appears to increase dramatically with the intro-
duction of dollar bills into a nonregistering farebox system (18). 
An electronic farebox allows for the money to be stored in the 
cashbox until it is transferred intact to counting facilities. To 
the extent registering fareboxes are installed in a bus system, 
revenue accountability will be improved. 

6.2.2 Indirect Costs 

Changes to existing system operations may be required for 
effective implementation of an automated data collection system. 
In many cases, it can be assumed that these changes would 
increase transit agency operation costs. The actual impacts of 
the automated data collection system will depend on current 
agency practices and the modules included in the automated 
data collection system. Those aspects of transit agency opera-
tions which could be affected are given in Table 1-26. Additional 
information on these and other issues is provided in Chapter 
1.7. 

The most significant impact on system operations will occur 
where vehicle dispatching procedures must be changed in order 
to schedule equipped buses for data collection. Particularly 
where vehicles are dispatched on a first driver/first bus basis, 
changes to existing procedures could reduce dispatching effi-
ciency. Depending on the procedure and technology for data 
transmission from the bus, vehicle check-in time could be in-
creased. 

The possibility that wage rate increases may be necessary 
where driver responsibilities are increased should be considered. 
Local union agreements and negotiations practices will deter-
mine whether this is required. 

Generally, malfunctions in the automated data collection sys-
tem will not affect transit system operations. The exception 
occurs when electronic registering fareboxes are incorporated 
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into the system. Since the bus is usally taken out of service until 
repairs can be made, the economic impacts of vehicle downtime 
should be considered. One daily road call lasting 1 hour for 
every 50 electronic farebox boxes in service was used in a recent 
analysis of farebox alternatives (11, p. D-l) Local estimates of 
vehicle downtime to include the cost of dispatching another bus, 

lost revenue, and unproductive driver time should be used to 
estimate these costs. Finally, because of the sensitivity of the 
electronic fareboxes, dust covers may be required. Time allot 
ments for cleaning buses may have to be adjusted to allow for 
placing and removing these hoods (11, p. 6). 

CHAPTER 1.7 

IMPLEMENTING AN AUTOMATIC DATA COLLECTION SYSTEM 

IDENTIFY POTENTIAL 
BARRIERS TO IMPLEMENTATION 

(Section 7.1)  

DEVELOP SYSTEM IMPLEMENTATION 
PLAN 

(Section 7.2)  

The feasibility analysis contained in this manual is but the 
start of a lengthy process for transit agencies contemplating 
implementation of an automatic data collection system. 

First, assuming the results of the general feasibility analysis 
are positive, two actions will determine whether or not the 
implementation will proceed. The first is to justify the system 
to upper management and/or the board of directors. The second 
is to obtain the money to pursue the implementation. The two 
actions are obviously related but they are separate because jus-
tification of the cost-effectiveness of a system does not auto-
matically imply that funds will be available for its 
implementation. 

Whatever the size and scope of the system that will be pur-
sued, considerable effort must be expended in planning, pro-
curement, and installation. This chapter summarizes the key 
issues that will have a major impact on the success of the 
automated data collection system implementations. 

7.1 IDENTIFY POTENTIAL BARRIERS TO 
SUCCESSFUL IMPLEMENTATION 

One of the necessary activities on the part of those responsible 
for analyzing the feasibility of, and/or responsible for imple-
menting, an automated data collection system is to gauge the 
level of commitment and cooperation to be expected from var-
ious transit agency departments. Table 1-27 presents the issues 
that could lead to problems and therefore need to be addressed 
prior to and during implementation. 

Some of the more significant issues involve labor. Are the 
personnel capable of doing the expected task? Will they coop-
erate? How much is it going to cost in time, effort, increased 
wages, supervision, lost data, etc. to achieve their involvement? 

Those transit agencies that have already implemented auto-
mated systems apparently have not experienced significant prob-
lems, possibly because they anticipated the problems and acted 
to prevent them from arising. Portland, for example, specified 
its system to minimize driver involvement. Columbus avoids 
significant in-house support of its system by contracting with 
an outside consultant to process and analyze the data. The 
apparent lack of problems thus far may also be due to the 
somewhat limited nature of the implementations. Fare category 
counters have not been implemented and a full-scale manage-
ment information system has not been established for any sys- 
tem. 

One of the first challenges is to convince transit personnel 
that the automated system is not intended to be a monitoring 
device that will be used to penalize poor performance. Previous 
experience has shown that failing to alleviate this apprehension 
will lead to attempts to defeat the system. Trucking firms that 
installed tachographs, for example, have found them discon-
nected and/or tampered with. Even some police organizations 
that tried AVM systems note deliberate attempts by some of-
ficers to confuse the system so that movements could not be 
monitored. 

Driver involvement in the data process is a continuing con-
cern. It is usually desirable to limit driver involvement to the 
greatest extent possible. However, this is not entirely practical 
because in some instances, such as in the use of electronic 
fareboxes, this involvement is necessary. The driver is also in 
the best position to monitor equipment malfunctions and should 
be brought into that role through a careful orientation and 
training program. 

One labor element that cannot be ignored even in the most 
automated of systems is the dispatching operation. Dispatching 
equipped buses to serve specified vehicle blocks is a critical 
human element that cannot be avoided. Special efforts are nec- 



Table 1-27. Potential implementation barriers. 

Labor 

Drivers may perceive the data collection devices as management 
surveillance of performance and attempt to defeat it3 operation. 

Drivers and other personnel may cite additional responsibilities 
and duties as justification for increased vase demands. 

Unions may resist automation in principle because they may 
perceive the intent of improved performance is to eliminate lobs. 

Wages of manual checkers may still have to be paid since 
frequently these positions are filled by drivers who are 
currently unable to drive. if this occurs cost savings of an 
automated system would be reduced significantly. 

Schedulers/planners may impose unrealistic data demands such as 
100 percent route coverage to underscore the importance of 
manual skills in schedule construction, and to avoid automation. 

Dispatchers may claim it is not possible to assign buses because 
of the way buses must be serviced and handled by hostlers. 

Management 

Data collection may be perceived as a low priority item. 

There may be apprehension about technical risk and potential for 
failure. 

Organizational 

Where the data collection system is required to use a central, 
autonomous, in—house data processing facIlity, skills and 
equipment may not be the most desirable. The data collection 
system may have a low priority compared to other operations such 
as payroll, budget, etc. 

A similar circumstance may also arise with respect to 
maintenance if all maintenance is a centralized functIon. 
3uaes, fareboxea, radio., etc. will take precedence and data 
system maintenance postponed as not critical. 

A change in organizatIonal procedures may be difficult to 
implement because of "the way things are done - - For exas pie, 
vehicles may be washed then serviced. A change in this routine 
would be desirable but could be difficult to impose. 

A pre—exiating management information system may dictate the 
nature and form of the Information provided by the data 
collection system. 
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essary not only at the dispatcher level to orient, train, and retrain 
the individuals directly responsible for vehicle assignments, but 
also to enlist the cooperation of drivers and bus hostlers in the 
process. 

In fact, the vehicle dispatching procedure is the single most 
important element in achieving an effective data collection pro-
gram. Modification of current practices is also potentially the 
most disruptive to traditional operating procedures. Agencies 
operating in cold weather and accustomed to dispatching buses 
from a line-up in the garage will likely experience the most 
problems in coordinating the vehicle dispatch since hostler ac- 

tivities the previous night determine the order of the next day's 
departures. A workable but simple procedure must be estab-
lished to reduce the complications of dispatching, even if it 
means more buses will need to be equipped. 

7.2 DEVELOP SYSTEM IMPLEMENTATION PLAN 

By far, the most important step in attempting to overcome 
these potential problems is to develop a comprehensive step-by-
step plan for implementing the data collection system. The plan 
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Table 1-28. Recommended planning activities. 

CoaDrehensive Planning 

3egin with a workable plan: 

- 	outline goals and procedures 
- 	define management/staff responsibilities 
- 	deternine Labor resources/skills required 
- 	detail implementation schedule 
-- 	consider phased implementation 

Solicit input from all parties and seem coents on all 
aspects of the plan: 

- 	impact on current operations 
- 	ability/resources to handle proposed system 
-- 	suggestions for revisions 

Hodify plan in light of comeenc,: 

- 	accept and incorporate suggestions or respond 
with reasons why suggestions cannot be adopted 

- 	build constituency through ±nvolvement in 
revisions 

Information Dissemination 

Inform all personnel of plans and goals: 

- 	invite coements 
- 	demonstrate agency sensitivity to concerns 

Training and letraininst 

Establish orientation program: 

- 	current and new employees 
- 	develop manuals/procedure guidelines 

Establish retraining program: 

- 	current and new employees 
- 	routine refresher program 

Organizational Structure 

Establish clear organization responsibilities: 

- 	high level management oversight/coienc 
- 	guarantees of resources/personnel 
- 	distinct reporting hierarchy 
- 	identified point of contact for each functional 

area 

Establish procedures for dealing with problem,: 

- 	information contracts and suggestion procedures 
- 	grievance resolution 
- 	correction of deficLencjes 

should include an overview of the purpose and functions of the 
system, define the expected responsibilities of all individuals, 
and detail the schedule. 

The plan should be circulated for comment to the departments 
and the personnel who would assume the functions and re-
sponsibilities. The experiences of transit agencies that have im-
plemented automated data collection systems suggest that 
including personnel from scheduling, maintenance, and dis-
patching in the planning process is most critical to achieve a 
consensus regarding system design and cooperation in system 
operation. Their feedback, including their apprehensions, their 
estimates of the resources required, and their comments on what  

they perceive is needed to implement the system, would be used 
to refine the plan and begin a broader program of information 
dissemination and training. Training programs should cover a 
broad spectrum—from simple information dissemination for 
drivers to detailed electromechanical Orientation for mainte-
nance personnel. Well-informed and properly trained employees 
are essential since their activities have a direct impact on system 
operation. Table 1-28 enumerates activities that should be con-
sidered. 

Development of a master schedule for implementation of the 
automated data collection system should occur early in the 
planning process. Because there are a large number of elements 
and many people involved in implementing such a project, there 
is the risk that tasks maybe overlooked without such a schedule. 
The schedule should be realistic and allow for adequate time to 
undertake preliminary testing of the hardware on the vehicle 
prior to a full-scale procurement, to develop and debug the 
software, and to test the complete data collection system in 
simulated revenue service. 

Because of the complex coordination required for an auto-
mated data collection system, transit agencies should seriously 
consider phased implementation. Some inefficiencies will ob-
viously be present if, for example, only a few routes are targeted. 
However, these could be less than the learning and start-up 
inefficiencies that would result from attempting to implement 
a complete system. 
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APPENDIX l.A 

GLOSSARY 

Backtagging data —Procedure for assigning actual time and date 
values to data during data transfer operations because only 
relative time is recorded on-board the vehicle. This pro-
cedure can be used to correct data in the event the bus 
clock does not correspond to the time of the data transfer. 

Coefficient of variation—A statistical measure of data varia-
bility that normalizes the variance to facilitate comparisons 
among sample populations. It is calculated by dividing the 
standard deviation of the data by the overall mean of the 
data. 

Computer bus—A set of addresses, data, control and power 
lines arranged in a standardized manner and operating 
under a strict set of data communication rules. 

Confidence level—The degree of assurance that the true value 
associated with the total data population is within a spec-
ified interval of the calculated statistical value. It is used 
in conjunction with tolerance level to define the accuracy 
of a statistical calculation. 

Data collection period—The time period over which a pre-
scribed data sample is taken. In transit, the data collection 
cycle usually corresponds to the interval between seasonal 
service changes, driver sign-up periods, or accounting pe-
riods (i.e., quarter). 

Equipped bus—Transit vehicle instrumented with on-board 
modules of an automatic data collection system. 

Interlining—A term used to refer to the circumstance where a 
vehicle block consists of trips on different routes. 

Maximum load point—The point on a transit route at which 
the maximum passenger loads occur during a specified time 
interval. 

Owl run—A run that operates during late night and early 
morning hours. 

Peak load check—A point check conducted at or near the 
location of the maximum load point. 

Point check—A data collection technique in which a checker 
is located at a prescribed location along a route or routes 
and records selected data for all vehicles passing by that 
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location. Typical data collected include bus number, route 
number, passenger load, and time of arrival. 

Random sampling—A method of selecting N units out of a 
population of M units such that every unit in the population 
has an equal chance of being selected. The typical unit in 
transit data collection is an individual, one-way trip. 

Ride check—A data collection technique in which a checker 
rides on-board the vehicle to record data. Typical data 
collected include the number of passengers boarding and 
alighting at each stop, stop location, arrival time, and fare 
categories. 

Route-level data—Data collected to evaluate ridership, revenue, 
and vehicle performance on individual routes. 

Run—The composite of the trips (and partial trips) assigned to 
a driver during a day's duty. 

Statistical sampling—Random sampling procedures that are 
designed to produce estimates that meet prescribed confi-
dence and tolerance levels. Statistical sampling requires 
data to be collected in a manner that takes into account 
route characteristics and time-of-day variations. 

Systematic sampling—The process by which data are collected 
according to a predetermined and methodical selection/ 
collection plan. Collecting data on every trip five times 
during a schedule period is an example of systematic sam-
pling. 

Systemwide data—Data collected to evaluate overall transit 
agency performance (e.g., Section 15 data). 

Terminal point—Either end of a route, usually refers to the 
end point of a primary route where a driver layover is 
scheduled. 

Time point—A designated point on a route where specific ve-
hicle arrival and/or departure times are scheduled. Re-
ferred to as a node in some transit systems. 

Tolerance level—The interval surrounding the observed (cal-
culated) value in which the true value will occur given a 
specified confidence level. 

Train—The composite of all trips assigned to a particular ve-
hicle from pull-out to pull-in. More commonly referred to 
as a vehicle block in most transit systems. 

Trip—A one-way trip in revenue service beginning at one ter-
minal point (or turnaround point) of a route and ending 
at another terminal point (or turnaround location) along 
the same route. 

Tripper—A scheduled trip or combination of trips whose total 
time is less than that specified for a regular run. 

Vehicle block—The composite of all trips assigned to a partic-
ular vehicle from pull-out to pull-in. Also referred to as a 
train at some transit systems. 
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PREVIOUS RUN FULLOIIINO RUN 

REMARKS 	 SChEDULE DEPARTURE 
'DEPART DEVIATION 
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05*39*30 	0*00 
06100100 	0*00 
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*3*35*00 13135130 0*00 14*04*00 *4*04*30 0*00 

SCHEDULE DEVIATION REPORT FOR SCHEDULING DEPARTMENT 
FOR 01-09-79 

JAN *001979 

LINE 041 

RUN 01 	DIVISION' 	'02 

DIRECTION NORTHBOUND 

101190 
EARLY THRESHOLD 01100 LATE THRESHOLD 10*00 

lue NUMBER 7200 

PAGE 0001 

THIS RUN 

YIDIEPOINT TRIP SCHEDULE DEPARTURE 
(DEVIATED) NUMB DEPART DEVIATION 

HRIIIN*8S *04*89 

AL,"ARADO/PICO 1070 06100110 *01133 
MONTANA/LIBERTy 06*20*00 401143 
AL,VARAPfl/61H 1000 07123130 401145 
ALVARADO/PICO *090 08133130 -*1130 
ALVARA0O,4T*I 08140130 -*3*30 

DRIVER NUMBER 6407 

ALVARADO/6TH 1150 	13150100 13*50*30 401145 

DIRECTION 	SOUTHBOUND 

ALUARADO/BEVERLy *070 06*24*00 06126130 +01*30 
ALUAKaLIO/oTII 	 06*29*00 06*29*30 402*00 
ALUARAD*)/PICO 	*080 07*53*00 07153130 -1*130 
BANI'ARB/FIOUEROA 	08*09*00 00117100 -03*30 

BANBARB/FIOUEROA 1150 14*40*00 *4*54*00 *01*30 
> 

06105100 06105*30 	0100' 	06*46*00 04141E00 '0100 
06*08*00 06108130 	0*00 	06*49*00 06*49*30 0*00 
07142100 07*42*30 -04*15 	00*03*00 08*03*30 	0*00 
07*50*00 00*04*00 01130 	00*19100 01130100 	0*00 

*4*25*00 *4*42*00 0*00 *4*53*00 *5*09*00 0*00 

SOURCE: COULD Inc. 
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AUTrHA1 IC 	PASS) NGFR 	C(IJIiT1 P JAR AP(12184 1182-3126 4 	I 7 0 0 PAGE i dl C I 	A I 	I 	TIME MATC'$ 	K C 	1 	0 	1 	7 PROCESS DATE 07/O2/82) 14:16 
VEHICLE ASS)6NMC)T 190/ 5 WEEK 	DAY 

MONDAY JUNE 149 1982 
COACH NLJMAR 1255 	C 341 

SCiLfl TIME ACCUM ACCUM 
AkR ACCUM 	---- DOOR ---- AT PSGR RIDERS LEG 1(6 ACCUM PSGR PSGR LOCATION TIME MILES OPEN SHUT STOP LOAD OFF ON DISh SPIED ONS MILES HOURS 

0.0 6:124 6:134 1:00 0 0 1 0.0 0. so. 	IJASE 6:13A PULL 	CUT 	...'. 
9.96 6:25* 631A s:si 1 1 30 9.96 49. 1 0 0.0 STAR LAKE P 	& 8 6:30* STAHl 	TRIP- 	19001040 
10.22 633A 6:33* 0U 30 0 1 0.26 12. 31 8 0.7 
26.30 6:54* 6:54* :12 31 i 1 16.08 45. 32 490 11.4 

4 	AV S S 	SIOKAUE 6:51* 
27.45 *:57* 6:5* :42 31 1 0 1.15 23. 33 524 13.0 
28.21 7:oo* 1:00* 12 30 1 0 0.76 21. 33 546 14.4 
28.57 7:024 7:0* :is 29 6 0 0.36 13. 33 557 15.3 
28.73 704A 7:04* :17 23 5 1 0.16 8. 33 560 15.8 
28.91 704A 7:05* :27 19 8 1 0.18 17. 34 563 161 
29.13 7:06* 7:06A :17 12 3 1 0.22 12. 35 566 16.4 
21.34 7:08A 7:09* :s 10 5 0 0.21 To 36 568 16.7 av u4I0N 	ST 1IA i 	ii 	0 	TRIP 

AV U1ON ST 7:10* .START 	DEADHEAD 
29.50 i:jo* 1:10* :14 5 4 0 0.16 8. 36 568 16.8 
48.66 7:34* 1:5A 19:33 1 1 13 .19.16 48. 36 568 16.8 TAR LAKE P 	1 R 742A ..EH() 	DEADHEAD 

AR LAKE P & 8 7:53* START 	TRIP- 	1"O011lO 
50.32 7:59* 759A :07 13 0 1 1.66 19. 49 588 17.8 
50.57 7:59* 8:00* :10 14 0 1 0.25 24. 50 591 18.0 
51.15 8:OIA o:oia :09 is o 1 0.58 26. 51 600 18.3 INT/OES P 	& 8 8:03* 
51.45 8:03* 8:06* 2:36 16 1 15 0.30 9. 52 604 18.9 
51.62 o:oi* 8:07* :09 30 0 2 0.17 10. 67 609 20.0 4 	AV S S SPOKANE 8:27* 
66.09 827A 8:27* :05 32 0 1 14.47 43. 69 1058 30.5 
66.51 8:29* 8:29A :11 33 0 2 0.42 17. 70 1071 31.4 
61.06 8:32* 8:32* :10 35 0 1 0.55 13. 72 1090 33.0 
61.42 8:33* 8:33A :0 36 1 0 0.36 14. 73 1102 34.0 
67.60 8:34* 8:35* :26 35 5 0 0.18 35. 73 1108 34.5 
61.76 835* 8:36* :13 30 6 0 0.16 12. 73 1113 35.1 
67.94 8:38* 8:38* :16 24 6 0 0.18 4 . 73 1117 36.1 4 	AV UNION ST 8:40* C 	N 0 TRIP 
68.12 8:404 8:41* :IT 18 9 0 0.18 6. 73 1120 36.7 
68.34 8:42* 8:42* :11 9 7 0 0.22 9. 73 1122 37.0 
68.55 8:44* 8:44* :09 2 1 0 0.21 1. 73 1122 31.0 
18.44 9:00* 9:01* i:00 1 1 0 9.89 37. 73 1122 37.0 SO. 	BASE 9:05* PULL 	IN 	''.'.a ' 

a. hARKING 	.ie 	TIME 	MATCIII!1G ASSUMES BUS 	IS 04 TIME. 
PASSENGER LOAD JS 	THE LOAD 	ARRfVING AT 	A STOP. 
DISTANCE AND SPLED REFER 	TO 	TI1 LEG SINCE THE PREVIOUS STOP. 
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APPENDIX I.0 

AUTOMATED DATA COLLECTION SYSTEM HARDWARE 

This appendix contains additional background information 
on the hardware components of automated data collection sys-
tems to supplement the overview presented in Chapter 1.2 and 
to assist transit agencies in selecting appropriate modules and 
hardware options for their systems (Chapter 1.3). This infor-
mation includes: (1) hardware options for modular units, (2) 
status of current transit applications of automated data collec-
tion systems, and (3) equipment provided by major system sup-
pliers. 

Specifications for the modular system described are contained 
in Appendix II. 

I.C.1 DESCRIPTION OF AUTOMATIC DATA 
COLLECTION SYSTEM HARDWARE 

The modular approach allows for several choices of hardware 
or implementation options in configuring an automated data 
collection system. The options selected by a transit agency de-
pend on a variety of factors including consideration of cost, 
accuracy, reliability, and information needs. 

Hardware options for the modular automatic data collection 
system are summarized in Table I.C-1. The options identified 
reflect the system design philosophy for the proposed modular 
system and the available technology. A description of each hard-
ware and/or implementation option follows. 

Passenger Counter 

The passenger counter module detects and counts the number 
of passengers boarding and the number of passengers alighting 
at each door of the vehicle. It is capable of counting parallel 
streams at each door. The passenger counter accumulates values 
for both boarding and alighting passengers at each vehicle stop. 

Three types of passenger counter sensors are currently avail-
able and have been implemented at several transit properties: 

Photoelectric beam sensors—Light beams are projected hor-
izontally across bus doorways to a light sensitive receiver. A 
count is registered when the light beam is interrupted. The 
sequence in which the beams are broken determines the direction 
of movement. Photoelectric beam sensors have been installed in 
Columbus, Ohio; Kalamazoo, Michigan, Minneapolis/St. Paul; 
and Portland, Oregon. 

Switch mat sensors —Pressure sensitive mats are installed 
on two steps at each door. The mats contain pressure sensitive 
switch elements that are actuated under a specific load. The 
sequence in which the steps are activated determines the direc-
tion of movement. Switch mats have been installed in Los An-
geles, California, and Seattle, Washington, and will be used in 
Rochester, New York. 

Inductive ioop mat—Similar to switch mats, these mats 
are installed on two steps at each door. Instead of contacting 
switches, the inductive loop mat contains a noncontacting in-
ductive proximity switch that permits the mats themselves to 
be designed without using sealing materials. These mats are 
used in Amsterdam, Utrecht, and Düsseldorf. 

Ultrasonic interruption sensors have been developed for de-
tection and distance measuring problems. These sensors have 
been applied in security systems, vehicular safety sensing sys-
tems, and robotic manufacturing operations. They have not yet 
been used in a transit application, although they were tested in 
an earlier program by MITRE (1). Kalamazoo plans to evaluate 
a new ultrasonic system under an Urban Mass Transportation 
Administration (UMTA) grant. The characteristics and limi-
tations of passenger counter sensors are summarized in Table 
I.C-2. 

Fare Category Counter 

The fare category counter accumulates and stores counts of 
the number of passengers within each specified fare category at 
each bus stop. Two types of fare category counter modules have 
been identified for the on-board, automatic data collection sys-
tem: 

"Standard"fare category counter module—Includes a sin-
gle detection device, an electronic farebox, which would be 
capable of counting a limited number of user categories. 

"Expanded"fare category counter module—Includes mul-
tiple fare media detection devices—an electronic farebox, a pass-
reader, and a ticket validator and would be capable of recording 
greater numbers of user categories. 

Electronic registering fareboxes accept and count all denom-
inations of coins, as well as tokens and dollar bills. Individual 
fare payments are displayed on a digital read-out for operator 
fare verification. Data on individual and cumulative fare pay-
ments by fare category are retained. Driver-actuated push but-
tons on the farebox or driver console allow operators to record 
types of fares received. A disadvantage of this option is that the 
accuracy of driver input cannot be guaranteed. Many cities have 
implemented electronic fareboxes including Dallas, Texas; Nor-
folk, Virginia; St. Louis, Missouri; Atlanta, Georgia; Cleveland, 
Ohio; and Washington, D.C. 

The expanded fare category counter provides the transit op-
erator with the opportunity to obtain passenger and revenue 
data about passengers that use the off-vehicle fare payment 
options offered by many transit properties. Fare category counts 
result from passenger interaction with the system via passes or 
prepurchased tickets. This option is more accurate and expensive 
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than driver input options. The expanded fare category counter 
module involves types of hardware not commonly used in U.S. 
bus transit systems: 

Period pass reader—Reads the pass, verifies its validity, 
and retains data on the number of pass uses by fare category. 
Period pass readers are being used experimentally on rail transit 
systems in Boston and Chicago. 

Multi-ticker validator—Used by passengers in time-clock 
fashion to validate multi-ride tickets and electronically verify 
that the document is a valid ticket. The validation would retain 
data on the number of multi-ticket users by fare category. Val-
idators are currently used in Portland, San Diego, and Kala-
mazoo; these validators do not collect data by fare but several 
such devices are available in the marketplace. 

Stored-value and stored-ride pass reader—Reads the pass,  

deducts the fare from the card's stored value, and verifies the 
validity of the pass. The pass reader retains data on the number 
of pass users by fare category. This type of equipment is used 
in San Diego and on the rail systems in San Francisco and 
Washington, D.C. 

To date, no U.S. transit agencies have linked automatic pas-
senger counter systems with fare category counters to obtain 
complete information on passenger movement and fares. Kal-
amazoo and Atlanta are experimenting with this type of appli-
cation. 

Distance Measurement 

Distance measurement is incorporated into the system con-
troller module. The module provides for the accumulation and 

Table IC-i. On-board, automatic data collection system technology. 

Functiona.i. Unit TechnOlogY/Inplementation Options Data SupportedlMa.intained 

Passenger Counter Photoelectric Bean Sensors Passengers Boarding/Alighting 
Switch Mat Sensors - 
Inductive Loop Mat 
Ultrasonic Sensors 

Pare Category Counter Standard: 
Electronic Farebox Revenue & Fare Category 

Counts 
Expanded: 
Electronic Parebox 
Pass Reader 
Multi-Ride Ticket Valid.ators 

Distance Measurement Odometer Cumulative Distance 

Signpost LV Transmitter Signpost Identificatin 
Antenna Number 

Manual Input Minimum Time and Date 
Expanded Time, Date, and 

Identification Data 

System Controller Microprocessor None 
System Program 

Memory Solid State Memory Stores All Input Data 
Magnetic Tape 

Status Display Band Held Display Unit None Maintained Internally 

Data Transmission Female Data Plug of Umbilical None Maintained Internally 
Non-Contacting Transmitter 

External. Receiver Male Data Plug/Interim Storage None 
Unit 
Non—Contacting Receiver/Interim Storage 
Unit 
Direct Communication Link 
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data retention of the cumulative distance at each bus stop and 
initiates a data recording whenever the vehicle travels a specified 
distance without intervening data recordings. The bus odometer 
is the most commonly used technology. Distance measurement 
is considered a mandatory feature of all on-board data collection 
systems. 

SIgnpost 

The signpost module consists of the signpost radio transmitter 
unit located along bus routes, a vehicle-mounted antenna, and 
interface electronics. The signpost transmitter is a self-contained 
unit consisting of an RF transmitter, a data encoder, and an 
internal battery. The signpost transmitter continuously trans-
mits a low-level radio signal modulated with a selectable digital 
location code. A location record is generated each time a vehicle  

enters and leaves the transmission range. The recording of a 
signpost signal positions the location of the vehicle in time and 
space and allows easy referencing of all bus stop and trip records. 
Signposts are used to reference vehicle location in many of the 
current automated systems, including Seattle, Columbus, and 
Kalamazoo. 

Manual Input 

The manual input console provides time and date information, 
and other data identification elements such as run number, route 
number, bus number, etc. The primary driver contact with the 
data collection system is through the manual input console. Two 
configurations for the manual input console are defined. 

1. Minimum configuration for the manual input module con- 

Table I.C-2. Characteristics and limitations of passenger-counter sensor options. 
-- 

- TECHNOLOGY OPTIONS 	GENAL CHABACTERISTICS & LIMITATIONS 

Switch-Mat Sensors 	Higher counting accuracy than 
photoelectric systems but also higher 
cost for both sensors and counting 
logic. In general, has a lower 
reliability than photoelectric sensors. 

Photoelectric Beam 	Low cost sensors and logic. However, 
Sensors 	 most systems require a different 

installation configuration for each type 
of bus since accuracy depends on sensor 
location. Sensor alignment needs to be 
verified routinely because they can be 
easily moved. Infrared beam sensors 
generally require replacement of safety 
glass on vehicle doors. 

Inductive Loop Mat 	Results of field tests suggest accuracy 
Sensors 	 generally similar to switch mat sensors. 

Especially accurate with low passenger 
activity levels. Design appears to 
offer the potential for improved 
reliability since hermetic sealing is 
not critical to operation. No U.S. 
applications to date. 

Ultrasonic Sensors 	Ultrasonic sensors mounted on step 
risers were tested in a UMTA program in 
1975 but the results did not reveal the 
potential for improved accuracy. Over-
head ultrasonic sensors have not been 
applied to passenger counter systems to 
date. 
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tains a clock providing military time; a calendar that is either 
derived through clock circuitry or manually input by driver; 
and a driver-actuated switch to generate a data record. 

2. Expanded configuration of the manual input console pro-
vides for run number; route and driver identification; zone or 
type of service data; and bus or farebox identification as defined 
by the user. Time and date information is also provided. The 
console provides for drivers to execute data recording commands 
and includes any displays that may be necessary to verify system 
operation. 

System Controller 

The system controller consists of a microprocessor, power 
supply, data input and output connectors, and a programmable 
read-only memory. The program provides control of all data 
transfer operations between modules and acts as data monitor 
and manager for the data collection system. All data gathering 
modules interface directly with the system controller via a stan-
dard microcomputer bus. The system controller specified for 
the modular system contains standard, identical connectors—
one for each on-board module plus additional connectors for a 
second memory module and the power supply. 

Memory 

The system accommodates two plug-in memory modules. One 
module provides the basic solid-state memory for the system; 
the second provides for expansion of memory. CMOS circuitry 
has been selected for the proposed modular system and is typical 
of most current systems because of its extremely low power 
consumption and high immunity to electrical interference gen-
erated by motors, solenoids, fluorescent lights, generators, etc. 
Its low power consumption also permits efficient battery back-
up. 

Memory and clock back-up power by internal batteries is 
optional and if used would back-up both data and clock memory 
for not less than 72 hours. Data and clock memory back-up is 
assumed to be sufficiently important to be a system requirement; 
however, it is considered an option to the extent that the system 
will function without requiring internal, back-up batteries to be 
in place. 

Solid-state memory storage has been implemented by Seattle, 
Portland, and CALTRANS; magnetic tape memory is used in 
Columbus and Kalamazoo. Solid-state is preferred because of 
the reduced possibility of human error, mishandling, or damage. 

Status Display Module 

The display unit is a hand-held device containing a display 
which permits an observer to monitor preselected functions of 
the system. These functions include passenger counts, cumu-
lative distance, cumulative revenue, signpost number, and fare 
category counts. 

Data Transmission 

The data transmission module is the on-board mechanism for 

transferring data from the solid-state memory on the vehicle to 
the external receiver module. The module consists of a trans-
mission unit connected directly to the system controller, and an 
output device. Data are transmitted in serial form at a rate of 
9600 baud in conformance to standard data communications 
protocols. 

Several hardware options are available depending on the data 
retrieval philosophy desired by a transit property, as discussed 
below. The output device typically used is a female connector 
located on the vehicle. Alternative noncontact output devices 
such as radio frequency transmitters, or ultrasonic or infrared 
sending units can be implemented. Portland has installed an 
infrared communications link that automatically transfers data 
from bus storage to sensors located at the garage entrance. 

External Receiver 

Data retrieval can be provided in several configurations: 

Off-line data transfer to an interim storage unit prior to 
data processing. 

On-line serial data transfer via modem to data processing 
facilities. 

On-line real-time data transfer via radio-link. 

The characteristics and limitations of these data retrieval op-
tions are outlined in Table I.C-3. 

Off-line data transfer can be accomplished with an umbilical 
cable or with noncontact data transfer devices. Interim storage 
is achieved with a portable retrieval unit, such as a portable 
cassette recorder, portable disk unit or solid-state memory. Most 
applications of automated data collection systems employ port-
able retrieval units for interim storage. At CALTRANS, how-
ever, data were transmitted directly from the bus to the 
computing facility over telephone lines. Real-time data transfer 
is a characteristic of automatic vehicle monitoring systems 
(AVM) and as such is a special application of the automatic 
data collection system. A U.S. demonstration of AVM tech-
nology was undertaken at Southern California Rapid Transit 
District in 1981. 

I.C.2 STATUS OF CURRENT TRANSIT 
APPLICATIONS 

In recent years, several North American transit agencies have 
implemented automated data collection systems to gather pas-
senger and schedule statistics. A summary description of the 
eight operational automated data collection systems is provided 
in Table I.C-4. Further information can be obtained by reviewing 
"An Assessment of Automatic Passenger Counters" (2) or con-
tacting the transit agency personnel listed in Table I.C-4. 

Passenger counter technology has also been implemented in 
conjunction with comprehensive automated vehicle monitoring 
(AVM) systems at several transit agencies. From 1977-1981 
General Motors Transportation Systems Division experimented 
with an AVM system in Cincinnati, Ohio. The full Cincinnati 
system has been moved to Windsor, Ontario. In 1976 the To-
ronto Transit Commission designed and installed 100 dual beam 
counter units and 16 signposts as part of its AVM system. An 
UMTA-sponsored demonstration of AVM at Southern Califor- 
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Table I.C-3. Data retrieval options. 

Implementation Option 	 General Characteristics and Limitations 

Umbilical Transfer to Intermediate 	Data are extracted from on-board units and stored on 
Storage Media 	 intermediate media such as casaette tape, floppy disk, 

or solid-state memory. The option providee a distinct 
separation between data extraction and data processing and 
automatically results in an archive of raw data. However, 
it requires manual Involvement including careful handling of 
both the umbilical and storage unit and appropriate safe-
guards to ensure positive connection and to prevent lose of 
data due to premature disconnection. 

Umbilical Transfer Directly to 	 Data are transferred via modem directly from on-board unite 

Computer 	 to the data processing facility. This option avoids the 
problems associated with the handling of intermediate storage 
media. Potential problems associated with the umbilical 
remain. Delays in data transmission can be expected if 
multiple input channels are used and buffer storage is not 
provided. The option also requires a computer capable of 
multi-task processing. 

Non-Contact Data Transfer 	 Data are transferred at the service island (or other 
location) automatically, e.g., by Infrared link. The option 
requires high data transfer rates and typically a storage 
buffer or intermediate storage media. It is desirable 
because it eliminates the labor element but is experimental 
and expensive to implement. 

Real-Time Data Transfer 	 Data are transferred while the vehicle is in service, e.g.; 
by radio as In automated vehicle monitoring systems. The 
option requires additional equipment (in addition to on-board 
or wayside transmitters/receivers) to poll vehicles and 
control data transmissions. The costs associated with this 
option are high compared to other options and are justified 
only It data will be acted on In real-time, e.g., to respond 
to schedule adherence problems. 

nia Rapid Transit District in 1980 through 1981 included in-
stallation of passenger counting equipment on 200 buses and 
500 signposts. General Railway Signal plans to test its Bus Fleet 
Management System which includes passenger counters on 20 
buses at the Regional Transit Service in Rochester, New York. 
In Hull, Quebec, 15 buses will be equipped with passenger 
counters as part of a fleet-wide communication system. 

Several transit agencies are considering the implementation 
of automated data collection systems. These include Jacksonville 
Transit Authority in Jacksonville, Florida; the Regional Transit 
District in Denver, Colorado; SUNTRAN in Tucson, Arizona; 
and the Chicago Transit Authority. Finally, the CALTRANS 
demonstration program which began in 1979 is no longer active. 
In this program, passenger counting equipment was to be rotated 
among six transit agencies (Bakersfield, Golden Gate Transit, 
Montebello, Monterey, Sacramento, and Santa Cruz). 

Several major European cities have installed passenger count-
ing equipment in conjunction with automated vehicle monitor-
ing systems, including Barcelona, Dublin, Hamburg, and 
Stockholm. Passenger counting systems have also been installed  

in Amsterdam, Utrecht, Düsseldorf; Tours, and Paris. The 
French approach to implementation of automated data collec-
tion systems differs somewhat from North American practices 
because of the high use of passes for fare payment (3, 4). In 
Paris and Tours, all transit buses are equipped with switch mat 
passenger counter sensors on one set of doors only. The total 
number of daily on/off counts at that door are used in con-
junction with data about on-vehicle fare payments to determine 
pass usage on each route. 

I.C.3 CURRENT EQUIPMENT SUPPLIERS 

Numerous domestic and foreign firms supply equipment that 
can be used for automated data collection in transit applications. 
Generally, the products fall into one of four groups: 

Complete passenger counter systems. 
Automatic vehicle monitoring systems. 
Electronic fareboxes. 
"Self-service" fare equipment. 



Table I.C-4. North American automated data collection systems. 

Traneit Agency and Number Storage and identification 
Implementation Date of Unite Sensora Tranamiaaion Data Agency Contact 

Calgary Traneit 5 Counteru Photoelectric Solid-State No bum atop Keith Heat 
Alberta, Canada (Demonetra- Beam to Portable referencing 403-268-1625 
1982 tion) Unit 

COlA 6 Countere Photoelectric Magnetic Hatch dietance and Bruce Bowlee 
Coluiabue, 	011 8 Sigupoeta Beam Tape Caeaette aignpoat filem 614-275-5800 
1982 

Kalamazoo Metro 20 Countera Photoelectric Magnetic Tape Hatch dietance and Chance Richarde 
Tranalt Syatem 30 Slgupouto Beam Caaeette uignpoat filee 517-322-1090 
Kalamazoo, HI 
1982 

HTC 44 Countera Photoelectric None Drivere manually Ray Neeteel 
Hinneapolle/St. Paul Beam record counte from 612-221-0930 
1979 dlaplay 

OC Transpo 65 Countera Photoelectric Solid-State Schedule thee Joel Koffean 
Ottawa, Ontario Beam to Portable Unit matched with counta 613-741-6440 
1978 

Quebec City 13 Countera Photoelectric Solid-State to No atop referencing Pierrie Bouvier 
Quebec City, Quebec Beam Portable Unit 418-627-2351 
1980-1982 

Seattle Hetro 56 Countera Switch Hat Solid-State to Hatch diatance and Thomaa Friedman 
Seattle, WA 250 Signposts Portable Unit eignpoat filee 206-223-4705 
1978-1983 50 New Coun- 

tera to be 
Pu rc ha ed 

rxI-HIr 50 Countere Photoelectric Solid-State to Hatch diatance and Douglaa Allen 
Portland, Oregon Beam Infrared Buffer elgnpoat file; 503-238-5831 
1983 backtaggtng of time 

from receiver clock 

Reference: 	"An AaBeaaeent of Automatic Paceenger Counters," Hultieyatema, Inc. DOT-1-82-43, 
September 1982. 

00 
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Table IC-S lists firms that are currently supplying this equip-
ment to the United States or are reportedly interested in entering 
the U.S. market. A data sheet for each supplier is provided that 
lists contact point, product description, and installation sites. 
This information is based on literature supplied by each firm. 

Table I.C-5. Index of equipment suppliers. 

Automated Passenger Counting Systems 

Dynamic Controls Corporation 
Etrometa BV 
London mat Industries, Ltd. 
Paceoa 
Red Pine Instruments, Ltd. 
RRA, Inc. 
Urban Transportation Associates 
VaR-S WECO 

AVM Equipment and Signposts 

AWN Systems, Inc. 
General Railway Signal Company 
Hani Prolectron AG 

Electronic Farebox Systems 

Cubic Western Data 
General Farebox, Inc. 

Fare Data Collection Devices* 

Associated Electronics 
Control System 
Microsystem Design, Ltd. 
Ticket Equipment Ltd. 

5A number of ticket validation and pass reading devices that are 
being used in transit applications are capable of discriminating 
various fare categories and therefore are suitable as input devices 
for fare category counts. Most have yet to be used in an actual 
data collection functIon. Potential suppliers include AR Amex of 
Sweden, CAMP of France, Autelca of Switzerland, and Cubic Western 
of the United States. 

Dynamic Controls Corporation 
8 Nutmeg Road South, P. 0. Box 73 
South Windsor, Connecticut 06074 

Contact: Ronald J. Kowalski, Sales Manager 
202-528-9971 

Product Description: Dynamic Controls Corporation developed and 
markets a complete automatic passenger counter system with the 
following features: 

Switch mat sensors mounted on bus steps; 

Microprocessor based control unit with interfaces to passenger 
counter sensors, electric odometer, signpost receiver antenna, 
door status switches, and real time clock; 

Portable cassette data retrieval unit with umbilical cable for 
data transmission from vehicle; and 

Status display unit. 

The control unit can store up to 1500 records in solid state 
memory. Portable data retrieval unit records data from at least 8 
buses on a cassette. Driver input requirements are limited. The 
system has a signpost interface, but signposts are not provided by 
Dynamic Controls. 

Installation Sites: 

Southern California Rapid Transit District 
Seattle METRO 
General Railway Signal incorporated Dynamic Controls System 
into its transit bus management system 
Toronto Transit & South African Railways is testing the system  

Etrometa B.V. 
Kerkewal 49 - Postbus 132 
8400 AC Gorredijk 
The Netherlands 

Contact: J.B. Leenhouts, Managing Director 
Telephone: (05133) 3435 
Telex: 46747 ETROM ML 

Production Description: Etrometa currently manufacturers a 
mat-based automatic passenger counting system. Etrometa continues 
to develop and modify its system and is planning to produce a system 
compatible with U.S. systems. 

Etrometa's system incorporates unique inductive mats. These consist 
of a bottom plate on which inductive proximity switches are mounted 
and a "floating top plate that rests on the equivalent of leaf-
springs. The switches themselves are sealed but the mat upper and 
lower plates are not. 

Etrometa's most recent system incorporates a bubble memory cartridge 
that provides non-volatile atorage of the data from 9000 stop 
events. Up to 15 of these bubble memory modules can be inserted 
into a device called a read-out interface that transmits the data so 
that data transfer to the computer can take place unattended. 

Etrometa also is reportedly developing a separate unit called a data 
converter that will assume a large part of the data screening 
activities prior to the transfer of the data to the computer. 
Etrometa's projected capabilities for the data converter include run 
recognition, stop identification, and file construction based on 
standardized soft-ware that will be built into the converter. 

Installation Sites: Amsterdam, Rotterdam and Utrecht, Netherlands 
Gronigan and Dusseldorf, West Germany. 

London Mat Industries, Ltd. 
P. 0. Box 292, Station B 
London, Ontario 
Canada N6A 08 

Contact: Home Holm, Vice President 
519-681-2980 

Technical Description: Manufacturer of switch mat sensors for 
passenger counting systems marketed under the tradename, MATEX 
treadles. Switching mechanism in the mats is completely sealed in 
pia8tic. Simulation testing of the mats suggests a five year 
product life is possible. 

Associated company, APC Systems, Ltd., manufacturers and markets 
Dynamic Controls Corporation passenger counter system outside the 
U.S. 

Installation Sites: Seattle METRO 
Southern California Rapid Transit District 
Paris METRO 

Pacena, Inc, 
7966 Winston Street 
Burnaby, British Columbia 
Canada V5A2H5 

Contact: Neil McClean 
604-420-2023 

Product Description: Pachina is developing a transit vehicle 
information system that can be used for passenger counting functions 
as well as monitor vehicle operating parameters (i.e., oil pressure 
or tire pressure.) The microprocessor control unit will accept 
signals from passenger counter sensors, odometer, clock, signpost 
receiver antenna, and a manual input console. The control unit can 
store up to 2000 stop records and 300 other records in packed 
format. Data transfer can be accomplished with a portable unit 
which stores data on 3 1/2 inch floppy disks or via bus radio for 
real time applications. 

Several diagnostic tools are also being developed. A portable 
status display unit will be available for testing sensor accuracy. 
Each vehicle can be equipped with an additional diagnostic unit to 
allow drivers to monitor system functions. In addition, the Pachina 
system will provide a simulator for benchtesting the control unit 
prior to installation and a signature analyzer to assist technicians 
in locating problems. 

Installation Sites: Awarded contract for Seattle Metro expansion. 
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Red Pine Instruments, Ltd. 
(formerly Isaacs Associates) 
RRI 
Denbigh, Ontario 
Canada KOH 110 

Urban Transportation Associates, Inc. 
7111 Hamilton Hills Drive 
Cincinnati, OH 45244 

Contact: Paul and Dianne Isaacs 
613-333-2776 

Product Description: Red Pine Instruments has developed and is 
marketing a complete passenger counter system with the following 
features: 

Photoelectric (infrared) beam sensors located on vehicle 
stairwells; 

Microprocessor based control unit with a clock and interfaces 
to counting sensors and vehicle odometer; and 

External receiver using a portable disk or infrared data unit. 

The control unit can store up to three days of data. The portable 
disk unit stores data on floppy disk; the infrared link temporarily 
stores data on buffer unit which automatically sends data to the 
computer. AC line operated power supply provides power supply for 
portable disk unit for transferring data to host computer. 

Red Pine is currently developing a series of functional data 
collection units that may be interconnected to form a modular 
system. A prototype of the system is currently being tested. This 
system includes a microprocessor based passenger counter control 
unit with interfaces to counting sensors and a door switch and a 
microprocessor based supervisor unit with interface to passenger 
counter control unit and vehicle odometer. In this system a 
passenger counter control unit would be installed at each door with 
sensors so that vehicle wiring requirements are localized. Global 
wiring is limited to a single 4-conductor cable which links the 
passenger counter control units. 

Installation Sites: TRI-MET 
OC Transpo 
Quebec City 
City of Calgary 

RBA, Inc. 
Routeware Systems Division 
3550 Hulen Street 
Fort Worth, Texas 76107 

Contact: Robert French, Director 
817-731-2711 

Product Description: RRA has developed and tested a decentralized 
vehicular application that involves the use of an on-board computer 
and software for: 

Real-time mathematical analysis of the differentially 
sensed vehicle dynamics to deduce the vehicle's path. 

Simultaneous sap-matching to correlate the vehicle's path 
with a route programmed on a digital tape cassette. 

In effect, the on-board computer continuously monitors the vehicle's 
track and superimposes it on a digital map to determine the 
vehicle's path and instantaneous location. Minor displacements in 
the computer-perceived track are compensated by matching the 
apparent path to the programmed route. 

Installation Sites: None 

Contact: Keith Armstrong 
513-232-5283 

Product Description: Urban Transit Associates leases and installs 
on-board, automatic data collection systems to transit agencies. 
The company also provides data processing and report generation 
services. The equipment used has the following features: 

dual beam infrared passenger counter sensors; 

microprocessor based control unit with interfaces to 
passenger counter sensors, electric odometer, signpost 
receiver antenna, and door status swtiches; and 

portable cassette reader. 

On-board data storage is accomplished with magnetic cassette tapes. 
Up to 14 days of data can be stored on one tape. A portable 
cassette reader is required to produce machine readable tapes for 
processing. 

Installation Sites: Kalamazoo Metro Transit, Kalamazoo, Michigan 
COTA, Columbus, Ohio 
CTA, Chicago, Illinois 

VBB-SWECO 
Linnegatan 2 
P.O. Box 5038 
S-10241 Stockholm 
Sweden 

Contact: Michael Gedda, Project Manager 
Telephone: 46-8-630380 
Telex: 17597 SWECO S 

Product Description: VBB-SWECO is an engineering consulting firm 
providing planning, engineering, and architectural services to 
public transit systems, primarily in Scandanavia but also in Europe, 
Africa, and the Middle East. VBB-SWECO markets a system called the 
Public Transit Data Collection System. 

This data collection system consists of a single control box and 
associated sensors to record the following information on to 
cassette tape: date and time, distance, running time, depsrture 
time, "door-open" time, arrival time, stop time and delay time, 
passengers boarding and slighting, and fuel consumption. The 
control box, measuring approximately 12 inches by 8 inches by 8 
inches, is designed to be installed behind the driver on either a 
bus or light rail vehicle. The unit contains a cassette tape 
recorder, a paper tape printer, and a 16 button keypad. Sensors for 
passenger counting, mileage, door monitors, and fuel consumption are 
connected to the control box via a multi-pole jack that is designed 
to make the unit itself completely portable. The current system 
operates on 24 volts. 

Installation Sites: Oslo, Norway 

AVM Systems, Inc. 
5050 Mark Parkway 
Ft. Worth, TX 76106 

Contact: Maurice Lanman 
817-625-2811 

Product Description: AVM Systems, Inc. supplies signposts and 
signpost receiver assemblies for automated data collection systems. 
The signpost is a self-contained battery powered unit which is 
mounted on utility poles. Every 0.7 second, it transmits a unique 
identification code. The code can be loaded or changed in the field 
with a portable signpost programmer. 

The signpost receiver assembly is installed on the vehicle and 
includes an antenna, receiver circuit boards, and cables. A low 
profile antenna, 20.8 inches long, 2.3 inches wide, and 2,6 inches 
high is installed on the roof of the bus. Two circuit boards are 
provided: a signpost receiver module circuit board and an error 
filter circuit board. The receiver circuit board provides an 
interface for an odometer. Typically the receiver can detect a 
signpost transmission 200 to 300 feet from the signpost. The 
signpost code, time, and odometer value are recorded when the 
vehicle arrives and departs each signpost area. AVM Systems also 
provides equipment for testing the system. 

Installation Sites: Seattle Metro 
Southern California Rapid Transit District 
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General Railway Signal Company 
A Unit of General Signal 
Box 600 
Rochester, New York 14602 

Contact: George G. Arena 
716-436-2020 

Product Description: The Transit Bus Fleet Management System 
developed by General Railway Signal (GRS) can collect data for real 
time applications and statistical report generation. It includes 
three major subsystems: 

A vehicle and wayside data collection subsystem capable of 
collecting, storing, accessing and transmitting the following 
data on a modular basis: passenger boardings and alightings, 
farebox information, vehicle location and time of signpost 
passing, trip and vehicle identification, and alarms. 

A two-way digital communications subsystem that transmits 
information from the vehicle to the central office data 
processing and display subsystem. The fleet dispatcher can 
transmit messages to vehicles and automatically control 
electronic vehicle destination signs. 

A central office data processing and display subsystem consists 
of three components. A microcomputer is used as a preprocessor 
to retrieve data from the vehicle and transmit data. A 
minicomputer, the control processor, is used for real-time 
applications while a second minicomputer generates statistical 
reports. For real-time applications, operational data are 
presented on an Out of tolerance exception-type' basis. 

Dynamic Controls Corporation equipment is used for passenger 
counting functions. Vehicle identification is accomplished with 
uniquely coded transponders mounted on utility poles. On-board 
interrogators read the code when the bus passes the transponder. 
The GRS system also provides software for management information 
report generation. 

Installation Sites: 

Twenty bus demonstration project at the Regional Transit 
Service in Rochester, New York planned for 1983-1984. 

Haul Prolectron AG 
Datenelecktronik 
Zurcherstrasae 10 
C}4-9500 Wil 
Switzerland 

Contact: K. Macmen 
Telephone: 073-22-36-22 
Telex: 88-32-46 

Product Description: }tani Prolectron designs, manufactures, and 
provides turn-key installations of computer-controlled communication 
and monitoring systems for public transit, primarily in Germany, 
Switzerland, and Austria. Hani Prolectron manufactures an on-board 
control unit it calls the IBIS (Integrated Board Information 
System). 

IBIS is designed to control/monitor on-board electrical devices. 
The IBIS control unit contains a 22 button keyboard and a two-line 
display of 16 characters each plus all electronics to control/monitor 
the peripheral devices connected to it. The unit, measuring 
approximately 8 inches by 4 inches by 6 inches, is mounted in front 
of the driver, on or near the dashboard. IBIS is designed to 
provide for the centralized control of the various electronic 
devices on the vehicle, including overhead destination signs, taped 
announcements, multi-trip ticket validating devices, etc. It also 
is designed to accept data from weight-measuring and passenger 
counting units and provide the interface for the transmission of 
this data via radio. Special input/output connections are provided 
for door switches, odometer pulses, and signals from wayside 
signpost transmitters. 

Installation Sites: Babe, Switzerland 
Frankfurt, West Germany 

Cubic Western Data 
5650 Kearny Mesa Road 
P.O. Box 85587 
San Diego, CA 92138 

Contact: John Hughes, Director, Marketing 
619-268-3100 

Product Description: Cubic Western Data has been manufacturing 
subway gates and ticket vending equipment for more than ten years. 
In 1983, Cubic began marketing its first on-board system, called the 
Fast Fare System. 

The Fast Fare System is fare collection and data collection system 
the nucleus of which is an electronic, registering farebox. The 
system performs all the functions of a farebox, including the 
counting and registering of revenue deposited into the vault. Fare 
category counts are provided via driver-activated push-buttons 
located on the front panel opposite the coin inspection window. An 
optional magnetic pass reader can be incorporated into the unit to 
provide pass verification and automatic counting of pass types by 
category. 

Installations: 

A pass reading device has been tested and evaluated by San Diego 
Transit. Fast Fare is a new product line that is expected to be in 
revenue service in the near ,future. 

General Farebox, Incorporated 
4619 N. Ravenswood Avenue 
Chicago, IL 60640 

Contact: Norman Diamond, Vice President, Marketing 
312-561-8700 

Product Description: General Farebox developed, manufactures, and 
markets CentsaBill, an electronic registering farebox. Introduced 
in 1982, it has the following characteristics: 

4 levels of automatic fare counting and 9 levels of 
driver-activated passenger classifications, 

Capability to accept and process all U.S. coins, two sizes 
of tokens, dollar bills, and tickets, 

C. 	Coin inspection plate and LED digital display to indicate 
the amount of money (coins and bills) inserted into the 
farebox, 

By-pass chute to allow the farebox to stay in service in 
the event of a coin mechanism jam. 

Data port for transmitting farebox data via infrared probe 
to GFI's data reporting subsystem. 

Optional driver activated route/run segmenter. 

Dollar values and quantity amounts registered and stored in the 
farebox are cumulative totals. The run/route segmenter can compile 
up to 100 records. When data are transmitted from the farebox they 
are immediately buffered into the data system computer. Information 
within the computer can be concurrently transmitted to a printer 
and/or modem or a cassette recorder. Each data system computer can 
support data transmission from 4 buses simultaneously. 

Installation Sites: Dallas Transit System 
Pre-award tests: Utica, New York; MARTA 
(Atlanta, Ga.); Washington Metropolitan Area 
Transit Authority. 
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Associated Electronic Service Pty Ltd 
P.O. Box 35 
Morley, Western Australia 6062 

Contact: Ken Gibson, Director, Marketing 
Telephone: (09) 275-4611 
Telex: AA92686 

Product Description: Associated Electronic Services manufactures 
and markets a nodular fare collection system with the following 
components: 

A ticket cancelling machine with optical scanner to 

validate tickets purchased off-the vehicle. An audible 
signal is used with valid tickets. Microprocessor stores 
time, route, and fare data. 

A conventional drop type farebox. 

A ticket issuing machines for off-vehicle ticket purchase 
or on-board fare payment. A dot matrix printer is used to 
print tickets. 

A console for driver input of route and fare zone data. 

An infrared control unit to input real time and date 
automatically into driver console. 

Data retrieval can be accomplished by portable unit or by radio. 

installation Sites: Perth Metropolitan Transport Trust, Australia. 

Control Systems, Ltd. 
The Island 
Uxbridge, Middlesex 
England 
088 2UT 

Contact: C.A. Bulley, Export Sales and Marketing Manager 
Telephone: Uxbridge 51255 
Telex: 22225 

Product Description: The Autofare 3 System is implemented with two 
major components: 

The solid state keyboard module records and stores data on 
passenger categories, revenue collected, and other 
identification. Fare data can be manually programmed to 
the 10 keys on the console or fare tables can be programmed 
into the memory for automatic fare calculation. The unit 
also contains an LED display for the driver, interface 
with umbilical for data transmission, and interface with 
other input devices such as a ticket cancelling machine. 
Summary printouts can be obtained from each machine. 
Operators are required to manually input identification 
data and fare categories. 

A separate ticket issuing machine which can be positioned 
away from the keyboard and bus doors. High quality 
alphanumeric tickets are printed. 

Other options available include a secure cash box, ticket 
validators, and VHF radio link. 

installation Sites: West Midlands PTE, Birmingham 

Microaystem Design, Ltd. 
Fleets Industrial Estate 
Willis Way 
Poole, Dorset 
England BH15 3SS 

Contact: R.J. Harding, Director 
Telephone: POOLE (02013) 70671 
Telex: 418469 

Product Description: The Wayfarer is a self contained unit for 
issuing tickets and recording data on the number of tickets sold in 
each fare category and the amount of revenue collected. It is 
permanently installed on the vehicle and operators are required to 
manually input identification data and fare categories. The machine 
issues 3-line alpha-numeric tickets based on a preprogrammed fare 
structure. Fare data can be manually programmed to the keyboard 
with a security key or a portable plug-in memory module for 
automatic fare calculation can be used. 

The operator keyboard contains 28 keys and allows for 8 preprogrammed 
fare categories and 20 preprogrammed destinations. The unit also 
contains an LED digital display for the driver. Summary printouts 
can be obtained directly from each machine. Each machine has a 
real-time clock calendar. Options available with the Wayfarer 
include ticket validator, pass reader, mileage recorder, remote 
ticket printer, and VHF radio link. 

Installation Sites: 

Test trials at Hants and Dorset Motor Services, the National 
Bus Company operator in Poole, Dorset. 

Ticket Equipment Limited 
Love Lane 
Cireocester, Gloucestershire 
England GL7 LYG 

Contact: C. Arszelewski, Export Sales Manager 
Telephone: Circencester (0285) 4161 
Telex: 43120 

Product Description: The microprocessor-based Timetronic ticket 
issuing and fare data collection system is composed of four pieces 
of equipment. 

A ticket issuing machine is installed on-board each vehicle. It 
contains a clock, programmable keyboard, two digital displays 
(one for the driver and one for the passenger), ticket validator, 
a memory module for fare tables, interface with a distance 
measurement module and with the Automatic Computer Entry (ACE) 
Module. The machine issues 3-line numeric tickets. Individual 
trip or multiple trip tickets can be issued. The ticket issuing 
machine records and stores a daily record of opening and closing 
cash balances. The Timetronic can print Out data stored in 
memory. The driver is required to input identification data and 
passenger categories. 

ACE Module assigned to an individual driver, is a plug-in solid 
state memory module used to record and store data on the number 
of passengers in each fare category, revenue collected, and 
tickets cancelled by route during each driver's duty cycle. 

ACE Encoder personalizes each ACE module with the driver's per-
sonal security number and maintains a file on ACE module usage. 

ACE Reader, located in garages, is used to transfer data from 
ACE modules. It can provide a printout of data for each module 
or summary statistics from all modules at that garage. All data 
are read onto discs for subsequent processing. 

A fare module with the complete fare structure can be plugged into 
the ticket machine to provide automatic fare calculation. 
Alternatively, up to 24 fare categories can be programmed directly 
Onto the keyboard by transit agency staff. The driver can also use 
the keypoard for entering fare values, 

Installation Sites: 

Over 1,000 Timetronic machines and supporting equipment are 
being introduced at 8 subsidiaries of the National Bus Company. 
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APPENDIX I.D 

INFORMATION PROCESSING 

An automated data collection system can generate a wealth 
of data to the point that it can rapidly become overwhelming. 
Perhaps the most extensive attempts at extracting management 
information from this type of data have taken place in Cincin-
nati, Ohio, and Los Angeles, California. For a number of years, 
the Urban Transportation Laboratory, a cooperative program 
involving the city of Cincinnati, the Southwest Ohio Regional 
Transit Authority, and the GM Transportation Systems Divi-
sion, worked on developing an automatic vehicle monitoring 
management information system for the Queen City Metro bus 
system. The project is no longer active but its products were 
extensive. The types of reports developed continue to serve as 
models for the information products to be obtained from an 
automated data collection system and several transit properties, 
notably Kalamazoo and Columbus, use many of these report 
formats and basic routines. 

The work by the Southern California Rapid Transit District 
(SCRTD) in Los Angeles is a continuing effort that builds on 
the Cincinnati experience to support its own automatic vehicle 
monitoring system. Several reports have been published on the 
design and structure of the SCRTD management information 
system (1, 2, 3). 

Except for these two efforts, the data processing aspect of 
automated systems has tended to mirror the hardware devel-
opment. The systems that have been implemented to date have 
been incomplete and customized to specific site needs and re-
sources. Data collection is usually undertaken in systematic 
fashion, but a rigorous information program has not been es-
tablished. Information continues to be gathered for special pur-
poses or special requests, in large part because the efforts to 
date have had to concentrate on the hardware and data collection 
aspects leaving few resources available for developing an inte-
grated information system. 

As a consequence, there is little published information on the 
data processing requirements of automated data collection sys- 

tems. The NCTRP research, therefore, includes a task in which 
these requirements are to be identified. The following presents 
the general data processing requirements and subsequently ex-
pands on these general requirements to provide greater detail 
on the type of output that can be produced and the ancillary 
information needed to generate these outputs. 

In much the same fashion as previously adopted in presenting 
the hardware elements of an automated system, the data proc-
essing aspects of automated data collection are discussed in 
terms of an overall design that could, but need not be, a basis 
for further development. The purpose of this is twofold: first to 
address the requirements for data processing in an informative 
manner that avoids reference to particular implementations, 
computer languages or computer characteristics, and second to 
attempt to move one step closer to greater standardization. 

I.13.1 SOFTWARE REQUIREMENTS 

The volume of data that is generated by automated data 
collection systems precludes manual processing. Software is 
needed to sort, aggregate, and maintain data and to extract 
management information. The following discusses these soft-
ware requirements. 

On-Board ProcessIng 

In general, some on-board processing is necessary if only to 
achieve the appropriate format and to delineate data identifiers 
such as run and route number. Software is also required to avoid 
recording errors such as missing and/or inconsistent data. The 
system controller microprocessor program provides control of 
all data transfer operations between modules and acts as data 
monitor and manager for the overall system. 



Processing the Data 

Validation, referencing, file construction, and file merging 
operations take place after the data have been extracted and 
transmitted from the vehicle to the computer. Before any data 
are manipulated, the data must be screened to ensure validity 
and completeness. In addition, in a modular system, software 
is necessary to preprocess data records both to delete data that 
are not used by the specific transit agency and to ensure that 
the format is compatible with preexisting processing hardware 
and software. 

Data records from the on-board automatic data collection 
system are then correlated with actual stop and trip locations. 
Two approaches can be taken: 

For systems without signposts, scheduled time and dis-
tance files are matched with recorded time and distance data 
to identify specific counts with the appropriate bus stop. 

For systems with signposts, signpost files are matched with 
signpost records and data are edited to identify vehicle trip and 
stop records. 

Once the data and schedule files are merged, a complete 
master file is created which contains data observations on a trip-
by-trip basis. As information is also normally required on a 
route-by-route basis, additional software is used to transform 
the master file into data files for scheduling and other appli-
cations.  
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that will be retained and charges will be incurred for maintaining 
the data. More significantly, considerable time and effort must 
be devoted to establishing the procedures by which data will be 
periodically reviewed, updated, and archived and to maintaining 
a custodial role over this archive, including data retrieval and 
reporting from historical files. 

I.D.2 THE DATA PROCESSING ACTIVITY 

Figure I.D- 1 illustrates the overall data processing function. 
Data are collected from the vehicles and subsequently trans-
ferred to a computer for initial data screening and validation. 
This process continues in the next step so that the bus-oriented 
data are appropriately referenced to identify trip, time points, 
and other delimiters useful to constructing route-oriented data 
files. Finally, the data are processed into specific files corre-
sponding to the management information reports that will be 
produced. Throughout the procedure, various external files are 
accessed to check data validity and/or supplement information. 

Transferring the Data to the Computer 

The first data processing step occurs when the data are trans-
ferred from the on-board units to the computer. Typically, this 
is a two-stage process in which the data are first transferred to 
a data retrieval unit at the service island or other location that 

External Files 

Data files to support and supplement the automated data 
collection system must be developed and maintained. These 
external files, which are described in Appendix I.E, include: 

ON-BOARD 
DATA STORAGE 

Data EccractLon (Data/Tine Verifjcacjo) 

Computerized schedule data to match time data collected 
from the system. 

Computerized mileage data to correlate data counts with 
specific bus stops. 

Computerized signpost data to correlate signpost records 
with specific signposts. 

Computerized timepoint location and deadhead distance 
files for RUCUS applications. 

DATA RETRIEVAL 
UNIT 

Data ExcactLon (Cinelal Z:or ScreenjnN) 

I 	COMPUTER 	I 

Data VaUdat.on and Ref arancng 

Generating Management Information 

The data on ridership activity, running times, and schedule 
information stored in the master file are used to produce man-
agement information reports and summary statistics. Software 
is required both to specify construction of the reports and to 
generate summary statistics desired by the specific transit 
agency. 

TRIP-REFERENCED I 
BUS FILE 	I 	

VEHICLE PROFILES 

FUe Ccnscrtccioo 

CALCULATED-DATA 	 .1  vnicLz-scxric 
BUS FILE 	 I 	REPORTS 

CpdacLg and Segnenca:Lon 

Updating and Archiving of Data and Information 

An often overlooked step is the activity associated with main-
taining an up-to-date data base and whatever historical record 
is required. Off-line data storage must be planned for all data 

MANAGEMENT 
REPORTS 

Figure LD-1. General data flow. 
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provides temporary storage of the data. The transfer from this 
intermediate storage to the computer occurs at a later point in 
time—perhaps the following day. 

Figure I.D.-2 illustrates the data transfer operation. The first 
stage of this operation, the transfer from the on-board unit to 
the data retrieval unit, is essentially a hardware function. The 
data retrieval unit requests the data and the on-board unit re-
sponds by transmitting the data. Typically, a data checking and 
retransmission procedure is standard, as are safeguards to ensure 
a positive connection and the completion of the transmission 
before the on-board unit is cleared. The data retrieval unit should 
provide an appropriate header to tag the data to indicate the 
time and date the data transfer was started and completed, and 
the time and date maintained by the on-board unit. These time/ 
date references are required in all data systems—in clock-based 
systems to detect units incorrectly set and in nonclock units to 
provide a reference for backtagging data. 

In the second stage, the transfer from the data retrieval unit 
to the computer, data screening, and validation begin. As in the 
previous stage, the data transmission monitoring is a standard 
hardware function. The first action in the data screening is to 
compare the data and time provided by the retrieval unit with 
that obtained from the on-board unit. If there is a discrepancy, 
the incident is recorded in another file called a trouble report 
file and processing continues using backtagged data. 

The next step is to identify the bus number associated with 
the unit from which the data came. This is a simple look-up 
operation, requiring access to an external file that matches bus 
numbers and machine numbers (and installed dates). This file 
is required in all systems—even where bus number is a driver 
or dispatcher set feature and is recorded by the on-board unit. 
Whenever a file is accessed for data verification and a mismatch 
is detected, the incident is entered into the trouble report file 
and processing continues with corrected data or is halted until 

ON—BOARD 
DATA STORAGE 

Monitoring of Data Transmission Errors 

Tag Data with Time/Date Stored in 
On—Board Unit, Time/Date of Transfer, 
and Retrieval Unit Identification 

DATA RETRIEVAL UNIT 

For Each Stored Bus File: 

Monitor/Correct Data Transmission Errors 

Compare Date/Time of On—Board Unit 
and RetrIeval Unit (Back Tag as Necessary) 

Identify Bus Number 

Segment File by Date Data Collected 

Annotate File with Day of Week DATA CONDITIONS FILE 	
Indicator and Other Conditions e.g. 
Weather 

f

Annotate File to Identify Data 
Split During Owl Run 

DATA PROCESSING STATUS FILE 

COMPUTER 

Figure LD-2. Data transfer to computer. 
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the error is resolved depending on the severity of the mismatch. 
In the case of an incorrect bus number, the assignment file 
would be presumed correct and processing would continue with 
adjusted data. 

Since a particular vehicle file may contain more than one 
day's data, the next step is to segment the data by date. To 
avoid splitting the data in a large number of owl runs, the period 
defining a day should not end at midnight but perhaps at 3 AM 
to 4 AM in the morning, and should be user definable. At this 
point, each segment is then annotated with additional infor-
mation, such as a code to indicate the weather conditions ex-
perienced on that day and whether or not the date was a holiday, 
a school day, etc. This operation would be completed auto-
matically by referencing a file called the data conditions file. 

The final step in the preliminary screening process is to tag 
the data to indicate whether or not an owl run has been split 
during the segmentation of the data by date. This indicator 
would be used subsequently to avoid erroneous data calculations, 
e.g., to avoid exaggerating the number of reported trips. This 
annotation could be achieved by inspecting the data (via the 
computer) to ascertain whether or not a distinct break in the 
data occurred around the breakpoint. Alternatively, the com-
puter could assess an external file to determine if a particular 
vehicle has been assigned to an owl run on a particular date. 
The former is the preferred procedure since one less piece of 
information must be updated. 

The major product of this preliminary screening is a set of 
bus files segmented by date. Secondary outputs are trouble re-
ports and status reports. Trouble reports identify data/infor-
mation mismatches, while status reports identify useful 
processing statistics such as number of record/vehicles proc-
essed and days/dates covered by the records transferred. 

Data Validation and Referencing 

The next step is the most difficult. Here, the data are trans-
formed from vehicle-oriented files to trip-oriented files. The 
process contains the majority of the data validation procedures 
and entails the most access to external files to complete this 
verification. 

Figure I.D-3 illustrates the general procedure and Figures 
I.D-4 and I.D-5 provide additional detail. The process begins 
by identifying the first scheduled assignment as logged on a 
dispatcher's assignment sheet. Then, by accessing a data file 
defining this assignment, the route, initial time point, and other 
characteristics are determined in order to identify the data rec-
ord corresponding to the start of the trip and likewise the end 
of the trip. From there, the processing continues until all trips 
are identified. 

Figure I.D-4 illustrates the procedure where signposts are 
deployed at time points and trip terminals. If signposts are 
deployed at route terminals, the process of trip referencing is 
eased considerably. Supplemental cross-checks to detect and 
account for missed assignments, unexpected turnarounds, etc. 
are highly desirable to preserve the greatest amount of data. 
However, such could be viewed as optional features if one is 
prepared to accept the loss of some data. 

Lacking signposts, trip referencing must rely on a combination 
of manual input data, time data, and distance data. Figure ID-
5 illustrates this relatively complex procedure. If drivers could  

be relied on to delineate accurately and reliably the start and 
end of a trip and enter identifying information, manual input 
data alone would be sufficient for trip referencing. However, 
such is not the case, and even if these manual inputs are available 
their validity must be considered suspect and verified contin-
ually. If manual input is not available, the search for the start 
and end of a trip depends on either time or distance referencing. 
Matching of time with schedule time may be even more unre-
liable than depending on manual input because on-time per-
formance must be assumed. Therefore, time referencing typically 
takes the form of inspecting the data to determine layover pe-
riods. Distance matching is a preferred alternative, but it re-
quires substantial data collection of its own to establish the 
reference file. 

Whichever data referencing scheme is adopted—ideally the 
software should permit the user to select a combination—some 
data will not be usable. The trip referencing must report uni-
dentified data and attempt to recover, so that processing can 
continue without manual intervention. At the end of each file 
processed, the user should have the ability to intervene to correct 
recognizable errors if so desired. As a minimum, the software 
must provide a report that enables the user to ascertain how 
successful the referencing was, and how much of the data was 
determined unusable and marked for discarding unless further 
intervention is taken. 

System-Level File Construction 

Having screened the data to delineate usable trip information, 
the next operation is to extract and maintain the data to cor-
respond to the information needs of the transit property. This 
will be initiated in this step and completed in the subsequent 
one. 

Figure I.D-6 illustrates the transformation of the previous 
trip-referenced bus files into three primary files: 

Vehicle Profile Files. 
Time Point-Trip Files. 
System Statistics Files. 

Vehicle profiles are provided to generate the type of graphic 
output commonly used to inspect the loading of individual buses. 
These files are also the primary archives of raw data. The Time 
Point-Trip Files contain the data and derived information rel-
ative to each trip sampled. The System Statistics Files contain 
the data and information that cannot generally be associated 
with individual trips. This file would, for example, maintain 
data relative to deadheading, total hours and mileage, and so 
on. 

The same process is followed for each trip in the file. The 
first step is to examine the passenger load at the beginning and 
end of the trip. This requires stepping through all the data since 
the previous trip end and computing the passenger load. If either 
or both the trip start or trip end indicate a nonzero value, the 
passenger count data can be tuned to attempt to correct for 
known sensor counting errors. The results of this tuning are 
then applied to the data before proceeding. 

The processing resumes at the start of the trip and at this 
point information pertaining to activity between trips (e.g., dead-
head mileage, layover time between trips, etc.) is transferred to 



DATE-SEGMENTED 
BUS FILE 

For Each Day's Data in Each Bus File: 

FIL VEHICLE DISPATCH 	E Identify Vehicle Assignments: 	Run 
Numbers, Block Numbers, Pull-Out and 
Pull-In TImes 

Match VehIcle Pull-Out on First Assignment 

FILE Identfv Route of Initial Scheduled Trip 

EROUTE-SIGNPOST FILE Identify Trip Star: From Signpost I.D. 

RUN-DEADHEAD FILE J Verify Distance (or if Signpost not - - - - 	- Present, Determine Trip Start via 
Distance) 

Determine and Tag Data with Direction 
or travei 

ROUTE-SIGNPOST FILE Identify Trip End From Signpost.I.D. 

rROIrrE DISTANCE FtLE Verify Distance (or if Signpost not 
L Present, Determine Trip End Jsing -------------- - 

Distance) 

TROUBLE  ReDort Data Mismarch 

EMANUAL 	NTERvENT1oN Data Error Resolution 

Ccn:inue ?rocess jntll A!]. Trps 
Identif jed 

ID 

Data-Segmented 
Bus File 

Beginning at End of Previous Trip 
(or Pull-Out) 

I 	SCHEDULE FILE 	I 
	 Identify Route and Run of 

Succeeding Trip 

I ROUTE SIGNPOST FILE I 
	 Compare Signpost Records with List 

of Signposts Numbers Corresponding 
to Route Designation of Trip 

Identify Starting Location of Trip 

I ROUTE SIGNPOST FILE I 
	

Determine Signpost Numbers for Next 
Signpost both Inbound and Outbourd 

Identify Direction of Travel from 
Next Signpost Record Examined 

Compare each Signpost Record with 
List of Signposts 

I ROUTE SIGNPOST FILE 
	 Processing Continues until Signpost 

Off Route Identified or a Reversal 
of Direction Detected 

Identify Trip End--Previous Signpost 

ROUTE AND TRIP 	I 	 I 	Route and Trip 
REFERENCED BUS FILE 	 Referenced Bus File 

Figure LD-3. Data validation and referencing. 	 Figure I.D-4. Signpost trip referencing. 



Date-Segmented 
	

ROUTE AND TRIP 
Bus File 
	

REFERENCED BUS FILE 

Beginning at Trip End of Previous 
Trip (or Pull-Out) 

SCHEDULE FILE 	 0 Identify Route and Run of 
Succeeding Trip 

DEADHEAD DISTANCE MATRIX 	 I Determine Deadhead Distance 
Required Before Next Trip 

SCHEDULE FILE 	 0 If Previous Trip Not on Schedule, 
Adjust Layover Assumption (Optional) 

Search for Vehicle Layover Time 
Interval 

DEADHEAD DISTANCE MATRIX 	 0 Verify Identified Layover Point 
Based on Distance from Trip End 
(Optional) 

Identify Start of Trip 

ROUTE DISTANCE FILE Set Distance Window for Trip End 
(Optional) 

RUNNING TDE FILE Set Time Window for Trip End 
(Optional) 

Identify Trip End from Driver 
Command or Idle Records 

Verify Trip End using Distance/Time 
Windows 

Route and Trip F ferenced Bus File 
Figure LD-5. Time and distance trip referencing. 

For Each Trip in Each Bus File: 

Examine Passenger Load at End of Trip 
and If Non-Zero, Tune Data 

SYST4 STATISTIC FILE Calculate Between-Trip Information 
and Transfer to System Statistic File 

Compute Between-Time-Point 
Statistics 	(On/Off, 	Load, Mileage, 	Etc.) 

ROUTE-SIGNPOST FILE Identify Next Time-Point 

SCHEDULE FILE Determine Running Time and Schedule 
Deviation 

Reset Between-Time-Point Statistics 
and Continue Processing, Maintain Cumulative 

SYSTEN STATISTIC FILE Store Aggregate Trip Statistics 

Continue Processing for Each 
Trip in File 

BUS PROFILE FILE Construct Bus Profile and Store 

TIME POINT-TRIP FILE 

Figure LD-6. Construction of system-level data files. 
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the file called the System Statistics File. Each data record is 
then examined sequentially until the first intermediate time point 
is identified. During this search, statistics for the trip segment 
are computed. These include information on the total number 
of passengers boarding and alighting since the previous time 
point, the maximum passenger load between time points, and 
the distance from the previous time point at which the maximum 
load was detected. 

The procedure for identifying a time point location is similar 
to that for identifying the end of a trip. If signposts are deployed 
at time points, the location procedure is greatly simplified. If 
signposts are not used, a distance matching procedure can be 
used. Reference 4 details such a procedure. When a time point 
is identified, the data pertaining to the between time point ac-
tivity become permanently associated with the time point. At 
this point, additional statistics such as running time and schedule 
deviation are calculated and the processing continues until the 
entire trip is segmented into time points. 

At the end of each trip, additional aggregate statistics are 
transferred to the System Statistics File and the entire process  

continues until all information in a particular bus file is proc-
essed. At this point, data are still maintained in a vehicle ori-
entation and intervening records between time points are still 
present. However, the final product of the step will be a time 
point-trip file in which intervening records are discarded. There-
fore, if stop-by-stop profiles are desired or vehicle-oriented files 
are to be retained, files for this purpose must be created at this 
point. The vehicle profile provides this storage. 

The three files produced in this step form the basic input to 
external procedures including the various management reports 
and other routines such as RUCUS and maintenance planning. 

Report File Construction 

The final step in the data processing is to use the three major 
files to update and maintain the specific management infor-
mation needed. Individual files are created for each of the man-
agement reporting functions desired. Figure I.D-7 illustrates this 
process for one of the management reports—running time. 

Time Point Trip File 

For Each Trip in Time Point Trip File 

Select Report Period (Specify Dates that 
will be Reported) 

Select Level of Report Aggregation 
(Default Parameters for Aggregation by 
Day of Week, Time Interval, Etc. 
Predetermined) 

Set Data Selection Conditions—For 
Example, Based on Established Data 
Sampling Plan (Optional) 

Compute Running Time Average 

Caluclate Running Time Deviation 

Increment Sample Size 

Running Time File 	 C.mpare Running Time Averages with 
Scheduled Running Times 

ormance Standards File 
	 Measure Running Time Deviations Against 

Running Time Performance Standards 
(Optional) 

Running Time Devia- 
tion Summary Report 	 Figure I.D-7. Running time summary report. 



Data are appended to each management report file directly 
from the Time Point Trip File by stepping through the latter 
file and extracting the appropriate and relevant information. 
The first stage in this process is to determine whether or not 
the data supplied by the particular trip conform to the sampling 
plan and therefore maintain the random integrity of the infor-
mation. This is an important step in that it ensures that data 
transferred to the management reports do not introduce a bias 
that will undermine the random nature required in the sample. 
Depending on the type of data, this screening may be extremely 
rigorous or very general. For some route-level statistics, such 
as ridership and passenger mileage, it may be important to 
exclude certain trips because they would introduce a bias. For 
other statistics, such as the running time between points during 
specified time periods, a significant bias may not be introduced 
by accepting all the data if the time intervals are of sufficiently 
short duration and only averages are sought. 

Once the trip data have been examined and determined ap-
propriate to the management information, it is a routine oper-
ation to update the management report file. In the case of the  
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example shown, running times from the trip are used to compute 
new averages and the sample size indicator is incremented. 
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APPENDIX I.E 

EXTERNAL DATA FILE DESCRIPTIONS 

The more significant external data files referenced in Chapter 
1.3 and Appendix I.D are described here, in alphabetical order. 
Descriptions, which include the purpose of the file and the 
definition of its contents, are presented for the following: 

Data Conditions. 
Deadhead Distance Matrix. 
Performance Standards. 
Route-Distance.  

Route-Signpost. 
Running Time. 
Schedule File. 
System Assignment. 
Time Point-Trip. 
Vehicle Dispatch. 
Section 15 Summary File. 

Other files have similar data contents and structures to these 
files. 



DATA CONDITIONS FILE 	 DEADHEAD DISTANCE MATRIX FILE 

Purpose 

The Data Conditions File is used to characterize the conditions 
under which the data were collected e.g., weather conditions. The 
file serves two purposes. 

The file is used as a reference file to annotate other 
data files with information describing the conditions on 
the date of the data collection. For example, 
date-of-the-week labels and school day or holiday 
indicators would be provided by the data conditions file. 

The file also serves as an index and status file. It 
provides information indices that can be used to 
facilitate data access and retrieval and can be used to 
inspect the conditions under which data have been 
collected. For example, the file could be used to 
characterize the data set and identify data conditions 
that need additional emphasis. 

File Contents 

For each date in the data collection period: 

Calendar Date 
Day of the Week Label or Code 
Weather Condition Code 
School Day Code 
Holiday Code 
Trips Sampled 

File Construction and Maintenance 

The complete file is constructed prior to each data collection 
period. Data elements that cannot be supplied at the time of file 
construction i.e., weather and trips sampled, would remain blank to 
indicate that they have not been entered. At the beginning of each 
computer session, the computer compares the sign-on date and queries 
the user for the codes for prior unassigned dates. Data pertaining 
to the number of trips sampled is computer generated during the data 
processing. 

Purpose 

The Deadhead Distance Matrix contains the between-route 
terminal travel distance for all deadheading. The file is used to 
help identify the starting points (and records) in the absence of 
signposts. For route changes between trips, the file identifies the 
distance between the previous trip terminal point and the layover 
location of the succeeding trip. Where the route does not change 
between successive trips, the matrix contains an appropriate code to 
indicate whether or not the terminal points for the trip start and 
trip end are identical locations to help avoid errors caused by 
intervening data records. 

File Contents 

For Each Route: 

For Each Terminal (and Turnaround Point): 

Code Characterizing Terminal 

Distance to Each Other Terminal 

The file contains a matrix of distances in which the diagonal 
consists of the code identifying the type of movement between trip 
end and trip start on the same route and ostensibly the same 
terminal. 

File Construction and Maintenance 

The file requires considerable effort to develop since it 
requires collecting data on distance between all terminal points. 
It should be considered an embellishment and incorporated only if 
excessive data errors are encountered in trying to detect trip ends 
via procedures employing only time and route distance. 



PERFORMANCE STANDARDS FILE 

Purpose 

This file is used to maintain site-specific performance 
standards used in various reports as measures of efficiency and 
effectiveness. Passenger loading standards are typical of the types 
of standards contained in this file (the file contents described 
pertain to these standards). However, the file would contain all 
relevant quality of service and productivity standards that would be 
used in the reporting process. 

File Contents—Passenger Loading 

For Each Type of Vehicle in The Fleet: 

For Each Time Period (or Other Defining Parameter): 

Vehicle Type Code 
Time Period Code 
Load Standard 

File Construction and Maintenance 

In general, the file has a one-time set-up and is relatively easy to 
establish and maintain. 

ROUTE DISTANCE FILE 

Purpose 

The Route Distance File contains the measured distance from the 
terminal of the route to each time point along the route to the 
opposite terminal. The file is essential to distance matching 
procedures to identify vehicle location. 

File Contents 

For Each Route: 

Route Number 
Terminal or Time Point Sequence Number 
Cumulative Distance to Time Point 

File Construction and Maintenance 

The file requires considerable effort to construct and requires 
significant data processing to use reliably. 

ROUTE SIGNPOST FILE 

Purpose 

The Route Signpost File identifies the location of all 
signposts deployed on the system. Its primary use is to reference 
data to location on a route. However, it also can be used to verify 
vehicle assignments, to denote direction of travel, and to verify 
and correct odometer data. 

File Contents 

For Each Route in The Transit System: 

Route Number 
Signpost Identification Number 
Type of Signpost (Terminal, Turnaround, etc.) 
Schedule Reference (Time Point Number) 
Location Label 
Distance to Next Signpost (Optional) 

Special data records would be used where signposts are deployed 
at garage or service island locations. 

File Construction and Maintenance 

A significant initial effort is required to construct the 
initial data file, particularly if distance measurements are entered 
into this file. Subsequent efforts to maintain the file are minimal 
if signposts are programmable so that if a signpost is removed it 
can be replaced with one that will transmit the same identification 
number. Route restructuring, however, will require file revision. 



RUNNING TIME FILE 	 SCHEDULE FILE 00 

Purpose 

The Running Time File serves two purposes:' 

It maintains the running times that were used in 
constructing the schedule. As such, it provides the 
base for the comparison of actual running times and 
scheduled running times. 

In time and distance-based trip referencing 
procedures, the file can be used to estimate the time 
of arrival at the end of the trip and thereby aid in 
the identification or verification of the end of the 
trip. 

File Contents 

For Each Route: 

For Each Time Period: 

Time Point Number 
Scheduled Running Time Between Time Points 

File Construction and Maintenance 

File contents are available from current schedule. Changes to 
the file occur only when different running times used in schedule 
construction. Ultimately, if running time averages were used to 
construct schedule running time, file updating and maintenance could 
become automatic. 

Purpose 

This file is the primary means by which the data is linked to 
the route, run, and trip. It is the most extensive external file in 
that it contains the arrival and departure times at each time-point 
and trip terminal broken down according to vehicle block. The file 
is used to segment the data into the trip-oriented data required by 
the Time-Point/Trip File and to determine schedule deviations. 

File Contents 

Multiple files are maintained—one for each schedule e.g., 
weekday schedule, Sunday schedule, etc. Each file consists of 
multiple records broken down by vehicle block number and within 
vehicle block by run number and trip. 

For Each Vehicle Block in a Particular Schedule: 

Header record indicating pull-out time, initial run and 
initial route, and scheduled pull-in time. 

Multiple records defining scheduled trips (one per trip) 
each consisting of the following data elements: 

Scheduled Deadhead Time (if applicable) 
Scheduled Arrival Time at Terminal 
Route Designation for Trip 
Run Designation for Trip 
Relieving Run during Trip (if applicable) 
Relief Point Designation 
Scheduled Departure Time 
Schedule Time at Time Point i 
Scheduled Time at Time Point i + 1 (and All Remaining 
Time Points) 

Scheduled Arrival at Trip Terminal 

Ending Record has same format as a trip record except that 
pull-in time is indicated. 

File Construction and Maintenance 

File contents are available from current schedule. 



SYSTEM ASSIGNMENT FILE 

Purpose 

The System Assignment File identifies the vehicles (and the 
corresponding installation dates) to which each data collection 
system has been assigned. The file serves multiple functions. 

The file is used to reference the data to the vehicle on 
which the data were collected. The serial number of the 
data system and the date of the data recording are used in 
combination to identify the vehicle number. 

The file provides a general history and an overall system 
status. Special codes are substituted for vehicle numbers 
to indicate systems in inventory but not in use--units 
being repaired held as spares, etc. 

File Contents 

For Each Data Collection System: 

For Each Installation (or Change in Status): 

Data System Serial Number 
Vehicle Number (or Code) 
Installation (or Change) Date 

Three fields per record. Records arranged chronologically by 
data system. 

File Construction and Maintenance 

Input to file provided by copies of work orders where 
appropriate. Entry of updates would be through keyboard from the 
work orders using a special edit routine that would locate records 
by date and system number. 

TIME POINT-TRIP FILE 

Purpose 

File Contents 	 - 

For Each Calendar Date: 

For Each Route Direction: 

For Each Trip: 

Run Number 
Bus Number - 
Time Point Number 
Time 
Schedule Deviation 
Passengers on Between Time Points 
Passenger Off Between Time Points 
Passenger Load 
Maximum Passengers Between Time Points 
Stop Number for Maximum Load 

File Construction and Maintenance 

This is output file generated automatically by the computer. 

This file contains separate records for each trip sampled and 
provides the basic input for all subsequent information processing 
activities. 



VEHICLE DISPATCH FILE 	 SECTION 15 SUMMARY FILE 

Purpose 

The Vehicle Dispatch File maintáins the records of the vehicle 
assignments made by the dispatcher to vehicle blocks (or to driver 
runs at vehicle pull-out). It is one of the most important of the 
external files and can be used both to schedule assignments and to 
record assignments. 

As a scheduling tool, the file can be used to provide the 
dispatcher with a list of the vehicle blocks or driver 
runs that need to be covered on a particular date. A 
printed form could be generated to enable the dispatcher 
to enter only the vehicle number and the pull-out time 
when the assignment is made. The form would identify 
vehicle type when appropriate. 

Completed dispatcher logs would be used to enter into the 
permanent file the vehicle assignments. These would be 
used in subsequent processing to tag the data with data 
indicating the work assignment based on knowing the 
vehicle number. 

File Contents 

For Each Date that Data are Collected: 

Calendar Date 
Division or Garage Code 
Vehicle Block or Driver Run Number 
Type of Vehicle Code 
Vehicle Number Assigned 
Pull-Out Time 
Status or Error code 

File Construction and Maintenance 

Vehicle block assignments would be made and entered into the 
computer system and this schedule would be transmitted to the 
dispatcher. As vehicles are assigned, the dispatcher would note 
directly on this schedule the bus number and the pull-out time. The 
completed form would be returned for data entry. 

Purpose 

This file is used to maintain the passenger ridership informa-
tion required in U!ffA Section 15 reports. The day-of-the-week 
intervals are those defined by UfA: Weekdays, Saturday, and 
Sunday. Time-of-day intervals are preset as AN Peak, Mid-day, 
PM-Peak, and Night. Aggregate values are obtained for successive 
levels up to the system-level. 

File Contents 

For Each Route in The Transit System: 

For Each Route Direction of The Route: 

For Each Day-of-the-Week Designated: 

For Each Time Interval Designated: 

Passengers Boarded 
Bus-trip-distance 
Passenger Miles 
Bus-trip-time 
Passenger Minutes 
Capacity Miles 
Seat Miles 
Bus Trips (Sample Size) 

File Construction and Maintenance 

File generated automatically from the Time-Point-Trip File. 
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This appendix provides additional background and infor-
mation relevant to estimating equipped bus requirements for 
on-board automatic data collection systems to supplement Chap-
ter 1.4. Four major topics are addressed: 

Site-specific factors that may affect equipped bus require-
ments. 

Procedures for estimating data variability. 
Procedures for determining the confidence level of route 

data. 
Alternative approaches to statistically based sampling. 

I.F.1 SITE-SPECIFIC ISSUES AFFECTING 
ON-BOARD EQUIPMENT REQUIREMENTS 

The number of buses to be equipped with on-board, automatic 
data collection hardware will be influenced by several site-spe-
cific factors. These are summarized in Table I.F-1 and discussed 
briefly below. 

Data Sampling Scheme 

Gathering data on all trips on all routes every day is generally 
not feasible or necessary. Nor is it necessary to saturate a route 
with equipped buses for a short period of time. Statistically 
reliable inferences about passenger levels, schedule adherence, 
and fare collection can be made from a representative sample 
of bus trips selected randomly. The determination of an appro-
priate sample size involves trade-offs between acceptable ac-
curacy and cost. Larger samples typically result in greater 
accuracy but cost more in terms of equipment and data proc-
essing. 

Any number of mathematical equations which include the 
variables —population size, confidence level, tolerance level, and 
variability of the population data—can be used to determine 
the appropriate sample size. To implement these equations, the 
values for these variables must be selected or estimated. 

The population size refers to the total number of one-way 
bus trips operating during the data collection period. The pop-
ulation can be categorized in many ways to reflect the data 
needs of a transit agency—systemwide, operating division, 
route, and/or time period. The size of the population can be 
easily determined by counting the number of scheduled one-
way bus trips each data collection period for the appropriate 
category. 

The confidence level of a statistical calculation defines the 
proportion of the sample size which may be expected to contain 
the true value of the data being evaluated. The tolerance level 
indicates the desired accuracy of results. It indicates the range 

Table I.F-1. Site-specific issues affecting on-board equipment require-
ments. 

IMPACT ON EQUIPPED BUS 
ISSUE 
	

REQUIREMENTS 

Data Sampling Scheme 
Higher Confidence Level 
Lower Tolerance Level 
Greater Data Variability 
Multiple Data Collection Periods 

Transit Agency Operating Characteristics 
Bus Dispatching Procedures 
More Operating Divisions/Garages 
More Types of Vehicles 
Less Flexibility in Vehicle Rotation 
More Interlining and Trippers 

Data Collection System Imolenentation 
Philosophy 

Comprehensive Sample Coverage 
Special Study Requirements 
Utilization of Peak Load Counts 

Technology Constraints 
Increased Equipment Reliability 
Increased Counter Accuracy 

KEY: 
+ 	Increases the number of equipped buses required. 
O - Could increase the number of equipped buses required. 
- - Decreases the number of equipped buses required. 

around the observed value in which the true value is likely. For 
example, suppose a transit property chooses to measure average 
peak load at a tolerance level of 5 percent and a confidence 
level of 10 percent. If the measured average peak load is 60, 
there would be 90 percent probability that the true value is 60 ± 
3 or between 57 and 63 passengers. 

The confidence and tolerance level is selected by transit agen-
cies to reflect the accuracy desired. Route level data gathered 
at the 90 percent confidence level is recommended because these 
data can then be used to estimate systemwide totals for Section 
15 reporting that will meet UMTA's 95 percent confidence level 
requirements (1, pp. 41-45). 

The tolerance level selected by a transit agency should reflect 
the data item being measured, the type of route (i.e., capacity 
constrained, evening service, etc.), and the time of day being 
analyzed. Guidelines for selecting the appropriate tolerance 
level, which have been adopted in other data analyses being 
pursued by UMTA, can be used in this analysis (1, 2). Rec-
ommended tolerance levels are provided in Table I.F-2. 

Peak periods and capacity-constrained routes require higher 
confidence and tolerance levels and will require more equipped 
buses than other time periods. This is because a higher pro-
portion of the system's resources is assigned here and because 
this represents the primary management opportunities for de-
cision-making (1). Therefore, in determining automatic data 
collection system equipment requirements, it is only necessary 
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Table I.F-2. Recommended tolerances for basic data needs. 	 Transit Agency Operating Characteristics 

Data 	 Time 	Route 	 Recommended 
Item 	 Periods 	Type 	 Tolerance 

Route Level 

Load, 	 Peak 	Capacity 	+10% 
Bus Arrival Time, 	 Constrained 
Total Boardings, 
Revenue 	 Peak 	Not Capacity 	+15% 

Constrained 

Midday 	All 	 ±151  to +20% 

Evenings, 	All 	 ±30% to +507. 
Owl & 
Weekends 

Boardings (revenue) 	Peak,Mldday All 	 +20% 
by fare category 	Midday 

Evenings, All 	 +20% 
Owl & 
Weekends 

Boardings and 	All 	All 	 ±50  
alightings by stop 

Svsteswlde 

5Uinked passenger 	All 	 +101* 
trips, 

*Psssenger-miles 
Liaked passenger trips 

Required by Section 15 (at 95% confidence 1evei.) if route 1ev1 
data are obtaine at the tolerances recommended iere, SystenwiOe 
tolerance will generally be within ±10%. 

SOURCE: Attanuci, J., I. Burns, N. Wilson. "Bus Transit MonitorIng 
Manual: Volume I, Data Collection Design." Report No. UMFA-IT-09-
90008-81-1. Prepared for the Urban Mass Transportation Administra-
tion by Multisystems, Inc. and ATE Management Service Co. (1981) 
p.42. 

to focus on covering weekday peak hour sampling requirements. 
It may be assumed that if there is enough equipment to sample 
these trips, there will be adequate equipment to cover midday, 
night, and weekend service. 

Data variability refers to the fluctuations in passenger levels 
that can result from many factors: time of day, day of week, 
weather, traffic conditions, driver habits, etc. Patterns of within-
day variations have generally led transit planners to stratify data 
collection by time period, i.e., AM peak, midday, PM peak, 
evenings, and weekends. But even for these time periods, ri-
dership may vary from day to day. For example, AM peak 
ridership on a rainy Thursday before a holiday can be consid-
erably less than the previous Wednesday. The more variation 
between days, the more days must be sampled to obtain an 
"accurate" estimate of average daily ridership. 

To estimate data variability, it is necessary to have some prior 
knowledge about the variance of the data. Ideally, the variance 
is estimated mathematically using previously collected data on 
total boardings and passenger loads. Additional information on 
data requirements and procedures for estimating data variability 
is provided in Section I.F.2. 

The data collection period refers to the time frame in which 
the sample of bus trips is to be completed. The data collection 
period can be defined by the calendar (i.e., quarterly, semi-
annual, annual, etc.), seasonal service changes, or driver sign-
up changes. Since a complete sample should be obtained for 
each data collection period, the number of days in the data 
collection period will have a direct impact on the number of 
equipped buses needed. For example, quarterly data collection 
will require twice as many buses as semiannual collection. 

Of the five transit agency characteristics given in Table IF-
1, the ability to assign and dispatch equipped vehicles to specific 
vehicle blocks for data collection purposes is the most critical 
component of an effective automatic data collection program. 
Where this capability does not exist, transit agencies may be 
required to equip additional buses and/or to change dispatching 
procedures. In particular, transit agencies accustomed to dis-
patching vehicles on a first-driver/first-bus routine from a 
lineup in the garage will have difficulties in ensuring that data 
collection on individual routes is adequate. Because the order 
of the vehicles is determined by hostler activities, it may be 
difficult to assign equipped vehicles to a specific vehicle block. 
The lineup would have to be carefully controlled or the number 
of equipped buses would be determined by the number of lanes 
available. Ten lanes could easily require a 20 percent fleet in-
stallation even if only two vehicle types are involved. In this 
case, dispatching would require larger amounts of data collection 
and more equipped buses to ensure adequate route level sam-
pling, and special software would have to be used to extract the 
appropriate route level data from all of the data collected. 

Because equipped buses are assigned to a vehicle regardless 
of the route, run, or trip, dispatching equipped vehicles by 
vehicle block may not result in true random sampling. If suc-
cessive runs by the same driver are included in the sample data 
for a route, the data may be biased by driver performance. 
However, transit agencies may not perceive this as an urgent 
problem. 

For a given fleet size, the number of divisions or garages will 
generally have a small impact on overall equipment require-
ments. A greater number of buses will have to be equipped 
compared to simple sizing across the entire fleet. However, each 
division represents a smaller operation and the total typically 
will not be significantly greater. Nonetheless, it is advisable to 
consider each garage as an independent operation because, in 
most cases, vehicles cannot be rotated between divisions. 

General fleet characteristics, such as the types of vehicles in 
the fleet and the restrictions governing their assignment to 
routes, can have varying impacts on system sizing. In most 
instances, having more than one type of vehicle, e.g., standard 
40-ft coaches and articulated buses, will not increase the total 
number of buses, provided the number of types is small and the 
number of vehicles of each type is sufficiently large to permit 
a reasonable sampling program to be adopted. In this case, 
system sizing can be segmented in a manner similar to that used 
for multiple garages with the number of buses of each type being 
determined independently. Under some circumstances, however, 
fleet and operating characteristics could have a major impact. 
If certain types of vehicles must be assigned to specific routes, 
these routes should be considered independently from the re-
mainder of the fleet and separate equipment requirements de-
veloped. 

Other operating issues affecting the equipment and its de-
ployment include interlining and trippers. Interlining tends to 
be viewed as a problem in that it potentially increases the number 
of buses needed to survey a particular route simply because a 
lesser number of trips by a particular bus on the route is avail-
able for the sample and therefore one or more additional ve-
hicle blocks must be included in the sample. Each additional 
vehicle block would indeed represent an additional equipped 
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vehicle but only when sampling is viewed on a route basis. In 
a systemwide data collection program the data collected by a 
single vehicle block contains information appropriate to each of 
the routes within that block. "Off-route" data should not be 
viewed as unnecessary because it provides data that likely have 
to be collected anyway. In fact, interlining could be considered 
an unanticipated benefit in an overall sampling scheme because 
it tends to reduce the number of consecutive trips on the same 
route in the data sample. 

Interlining may increase overall equipment requirements to 
some extent, but it is believed that these effects can be held to 
a minimum by careful equipment allocation and judicious use 
of the data made available from the surveys by vehicle block. 
It is not believed that a significant bias would be introduced if 
assignments for the more critical routes were established first 
on the basis of requiring some minimum threshold of trips per 
vehicle block on that route and then assigning units to other 
routes on the basis of filling in the data not provided by the 
effects of interlining. In this manner, data could be salvaged to 
the maximum extent possible and system size ramifications kept 
to a minimum. 

Trippers are potentially a more significant problem than in-
terlining. These short pieces of work occurring typically in the 
AM or PM peak cannot be ignored. Although assigning 
equipped buses to cover these operations seems unproductive, 
precisely the opposite is the case. In much the same manner 
that a bus is removed from service when it is not needed to 
satisfy demand, data collection units not needed to satisfy spe-
cific data needs should be removed from service. This is not to 
say that drivers, for example, should be allowed to turn units 
on and off; rather, it means that artificial attempts to achieve 
maximum unit productivity should be avoided as being unpro-
ductive. Data needs during peak periods are more critical and 
deserve greater sampling. One way to avoid the processing and 
storing of the data is to not collect it and perhaps the most 
reliable means of achieving this is to consider trippers as legit-
imate vehicle blocks for data sampling. 

Automatic Data Collection System Implementation 
Philosophy 

A transit agency has many options available regarding im-
plementation and operation of its automated data collection 
system. While the majority of these choices are related to module 
and hardware selection, in some cases management preferences 
regarding system operation and implementation can increase 
equipped bus requirements. Among the most important consid-
erations are sample coverage, special study requirements, and 
use of supplementary point checks. 

Some transit managers perceive it is necessary to sample an 
entire route or corridor during one time frame (i.e., 1 to 3 weeks) 
in order to obtain an accurate picture of ridership and schedule 
deviations or to obtain input for RUCUS applications. This 
perception is not entirely accurate inasmuch as concentrating 
data collection into one time period can lead to an unrepresen-
tative sample. For example, if particularly bad weather occurs 
during the collection period, the data collected on that route or 
corridor would not necessarily reflect true ridership or running 
time patterns. 

Not only does ensuring that the data are representative be- 

come a problem, but also the number of equipped buses required 
will increase significantly if a transit agency attempts to sample 
an entire route at one time. Covering an entire corridor would 
require even more equipped buses. Since the equipment require-
ments are significant, most transit agencies that have imple-
mented automated systems have abandoned this concept 
recognizing that random sampling is a more effective and less 
expensive approach for ensuring collection of representative 
data. 

Similarly, some transit agencies may desire to have the ability 
to undertake special studies with the automated data collection 
system. In order to do so, more equipment than is required for 
a fixed sampling schedule may be necessary. 

Finally, transit properties may choose to reduce the amount 
of automated equipment required by supplementing the auto-
mated data collection effort with peak load counts undertaken 
by manual checkers. There are several circumstances where 
manual point checks might be cost effective: 

Transit systems with a radial route structure which do not 
require extensive route level boarding data can reduce equipment 
requirements with manual peak load counts. In a radial system, 
there are likely to be points at which a number of routes con-
verge, enabling a single checker to collect data at one time. 
Collecting the same data with an automated system would re-
quire equipped buses on all bus trips (1, p.34). 

Transit properties that currently employ checkers can use 
this staff to undertake point checks in lieu of other options 
(promotion, retraining, etc.) 

Technology Constraints 

Although reliability, maintenance requirements, and accuracy 
have been generally acceptable to transit properties that have 
implemented automated data collection systems, the reliability 
of the technology options selected will have an impact on the 
amount of spare equipped buses required to ensure adequate 
coverage. As reliability and sensor accuracy increase, spare 
equipped buses and spare parts decrease. 

The availability of data collection equipment will be domi-
nated by three factors: 

Vehicle breakdowns or accidents. 
Passenger counter sensor malfunctions. 
Fare collection equipment malfunctions. 

Although a rigorous analysis of the availability of data col-
lection systems has not been undertaken, an indication of equip-
ment availability can be obtained from the experiences in current 
applications of automated systems. These transit agencies report 
that only 85 to 90 percent of the equipment is in working order 
at any given time. At Seattle METRO, for example, 90 percent 
of the units are reported to be in working order on any given 
day (2, p.34). When bus breakdowns are taken into account, 
equipment availability is likely to be in the 85 percent range. 

For those transit agencies that intend to implement fare cat-
egory counter modules, equipment reliability problems are likely 
to cause more difficulties. Fare collection equipment malfunc-
tions are particularly significant because the bus is taken out of 
service until repairs can be made. At transit properties that have 
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implemented electronic registering fareboxes, equipment relia-
bility has tended to be low initially, improving over time (4). 
The potential impact resulting from the nonavailability of the 
fare element is not known, but it is reasonable to assume that 
it is close to that for passenger counters and therefore could 
inflate total equipment requirements by as much as 10 percent. 

The accuracy of the passenger counter sensors is generally 
acceptable to the transit properties using them because patterns 
of counter errors can be identified (i.e., boarding counts tend 
to be more accurate than alighting counts; sensors tend to un-
dercount rather than overcount). Software filters and reasona-
bleness checks can be employed to screen out inconsistent data 
and thus improve the accuracy and utility of the data. Some 
data must be discarded because of counter inconsistency or the 
inability to adequately correlate bus stop records with specific 
stops. In Seattle, for example, approximately 20 to 30 percent 
of the data was discarded from the system prior to signpost 
installation (2, p.34). Signposts are expected to significantly 
improve data utility. Expert judgment suggests that where sign-
posts are installed data usability may improve to approximately 
90 percent. 

l.F.2 PROCEDURES FOR ESTIMATING DATA 
VARIABILITY 

Ridership and running times on a given route may fluctuate 
because of time of day, day of week, weather, traffic conditions, 
driver habits, etc. An estimate of the amount of fluctuation 
(variance of the data) needs to be obtained because the variance 
affects the sample size required to obtain reliable estimates. As 
the variance increases the sample size requirement increases. 
Unfortunately, estimating data variability is not an easy task. 
Many factors cause passenger levels to fluctuate and it is difficult 
to isolate the impact of any one. In addition, prior knowledge 
of passenger behavior is required. The depth of this information 
determines the reliability of the estimate. 

Before an estimate of the variance can be obtained, the analyst 
must determine: (1) the level of stratification to be used. (2) the 
data resources to be used, and (3) the method to calculate the 
variance. 

Level of Stratification 

A stratification scheme that takes into account the ultimate 
use of the data and the available data resources must be selected. 
The level of data stratification selected will have a significant 
impact on the estimated variance. Generally, more aggregation 
is associated with less data variability. For example, ridership 
totals on a specific route during the PM peak will fluctuate 
more than systemwide daily ridership. Since data variability 
affects the amount of sampling required to obtain reliable es-
timates, stratifying the data will require more sampling. 

Data can be stratified in space and time. For transit purposes, 
spatial classifications are systemwide, corridor, route, route seg-
ment, trip, or bus stop. The spatial classification selected should 
reflect the use of the management information. 

Time-oriented stratifications include: time of day, day of week, 
week, month, quarter, etc. Generally, time of day, and day of 
week are used to stratify transit data collection because observ-
able patterns of ridership at this level of detail have led transit  

planners to develop schedules on this basis. Broader stratifica-
tions can be easily developed from these data. 

The minimum desirable stratification for estimating equipped 
bus requirements is by route and by time of day. This level of 
stratification should lead to reasonable equipment estimates. 
Smaller stratifications (i.e., peak period trip level data by day 
of week) would be more accurate and should be considered if 
data are available. Broader classifications (i.e., systemwide or 
weekly ridership) may result in very small equipment estimates. 

Data Resources 

Ideally, estimation of the variability of passenger behavior 
would be undertaken for each route by time period using at 
least 3 days of data on total boardings per trip (1, pp.49-51). 
At this level of analysis, estimates of the coefficient of variation 
for each route and each time period would be very reliable. 

Unfortunately, not all transit agencies have these data readily 
available or the resources to undertake extensive data collection 
to determine sample size requirements in order to estimate 
equipped bus fleet size. In the absence of detailed data, transit 
agencies may consider using other resources such as route rev-
enue counts or less detailed information that may be available. 
These may include: 

Peak passenger loads per trip. 
Route revenue accounts per day. 
Total route ridership per time frame. 
Route revenue accounts per time frame. 
Total route ridership per day. 
Expert judgment. 

Admittedly the estimates of data variability may not be as 
precise if these alternatives are used. However, they should 
represent relative fluctuations in passenger behavior. Disadvan-
tages of these data resources are discussed below. 

Use of peak load data may result in larger sample sizes than 
would result from total boarding data because peak loads fluc-
tuate more (1, p.50). While route revenue accounts may not be 
complete because they do not include pass usage, the accounts 
should reflect relative differences between trips or routes. 

As the time and spatial stratifications become broader (i.e., 
items 3, 4, and 5), the fluctuations in passenger behavior become 
less evident and sampling needs are minimized. For example, 
if daily systemwide ridership for the system is used, only a few 
days of counting for each data collection period may be required 
to obtain reliable results. Similarly, use of weekly or monthly 
ridership data per route would probably result in even smaller 
sample requirements. 

Expert judgment can be an excellent source of ridership vari-
ability estimates that should not be overlooked in the absence 
of hard data. While the estimates are not verifiable, experienced 
schedulers and planners often have a fairly accurate perception 
of ridership patterns. 

Calculating Measures of Variation 

Several statistical measures of data variability are available. 
The standard deviation and the coefficient of variation are the 
measures used to estimate data variance in computing sample 
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size requirements. Use of the coefficient of variation is recom-
mended in this manual because it offers several advantages and 
it is used in other related UMTA research (1, 3). 

The coefficient of variation is calculated by taking the stan-
dard deviation of the data and dividing it by the overall mean 
of the data. By dividing by the overall mean, it is possible to 
normalize the scale of each variance to enable comparisons 
among time periods, routes, or other data items. 

Statistical handbooks offer numerous options for calculating 
the coefficient of variation depending on the number of causal 
factors to be included and error correction terms (i.e., number 
of data points, number of days of data collection) that are 
included. An inexpensive programmable calculator can be used 
to estimate the coefficient of variation with the following equa-
tion: 

/(X_X
~_ 

m)2 

\Jn—1 
Coefficient of variation = _____________ 

Xm 

where: 
X = the value of individual data points (i.e., total passengers 

per trip, peak load per trip, etc.); 
Xm = the average value of the individual data points; and 

n = the number of data points used to make the estimate. 

The "Bus Transit Monitoring Manual" (1) provides work-
sheets for calculating between-day and within-day coefficients 
of variation which includes more error correction terms. Esti-
mates obtained from these procedures would tend to have 
smaller values than the estimates from simplified equations. 

I.F.3 PROCEDURES FOR DETERMINING THE 
CONFIDENCE LEVEL OF ROUTE DATA 

Table I.F-3 can be used to provide an estimate of the con-
fidence level of route data. If confidence level of the data for 
an individual route is less than desirable, transit agencies can 
increase the sampling for that route. 

In analyzing route level data accuracy, keep in mind that the 
value of Z is very sensitive to the value of N. Routes with a 
small number of peak direction trips per day may require large 
amounts of sampling to obtain data that are statistically reliable. 
The practicality and need for sampling a large number of sched-
uled trips should be kept in mind when analyzing the adequacy 
of route level data. 

I.F.4 ALTERNATIVE APPROACHES TO 
STATISTICALLY BASED SAMPLING 

Some transit agencies may elect to use a statistically based 
data collection program because of the improved accuracy of 
the resulting route level estimates. In a statistically based sample, 
a sampling plan for each route, by time period, would be de-
veloped reflecting the variability of ridership. Some routes would 
require a few days of data collection, other routes would be 
sampled more extensively. An approach for developing route 

Table I.F-3. Estimating confidence level of data for individual routes. 
Enter total number of peak direction trips in 
largest peak period on one day for the route.  

Enter the number of weekdays in the data 
collection period.  

Determine the total number of trips that will occur 
in the data collection cycle (N). Multiply line 1 
by line 2.  

Enter the number of days of data desired. 

Determine the sample size (n). Multiply line 1 
by line 4. 

Enter tolerance error (E). See Table 1.F-2. 

Default: 0.10 

Enter coefficient of variation M. See Section i.F2. 

Default: 0.45 

Calculate the value of Z. 

	

1' i 	/ Nn 

	

V 	 N-n 

Estimate confidence level of data. Compare 
line 8 with Table I.F-4. 

sampling plans based on between day ridership variance and 
time-of-day ridership variance has been developed (1, 2). A 
computer package of this work written on UCSD (Apple) Pascal 
was developed for the Capital District Transportation Authority 
(CDTA) in Albany, New York, and is available to interested 
transit agencies from the TIME Support Center, Rensselaer 
Polytechnic Institute (5). 

Several opportunities exist for streamlining this approach to 
reflect the objective of this manual—i.e., to determine equipped 
bus requirements. Any or all of these could be taken in devel-
oping equipment estimates without seriously affecting the re-
sults. These include: 

Limiting the analysis to peak-hour sampling requirements 
for each route. 

Evaluating only the impact of within day variance for the 
peak hours. 

Clustering the routes by type assuming similar coefficients 
of variation for routes with similar characteristics. 

Limiting the analysis to peak hour sampling would reduce 
the amount of calculations required and still result in reasonable 
equipment estimates. Because of the higher confidence level and 
lower tolerance generally desired for peak hour data and the 
fact that most system resources are used during the peak hour, 
it can be reasonably assumed that peak hour sampling will 
require the largest number of equipped buses. If enough equip-
ment is available to meet peak-hour sampling needs, sufficient 
equipment will be available for off-peak data collection. 

While ridership does vary from day to day, within-time-period 
variations in passenger behavior are substantially greater than 
between-day variation. Recent empirical studies of transit 
agency data found that 80 percent of the time, ridership is similar 
across weekdays with Friday showing the most variability (3, 
p.35). Furthermore, it is extremely difficult to estimate between 
day variances (3, p.21). This analysis suggests that consideration 
of weekday variation may not be essential. 
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Table I.F-4. Z values for selected confidence levels. 

Confidence Level5  

99% 2.576 

95% 1.960 

90% 1.645 

75% 1.152 

68% 1.000 

50% 0.674 

5UMTA requires systemwide data collection for Section 15 	reporting 
to be collected at the 95% confidence level. When route level 
data collected at the 90% confidence level is aggregated to 
estimate systenwide totals, UNTA's accuracy requirements will be 
met (p.  41-45). 

If the analysis of equipped bus requirements is based on these 
assumptions, sampling requirements for a route could be easily 
estimated with a hand calculator. The following equation may 
be used (7): 

NZ2V 2  

- NE2  + Z2  

where: 
n = the number of trips to be sampled; 
N = the total number of scheduled one-way bus trips per route 

in the data collection period (largest peak period); 
Z = the confidence factor; 
E = the maximum relative error (percentage expressed in dec- 

imals) tolerated in the estimate; and 
V ma within-day coefficient of variation for peak period. 

Z values for confidence factors are provided in Table I.F-4. 
Recommended values for E are provided in Table I.F-2. 

Clustering routes can further simplify the analysis (1, p.90). 
Route classification schemes group routes according to similar 
data variability characteristics and may be based on several 
factors: 

Functional type of route (i.e., feeder, express, shuttle). 
Route length. 
Headway. 
Total boardings. 
Peak load factor (e.g., percentage of available seat ca-

pacity). 

Evidence obtained during the development of the "Bus Transit 
Monitoring Manual" and other research suggest that data var-
iability is related to route headway (1, p.41; 6). Examples of 
route classification schemes based on route headway that can 
be used include: 

Less than or equal to 10 mm (i.e., routes with heavy 
demand for which passengers do not necessarily schedule their 
trips to coincide with a particular bus). 

Between 10 and 30 mm (i.e., routes with moderate demand 
for which passengers generally schedule their trips to catch a 
particular bus). 

Thirty minutes or greater (i.e., routes with policy headways 
for which service frequency is not determined by demand). 

The boundaries for each headway classification could be ad-
justed based on local conditions. For example, for peak period 
analysis 5-mm, 10-mm, and 15-min categories may be appro-
priate. 
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CHAPTER 11.1 

INTRODUCTION 

Two principles guided the development of this automated 
data collection system. First, it assumes a modular approach 
through which a transit agency may design an on-board, auto-
matic data collection system which meets its passenger, sched-
ule, and fare information needs by selecting only those functional 
units (modules) that are appropriate to these needs. This has 
two significant advantages: (1) it enables each transit agency to 
select only those functions that serve their specific needs without 
requiring a customized design; and (2) it enables updates of the 
system by replacement of modules as new components are de-
veloped, as new technology becomes available, and as the agen-
cy's needs change. 

Second, the system design was based on a particular stan-
dardized computer bus (a set of address, data, control, and power 
circuits arranged in a standardized manner and operating under 
a strict set of data communication rules) known as STD BUS 
and associated standard hardware. (The STD BUS is supported 
by multiple sources including the STD Manufacturers Group 
(STDMG). STDMG has prepared and makes available to in-
terested parties, a document titled, "STD BUS, Specification 
and Practice." STD BUS is recognized as a defacto industry 
standard without any trademarks, copyrights, or patents re- 

stricting its use. STD BUS also provides the foundation for a 
proposed Institute of Electrical and Electronics Engineers 
(IEEE) Standard P961. The STD BUS term is used throughout 
the report because this term will remain more widely recognized, 
at least, until the IEEE standard is fully developed and adopted.) 
This approach also has two significant advantages: (1) costs are 
kept down by avoiding the use of custom-manufactured parts; 
and (2) parts and modules are easily replaced as a result of the 
standard plug-in feature of the STD BUS systems. 

By using the guidelines contained in Appendix I, transit man-
agers will be able to evaluate the capabilities of various tech-
nology options and implementation schemes, and work 
effectively with equipment suppliers to ensure that their agency 
goals are satisfied. By using the technical specifications to pro-
cure their system, the agency will be able to keep costs at a 
minimum as well as to enhance flexibility. 

Chapter 11.2 describes the functional units of the modular 
system; Chapter 11.3 details the overall functional requirements 
for the system; and Chapter 11.4 contains the specifications for 
each of the 13 modules. Data format and storage requirements 
associated with the data collection system are presented in Chap-
ter 11.5. General rquirements are discussed in Chapter 11.6. 

CHAPTER 11.2 

SYSTEM OVERVIEW 

An on-board automatic data collection system consists of a 
set of functional units that are joined together to form different 
system configurations depending on the units selected. In a 
modular, standardized approach, each transit agency selects 
only those functional units or modules needed to support its 
particular needs. 

Thirteen modules have been identified for the proposed mod-
ular system. These modules and their functional characteristics 
are defined in Table 11-1. Figure 11-1 shows the overall rela-
tionship of the various modules. The modules provide the elec-
tronic means to gather passenger, fare, and schedule data,, and 
the data necessary to identify records by time and location. 

The nucleus of the proposed modular on-board automatic 
data collection system is a microprocessor-based unit (called a 
system controller). The system controller and all circuitry to 
interface with other modules are contained in a single enclosure 
located on the vehicle. 

Each module consists of appropriate sensing devices, elec-
tronic circuits to record data from the sensors, and necessary 
cabling connections. The design philosophy of the modular sys-
tem requires each module located on the vehicle to contain an 
independent plug-in component that is inserted into the system 
central control unit. 
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Table 11-1. Functional characteristics of the modular system. 

	

MODULE DESIGNATION 
	

FUNCTIONAL DESCRIPTION 

	

1. System Controller 
	

Microprocessor located on the 

vehicle that accepts, monitors, and 
controls the data collection and 
data transfer functions of all 
other modules. In addition, it 
includes a clock and calendar with 
back-up battery. Also accepts data 
from odometer and driver door 
control switches. 

er Send ing Unit 

rorCooRrewitc 

ngerusterensors 

I Fare Category Counter Sensors .__.....__. 

Signpost Transmitter 

DrIver Console Unit 

Door 	sngwcces 

13. 	ERTEP.NAI. DATA :CEIVF~]--~r 

Passenger Counter 

Fare Category Counter 

4, Memory* 

Memory Expansion 

Signpost Receiver 

Manual Input 

Door Status 

Status Display 

Data Transmission 

Li. Expansion Module 

Power Supply 

External Data Receiver 

SYSTEM CONTROLLER 
(including clock/calendar) 

j 

PASSENGER COUNTER 

FARE CATEGORY COUNTER 

ME1-IORY 

NDIORY EXPANSION 

SIGNPOST RECEIVER 

MANUAL INPUT 

S. 	500P. STATES E. 

9. 	STATUS DISPLAY 

DATA TRASSNISSION 

E.'ASSlON NODULE 

POWER SUPPLY 

Sensors that detect the number of 

passengers boarding and alighting 
at each bus stop. 

Fare collection equipment that 
detects the number of passengers 
per fare category. Maintains 
cumulative value of revenue 
received. 

Stores data on the vehicle. At 
least 64K of non-volatile memory 
is provided. 

Provides additional memory where 
needed. 

Signpost transmitter installed 
along routes transmits an encoded 
identification number to an antenna 
mounted on the bus roof. 

Console for driver to enter data 
reference information such as bus 
number, farebox number, farezone 
identification, etc. 

Additional door switches that can 
be used to detect and count the 
number of passengers boarding and 
alighting at each door. 

Portable data transfer equipment 
that allows transit personnel to 
monitor counter accuracy and 
perform other system diagnostic 
checks. 

On-board data communications device 
for transferring data from memory 
to the external data receiver. 

Provides the capability to add 
other data collection functions. 
For example, the destination sign 
could be used to automate 
route/trip information. 

Converts, conditions, and filters 
primary bus voltage to provide 
power to the data collection 
system. 

Data retrieval unit used to receive 
data from the vehicle and send it 
to the computer for processing. 

Figure 11-1. Structure of the modular system. 

CHAPTER 11.3 

SYSTEM REQUIREMENTS 

The on-board automatic data collection system consists of 13 
modules and associated sensors and electronics. Twelve of the 
modules interface with and connect to a STD-BUS assembly. 
The interface electronics of each module are separately packaged 
and inserted into a single enclosure, the system central control 
unit. The thirteenth module is a data retrieval unit (referred to 
as an External Data Receiver) that is used to retrieve the data 
from the on-board unit and transfer it to a host computer for 
processing. The following details the overall functional require-
ments for the system. 

elf solid state memory is not used, this module would serve to house 
the electronics to an external cassette recorder or similar 
device. memory modules may also be deleted entirely in certain 
real-time data collection systems. 

3.1 SYSTEM CONFIGURATION 

The interface electronics for twelve of the modules shall con-
form to the standard known as STD BUS and shall, to the 
extent practical, use available STD BUS hardware. The interface 
electronics shall be assembled within a single enclosure, with 
each plugging directly into a STD BUS motherboard at the rear 
of a STD BUS rack contained within the system central control 
unit. 

Figure 11-2 shows the placement of the interface electronics 
units within the central control unit and designates the position 
each shall have in the assembly. The STD BUS assembly shall 
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Figure 11-2. Placement of interface electronics within system central control unit. 

consist of a mounting frame measuring approximately 5.25 in. 
high, 9.0 in. deep, and 19.0 in. wide suitable for mounting a 
variety of module widths. A total of 12 modules shall be ac-
commodated as specified below and shown in Figure 11-2. Mod-
ule enclosures shall be standard card cases designed for insertion 
into a module rack. A strip cutout rear panel shall be used for 
passing circuit board edge connectors through the back of the 
enclosure. Units 1 through 3 (see Fig. 11-2) shall be 1.65 in. 
wide. Units 4 through 11 shall be 1.05 in. wide. Unit 12, con-
taining the power supply, shall be 3.0 in. wide. Printed circuit 
cards within individual enclosures shall be STD BUS compatible 
cards (4.5 in. wide and 6.5 in. long with a 56-contact, edge 
connector on one of the 4.5 in. sides). 

The assembly shall be mounted within an enclosure as shown 
by Figure 11-3. The size of the enclosure and positioning of the 
chassis within the enclosure shall provide adequate room for all 
connectors and cabling so that cabling will run above the top 
of the chassis and so that individual electronics units can be 
easily disconnected and removed. The enclosure shall be hinged 
on the top and secured by a keyed lock. Specifications pertaining 
to fabrication and installation of the enclosure are provided in 
Chapter 11.6. 

3.2 SYSTEM INTERFACE REQUIREMENTS 

Each module shall be considered as an independent unit that 
wholly fulfills its function without reference to or connection 
with other modules except through the specified, plug-in, STD 
BUS connection. Where an individual module incorporates re- 

mote sensors, for example, the passenger counter, sensors shall 
be connected directly to the front panel of the associated elec-
tronics unit via connectors with bayonet coupling. Where sen-
sors or other remote devices require power, the contractor may 
choose either to provide for separate connection directly to the 
vehicle power supply or to use the power supply that is provided 
by the STD BUS connection (see Chapter 11.4). In neither case 
shall power requirements exceed that specified in Section 4.12 
in Chapter 11.4. 

Figure 11-4 depicts the preferred locations of the central con-
trol unit and the several remotely located sensors. The contractor 
may propose alternative locations. Final locations for each unit 
within the data collection system shall be determined by the 
transit agency, and the contractor shall examine each vehicle 
type to ensure the correct and proper location of all data col-
lection subsystems and cabling. 

3.3 DATA COLLECTION REQUIREMENTS 

The system shall be capable of generating 10 types of records 
as defined by Table 11-2. The records actually generated by a 
particular system shall depend on the configuration of the system 
and certain user-specified conditions. The system shall auto-
matically generate those records corresponding to a particular 
module, e.g., manual input and signpost, whenever that module 
is part of the system configuration. The addition (or removal) 
of such modules shall not require changes to the system to 
generate the appropriate data records. In addition, the user shall 
be able to specify which of the three designated types of stop 
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records will be generated and shall be able to select the time 
interval associated with record type 6 (idle start record) and 
the distance interval associated with record type 8 (distance 
record). These user-specified parameters shall be factory preset 
at the time of delivery but shall be changeable by the user 

without requiring program modification. (The use of switches 
mounted on the system controller board is acceptable.) Data 
supplied and retained by each module are described in Chapter 
11.4; data specifications and record formats are contained in 
Chapter 11.5. 

Table 11-2. System data record types. 
__ DATA ELEMENTS  

I 1 	 ( 
_

Passenger I Fare I Distance Location I 	Other 
IType I 	Data Record 	 I Counts 	I Category I 	I I.D. I 	Data 
I_I  I  I Counts  I  
I 	0 ISystem Initializatioa: Dual Function 1 1 1 	All 

____ 
 

I I 	I. At Power-On -- 	I -- -- -- Manual 
I_I 2. FollowIng Data Transmission   $  I 	Data 

1 lError Detectioni Dual Function -- 	I -- -- -- I 	All 
I 1. Error Detected 	2. Power-On I 	Manual 

I_I (Loss of Power Indicator)  I 	Data 
I 	2 IDriver Command; 	Driver-activated 	1 All 	I All ICumulative r Signpost 1 	All 
I I Record Command (from Manual input Data 	I Data Distance 	I Number I 	Manual 

Hoduta)  I 	I  I 	Data 
3 IStop Record Type I: 	Data storage 	I All 	I All IQimulative I Signpost ITime: Door 

I at Door Closure Data Data I 	Distance 	I Number lOpen and 
I IDoor Close 

I 	4 IStop Record Type II; 	Data Storage 	I All 	I All ICumulative I Signpost ITime: Door I 
I baaed on Movement Following Door Data Data I 	Distance 	I Number lopen and 
I 	Closure 	 I II IDoor Close I 

5 IStop Record Type III: 	Data Storage 	I All 	I All Icumulative I Signpost ITImes Door 
at Door Opening (Previous Stop Data Data I 	Distance 	I Number lopen and 
Data Recorded) I  IDoor Close 

6 Ildle Start Record: 	Data Stored if noT I ICumulative I Signpost 
Movement Within Specified Time -- -- I Distance Number Time 
Interval (Time is Veer-Selectable)  7 Ildle Stop Record: 	Data Storage When I ICumulative I Signpost 

I Movement Detected AfLer a Mode 6 	I -- -- Distance 	I Number Time 
I_I Recording 	 I  I  8 Iflistance Record: 	Data Storage After I ICumulative I Signpost 

I 	Specified Distance With No Stop 	I -- -- I 	Distance Number Time 
I 	Event (Distance Is User-Selectable) 	I I 

9 ISlgnpost Record: Data Storage at 
I 	I Signpost Entry/Exit (from Signpost I 	-- 	I 	-- 	ICumulative I Signpost I 	Time 	I 
I 	I Module) 	 I 	 I Distance I Number 	I 	 I 

1 A data record identifying code corresponding to the type of record shall be stored along with each 
record. 
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MODULE SPECIFICATIONS 

Specifications for the 13 modules contained within the on-
board automatic data collection system are presented below. 
The specifications for certain optional modules (e.g., the fare 
category counter, manual input, and status display) represent 
typical or preferred configurations and therefore presume certain 
predefined functions and characteristics. They should not be 
interpreted as defining the only form the module can take. 
Individual modules may perform different functions or the man-
ner in which certain functions are performed may be specified 
differently provided such differences do not interfere with or 
affect the design of other modules or the overall system. For 
example, the manual input module specified assumes a driver 
console through which the driver enters route number as one 
data input. This particular function, i.e, the input of route num-
ber, could be specified as an automatic input from the vehicle 
destination sign if so desired without changing the overall spec-
ification. The intent of the modular system is to allow individual 
modules to be tailored to particular needs. 

4.1 SYSTEM CONTROLLER MODULE 

The system controller module is the nucleus of the system in 
that it performs the control and data management functions of 
the system. The module consists of a microprocessor, various 
data input and output circuitries to accommodate the interface 
electronics of the other modules, and a programmable read-only 
memory (PROM) to control the system. The microprocessor 
program provides control of all data transfer operations between 
modules and acts as data monitor and manager for the overall 
system. 

Microprocessor and Program. The system controller shall 
contain a microprocessor and sufficient program memory to 
fulfill all the control and data management functions required 
by the on-board automatic data collection system. Program 
instructions shall be contained in PROM to facilitate system 
customization for special purpose applications. However, the 
microprocessor and its associated program shall be designed to 
satisfy the minimum requirements defined in this specification 
without reprogramming. 

Interface Unit Recognition. The system controller shall be 
programmed to recognize automatically the presence of each of 
the input modules contained in the data collection subsystem. 
Data records stored shall be determined based on the presence 
or absence of these various input modules. That is, the system 
controller shall recognize that a particular module is installed 
and contains accessible data. Depending on commands received 
for data recording, the controller shall access the data contained 
in the appropriate modules and initiate appropriate reset action 
(see Section 4.1.4).  

4.1.1 Real-Time Clock 

The system controller module shall include a real-time clock 
providing military (24-hour) time (hours; minutes; seconds) and 
date (month; day). The clock shall include an internal power 
source that will maintain its operation when the system is dis-
connected from the primary source or in the event of any mal-
function of the primary source. 

If the internal power source is a long life battery, it shall have 
a minimum life expectancy of 18 months. If a rechargeable 
battery is used, it shall be able to power the clock without 
recharge for a minimum of 8 days. Provisions shall be made in 
the system diagnostics for battery check. A voltage reading on 
a long life battery will be sufficient. A voltage reading on a 
rechargeable battery must be in a form where the battery is 
disconnected from the recharge source and has an impressed 
load. Batteries must be easily accessible and replaceable. 

Clock setting shall be accomplished by two methods: (1) the 
clock /calendar shall be set to correspond to the clock /calendar 
values in the external receiver unit each time data are retrieved 
(see Section 4.13), and (2) the clock shall be settable via the 
driver console within the manual input module (see Section 4.7). 

4.1.2 Distance Measurement 

The system controller shall provide for the direct connection 
of an odometer and shall incorporate the necessary electronics 
to measure distance traveled by the vehicle in statute miles in 
increments of 0.001 miles. The controller electronics shall pro-
vide for the accumulation and data retention of the cumulative 
distance measured and shall also initiate a data recording when-
ever that vehicle travels a specified distance without intervening 
data recordings. 

Sensing Unit. Any sensing device appropriate to the distance 
measurement function may be used provided it satisfies all con-
ditions contained in this specification. The sensing unit shall be 
a permanent attachment to the bus. Its design shall permit 
installation by a transit mechanic in 30 min or less. It shall not 
interfere with normal servicing routines, such as tire changing 
and balancing, nor shall a failure of the sensor pose any hazard 
to bus operation. 

The distance measurement sensor shall have demonstrated an 
inherent accuracy in excess of 99 percent. That is, exclusive of 
external operating conditions such as variations in tire inflation 
pressure, tire slippage, aging and tread wear, and vehicle loading 
and speed, the sensor shall be capable of measuring distance 
within ± 1 percent of its true value. The sensor shall have 
demonstrated an accuracy in excess of 95 percent in actual 
revenue service while subject to the external conditions referred 
to above. 
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Power to the sensing unit, if required, shall be supplied di-
rectly by the vehicle power supply or by the electronics unit 
within the distance measurement module. (Refer to the section 
entitled "Power Supply" for a description of the power supply 
requirements of interfacing electronics units.) 

Electronics Unit. The electronics associated with the dis-
tance measurement shall be placed on the same P.C. board as 
the system controller. It shall provide a fully compatible inter-
face between the sensing unit and the on-board data collection 
control unit. The distance measurement electronics shall be 
supplied by the same vendor supplying the system controller 
and shall be integrally mounted with the system controller. No 
external wires or other electrical contacts other than those pro-
vided by the system controller shall be required. 

The electronics shall accept signals from the distance mea-
surement sensor and perform such processing as is necessary to 
measure distance in increments of 0.001 statute miles. All dis-
tance regardless of direction shall be recorded. 

The electronics shall accumulate and retain two separate dis-
tance measures: cumulative distance and incremental distance. 
Cumulative distance shall be the accumulated distance traveled 
subsequent to a general system initialization condition. Cu-
mulative distance data shall be reset to zero only upon system 
initialization. Data storage of cumulative distance shall permit 
accumulated values up to 999.99 miles. Incremental distance 
shall be the distance traveled by the vehicle following the re-
cording of a data record of any type. A special data recording 
shall be initiated whenever the bus travels the user-specified 
interval without intervening data records. This interval shall be 
selectable in 0.5-mile increments from the value of 0.5 miles to 
4.0 miles. 

4.1.3 Door Control Switch 

The system controller module shall also provide for the direct 
connection of a door status monitor that indicates a simple ON/ 

OFF condition to correspond to door OPEN/CLOSE states re-
spectively. The door open and close signal for this purpose will 
normally be taken from the door control switch operated by 
the vehicle driver. However, the connection shall allow alter-
native signal services to be incorporated provided the condition 
presented at the connection with the controller consists of an 
ON signal of + 12 VDC to represent a door OPEN state and an 
OFF state of 0 VDC to indicate the closed state. Contact current 
shall not exceed 500 mamps. Any other representations of door 
open/closed states shall be incorporated into the system via the 
special door status module (see Section 4.8). 

4.1.4 Data Control and Reset Operations 

The system controller shall access data maintained by the 
various modules and on completion of the data transfer to mem-
ory shall effect a reset of data provided by those modules in 
accordance with the reset activity list defined in Table 11-3. 

Of the data elements listed, seven shall be maintained directly 
by the system controller and handling of these data elements 
shall be contained as part of the resident program. These data 
elements are: 

Table 11-3. Data reset function list. 
Recordings* 

DATA ELEMENT 	 Causing a Data Reset 	 Other 
(other than Mode 0 & j)** 	Reset Conditions 

Passengers Boarding 3,4,5 None 

Passengers Alighting 3,4,5 None 

Fare Revenue None None 

Fare Category Counts 3,4,5 None 

Cumulative Distance None None 

Incremental Distance All None 

Signpost Number None None 

Manual Input None None 

Clock Time None None 

Calendar Date None None 

Idle Time 3,4,5,7 If Movement Detected 

Door Open Time 3,4,5 None 

Door Closed Time 3,4,5 None 

*Refer to Table 11-2 for definition of Record Types. 

55!todes 0 and 1 automatically effect a data reset. 

Cumulative Distance. 
Incremental Distance. 
Clock Time. 
Calendar Date. 
Idle Time. 
Door Open Time. 
Door Close Time. 

Idle time is defined as the elapsed time from a Type 3, 4, or 
5 data recording, i.e., a stop-even record, or from the last de-
tected movement of the vehicle. Idle time shall be reset to zero 
whenever one of those recordings takes place or whenever ve-
hicle movement is detected. Whenever this elapsed time exceeds 
the user-specified interval, a Type 7 recording (see Table 11-2) 
shall be executed and idle time shall be reset to zero. This time 
interval shall be selectable in 0.5-min increments from 0.5 mm 
to 4.0 mm. 

4.2 PASSENGER COUNTER MODULE 

The passenger counter module shall consist of passenger 
sensing devices and an associated electronics unit to detect and 
count the number of passengers boarding and the number of 
passengers alighting the vehicle. The electronics unit shall con-
tain both the logic to detect and differentiate between bidirec-
tional passenger movements, and the electronics to count and 
retain accumulated values for both boarding and alighting pas-
sengers. The passenger counter module shall be capable of 
sensing and counting eight separate channels of movement, i.e., 
capable of counting streams of passengers boarding and alighting 
more than two doors, some of which may have more than one 
bidirectional passenger stream. 

Passenger Sensors. Any passenger sensing device may be used 
provided no active participation by either the passenger or the 
driver of the vehicle is required and provided all other conditions 
in this specification are satisfied. The sensing devices shall not 
impede or restrict the flow of passengers and shall not protrude 
into or occupy an area associated with normal passenger, driver, 
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or service activity. Their design shall minimize passenger aware-
ness of the devices. Electrical connections shall be designed so 
that there is no hazard to the passenger in the event of accidental 
or deliberate contact. 

Passenger sensors shall be semipermanent installations in-
tended to remain on the bus for extended durations. Conse-
quently, sensors shall be capable of withstanding the vehicle 
environment, including prolonged storage, and cleaning and 
maintenance activities. 

Power for the sensors, if required, shall be supplied directly 
from the vehicle power supply or by the passenger counter 
electronics unit from the standard power supplies available to 
all interface circuitry through the system controller module. 
(Section 4.12 describes power supply.) 

Electronics Unit. The passenger counter electronics shall be 
located in the system central control unit, interfacing with the 
system controller module through the STD-BUS motherboard. 
The unit shall be powered directly from the power distributed 
to all interface circuitry by the motherboard. 

The electronics unit shall accept signals from the passenger 
counter sensors, differentiate between bidirectional passenger 
movement, and count the number of boarding and alighting 
passengers. This counting function shall be active only during 
a "door open" condition, indicated by the presence of an ap-
propriate signal from the driver door control switch or from 
the door status module, if present. 

The electronics unit shall separately accumulate and store 
two types of counts: the total number of passengers boarding 
and the total number of passengers alighting. The unit shall 
accumulate and maintain counts of up to 999 passengers in each 
category. Data in both categories shall be retained until accessed, 
retrieved, and reset by command of the system controller fol-
lowing each bus stop (see Table 11-3). Data shall also be reset 
whenever a system initialization signal is received from the 
system controller. 

Passenger Counter Accuracy. As a minimum, the passenger 
counter shall demonstrate the following accuracy for a series of 
data recording events where such event is defined as a complete 
stop cycle, i.e., one or more doors are opened followed by all 
doors being closed: 

For 70 percent of all recording events, both the count of 
boarding passengers and the count of alighting passengers shall 
be exactly that determined by manual ride checkers. 

For 85 percent of all events, neither the boarding count 
nor the alighting count shall be in excess of ± 1 of the corre-
sponding manually determined counts. 

For 95 percent of all events, neither the boarding count 
nor the alighting count shall be in excess of ± 2 of the corre-
sponding manually determined counts. 

A valid test of the foregoing conditions shall contain a minimum 
of 500 consecutive events with the following minimum char-
acteristics: 

The average number of boardings per event (based on 
manual data) shall not be less than 2. 

The median number of boarding or alighting passengers 
(based on manual data) shall not be less than 2. 

In addition, the passenger counter shall generate data of suf- 

ficient accuracy to enable the calculation of the total ridership 
on the bus within ± 10 percent of actual ridership as determined 
by manual rider checkers. Such accuracies shall be achieved for 
at least 95 percent of all events. All accuracy tests shall be 
conducted during revenue service. 

4.3 FARE CATEGORY COUNTER 

The fare category counter shall consist of appropriate fare 
category detection devices and associated electronics. The elec-
tronics shall accept signals from the detectors and shall accu-
mulate and store counts of the number of users within each 
specified fare category. 

Two types of fare category counter modules are defined by 
this specification: 

A "standard" fare category counter consisting of a single 
detection device, such as an electronic farebox, and an associated 
electronics unit capable of counting up to 6 user categories. 

An "expanded" fare category counter consisting of mul-
tiple fare media detection devices, e.g., a farebox, a pass-reader, 
and a ticket validator, and a single electronics interface unit 
capable of recording up to 12 user categories. 

The interface electronics units of both the standard and the 
expanded module shall conform to the STD-BUS system defined 
in this specification and shall be compatible with the system 
controller, i.e., hardware or program modifications shall not be 
required to use either type of fare category counter. 

Fare Category Sensors. Any fare category detection devices 
may be used including those requiring driver or passenger par-
ticipation. Acceptable devices include: 

Driver-actuated push-buttons located on a farebox or 
driver console. 

Passenger-activated reading devices for multi-ride tickets 
and/or passes. 

Six data inputs corresponding to six distinct fare categories for 
each fare media (e.g., cash transfer, pass, senior citizen, etc.) 
shall be provided. Six fare categories for each device are con-
sidered typical of the intended applications; however, devices 
providing lesser or greater numbers of categories shall not be 
precluded by the system design. 

If driver-actuated push-buttons are used, physical separation 
between the buttons shall be sufficient to minimize accidental 
activation of unintended category counts. If passenger-activated 
devices are used, the determination of the fare category to be 
counted shall be made from the medium (ticket or pass) itself 
and shall not rely on the passenger to make this determination. 

Electronics Unit. 'The on-board automatic data collection 
system shall permit either of two fare category counter interface 
electronics units to be used. The "standard" electronics unit 
shall accept signals from a single fare category device and store 
category counts in six separate classifications. The "expanded" 
unit shall accept signals from up to three fare detection devices 
and shall accumulate and maintain counts in each of 12 cate-
gories. The unit shall retain counts of up to 99 passengers in 
each category until accessed, retrieved, and reset by command 
of the system controller. The unit shall be active, i.e., capable 
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of counting fare categroeis, at all times including periods of data 
access and retrieval by the system controller. An appropriate 
buffer shall be used to ensure that counts occurring during data 
access and resetting operations in the system are not lost. The 
point of data reset is a selectable option residing in the system 
controller and depends on the nature of the fare collection 
system being used. (Pay-on-Entering, Pay-on-Leaving, and Self-
Service fare collection techniques each require a different re-
cord/reset strategy to allocate fare category counts to logical 
data records.) 

The fare category counter electronics shall also accept signals 
from an electronic farebox to accumulate and maintain a record 
of the total revenue received. This total shall not be reset by 
the event reset signal (see system controller for definition); it 
will only be reset by a system initialization command from the 
system controller. The unit shall be capable of storing total 
revenue of up to 9999.99. 

4.4 MEMORY MODULE 

The on-board automatic data collection system shall consist 
of a plug-in memory module that provides the basic solid-state 
memory for the system. The memory module shall contain 64K-
bytes. Memory shall be nonvolatile. 

The memory module will contain a system power monitor 
that will detect power loss, or other malfunctions, and auto-
matically disconnect from system power. The power monitor 
will continue to monitor and automatically reconnect power 
when it is back to normal. If nonvOlatile memory is battery 
backed, the module shall include a circuit that monitors the 
battery and indicates when it is low. 

4.5 MEMORY EXPANSION 

Space shall be allocated in the STD-BUS rack for a second 
memory module. The memory expansion module shall be iden-
tical to and interchangeable with the memory module defined 
in Section 4.4. 

4.6 SIGNPOST MODULE 

The functional requirement on the signpost module is to pro-
vide location reference information to the data collection system 
at several locations along the bus route. The module shall consist 
of self-contained radio transmitter units in fixed installations at 
selected locations along the transit route, a vehicle-mounted 
antenna, and interface electronics to detect, discriminate and 
store the RF encoded locations identification number trans-
mitted by the signpost. Clock or system time and distance shall 
be read on receipt of the signpost signal and stored along with 
the location ID. 

Signpost Transmitter. The signpost transmitter shall be a 
self-contained unit consisting of an RF transmitter, data en-
coder, and internal battery power supply. The signpost trans-
mitter shall be designed for installation at selected locations 
along the bus route—typically a street light or traffic signal 
pole—and as such shall be hermetically sealed and capable of 
surviving this exposed environment. Installation mounting hard-
ware shall minimize loss due to theft and vandalism, yet shall  

be such that installation can be completed in less than 15 mm—
not including site access time. The signpost transmitter shall 
operate regardless of whether mounted on metal or wood pole. 

The signpost shall continuously transmit an RF-encoded 
three-digit identification number. This identification number 
shall be selectable either by the use of switches within the unit 
or by an external or remote device. 

Signpost Accuracy. Signal strength shall be such that code 
discrimination is possible at distances of at least 100 ft from the 
transmitter and not greater than 500 ft from the transmitter. 

The following location accuracy requirements must be met. 

Eight-five percent (85%) of the time, the system must be 
capable of locating a bus within 100 ft of a line perpendicular 
to the street where the signpost is located. 

Ninety-five percent (95%) of the time, the system must 
be capable of locating a bus within 150 ft of a line perpendicular 
to the street where the signpost is located. 

That is, for every 100 times that a bus passes one or more 
signposts, at least 90 times the location of the bus must be 
detected correctly within 100 ft of a line perpendicular to the 
street where the signpost is located, and at least 99 times the 
location of the bus must be detected correctly within 150 ft of 
a line perpendicular to the street where the signpost is located. 

The signpost transmitter shall contain internal batteries ca-
pable of continuous transmitter operation for not less than 4 
years in all climatic conditions (i.e., lithium batteries). Batteries 
shall be replaceable without removal of the transmitter from its 
installed location. Battery change-out shall be accomplished in 
less than 10 min after site access. 

Alternate signpost transmitters may be used provided a cost 
advantage can be shown. 

Signpost Antenna. The signpost antenna shall be considered 
a semipermanent installation on the bus. Its design shall preclude 
damage during normal bus operation including passage through 
automatic washers. Antenna installation shall be such that the 
antenna is replaceable wholly from the bus exterior and shall 
not require the removal of wiring or other changes to the sign-
post module. 

Interface Electronics. The interface unit shall be located in 
the system central control unit, interfacing with the system 
controller through the STD-BUS motherboard. 

The interface unit shall initiate a "Type 9" data record when 
it enters and when it leaves the transmission range of the sign-
post. These data commands shall be initiated under the following 
circumstances: 

Change of signpost code from zero state (i.e., no code 
being received) to a code state (i.e., signpost identification num-
ber being received). This generates a signpost entry record. 

Change of state from a code state to a zero state. This 
generates a signpost exit record. 

The interface unit shall, in either case, transfer the identifi-
cation number of the detected unit, i.e., zero state codes shall 
not be transmitted. The interface unit shall be programmed so 
as not to generate false data due to intermittent signal loss in 
the fringe area of a transmitter. That is, it must generate only 
one entry record and one exit record at any signpost. 
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4.7 MANUAL INPUT MODULE 

The manual input module shall consist of a manual input 
and display console and an interface electronics module. 

Input/Display Console. The console shall provide the fol-
lowing: 

Display of selected information, including: 
Time 
Date 
System operation status 
Input of driver-settable data, consisting of: 
A four-digit run number identification code 
A three-digit route number identification code 
A four-digit driver identification code 
A two-digit zone or type of service identification code 
Input of service-settable data consisting of: 
Setting of clock and calendar 
A four-digit code settable to indicate bus number, farebox, 
or other data as defined by the user 
A two-digit code to provide additional user-defined data 
such as division or garage codes. 

The input/display console shall be located so as to provide 
ready access by the bus driver. The input console shall have a 
push-button or similar device to initiate the recording of sum-
mary data. This control shall be inhibited during periods when 
such a command would lead to erroneous recordings. 

Two indicator lights shall be provided on the input console. 
A READY light shall be lit continuously whenever the system 
is operational, i.e., whenever all subsystems are connected and 
the system is able to accept data and recording commands. A 
second indicator shall be illuminated whenever information is 
being recorded. 

If the console is designed to be mounted on the dash of the 
transit bus, it shall not obstruct the drivers' view nor shall it 
interfere with normal driver movements. 

All input devices shall be conspicuously labeled, and all visual 
displays shall be clearly visible in sunlit conditions. Access to 
nondriver settable input devices shall not require the removal 
of the unit from the bus dashboard. 

Time and data information provided by the clock and calendar 
on the system controller module shall be displayed on the man-
ual input console. Hours and minutes shall be displayed con-
tinuously; seconds shall be displayed only when setting the time. 
The manual input console shall allow for the correct time to 
be set conveniently by service personnel. Power shall be applied 
to the clock at all times. The display need not be illuminated 
during the period the data collection system is not in use. 

All elements including driver control and system indicators 
shall connect to the interface circuitry through a single cable. 

Electronics Interface Unit. The electronics shall interface 
with the system controller through the STD BUS motherboard. 
The interface unit shall accept inputs from the console and 
provide all necessary data management functions for local data 
storage and for the transfer of the data to central memory (under 
control of the system controller). Changes of manual input data 
shall be inhibited during the times the system controller is ac-
cessing these data. 

It is desirable that the interface electronics automatically iden- 

tify the amount of data provided and thereby permit different 
manual input modules to be deployed without firmware mod-
ification. However, reprogramming for specific record lengths 
is permissible if required. 

4.8 DOOR STATUS MODULE 

The standard mode of monitoring door status shall be through 
the door control switch (operated by the transit vehicle driver) 
with the interfacing electronics located in the system central 
control unit. The door status module provides an alternative 
(optional) method of monitoring door status. This module uses 
sensing devices located at each vehicle doorway that indicate 
the actual physical status of each door and is used to provide 
more door status information than would be provided by the 
door control switch. Depending on the type of transit vehicles 
in use and the data needs of the transit system, it could be the 
preferred mode. 

The door status module shall perform the following functions: 

Monitor the opening and closing of all doors to define the 
beginning and end of passenger boarding and alighting activity 
(see definition below). 

Generate a single digit code corresponding to door cycles 
during a particular stop event (for example, "1" to indicate that 
only the front door opened). 

Signals from each of the door sensors shall be input to the door 
status module interface unit and used to generate two distinct 
status indicators to the system controller: 

I. Condition "A": any door opens following a state in which 
all doors had been determined to be in the closed condition. 

2. Condition "B": all doors return to the closed position 
following a Condition "A" state. 

Condition "A" shall be used by the system controller to define 
the time of door opening; condition "B" shall be used to denote 
the time of door closing. Neither status signal in itself shall 
prompt a data recording because this shall be a function de-
pendent on the data mode selection in the system controller. 

4.9 STATUS DISPLAY MODULE 

The status display module is an external device that permits 
an observer to monitor preselected functions of the system. The 
purpose of the module is to enable accuracy and diagnostic 
checks of the on-board automatic data collection system to be 
performed. 

Display Unit. The display unit shall be a hand-held device 
consisting of a six-digit display and associated electronics to 
select and display any of several data read-outs as specified 
herein. 

The six digits shall be divided into three groups with a min-
imum separation between groups of 1 inch. The display unit 
shall contain three switches: one a push-button switch control-
ling display modes and two 12-position thumbwheel switches 
or similar devices to select data for display. Table 11-4 describes 
the function of each switch and the data intended for display. 
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Table 11-4. Status display unit switch function. 
Switch 1 

Off' - display shows data as selected by Switch 2 
'On" - display shows time-of-day in hours/minutes/seconds 

Switch 2 & 3 

I information Disolayed  
ISwitch 2 	1 Switch 3 1 Left 	I 	Middle I 	Right 
Position I 	Position I Two Digits 	Two Digits Two Digits 

o 1 	1 	I Passengers 	'00" Passengers 
Boarding Alighting 

o 1 	2 	1 Cwnulative Distance 

o 1 	3 	1 Cumulative Revenue 

o 1 	4 	1 Signpost Number 

y 	I Fare 	 I 	'00' I 	Fare 
Category x 	I I 	Category y 

The display unit shall also provide a reset switch to clear the 
display and shall contain an indicator (such as a flashing light) 
to indicate that a signpost transmission signal is being received 
by the system. Alternative status display module configurations 
including the use of multiple line alphanumeric displays and 
the use of keypads are permissible provided the specified data 
requirements are met. 

Interface Electronics. The interface electronics for the status 
display shall be contained in the central control unit and shall 
provide all control required for the communication between the 
controller and the display unit. It shall not interfere with system 
operation in any way and shall not interrogate, i.e., access data, 
unless the display unit is physically connected. Interface cir-
cuitry is expected to be a semipermanent installation in all 
systems providing this feature; display units, however, will be 
connected and used only when required to monitor and/or test 
the system. Consequently, interface circuitry to fulfill the status 
display function shall be kept toa minimum; the display unit 
itself shall contain, to the extent possible, all circuitry required 
of the status function. 

4.10 DATA TRANSMISSION MODULE 

The data transmission module is the on-board data com-
munications module for transferring data from the on-board 
automatic data collection system to the external receiver module. 
It consists of a data transmission unit connected directly (via 
standard microcomputer bus) to the system controller; cabling 
as required; and an output device for sending the data to the 
external receiver module. The output device specified herein is 
the female portion of an umbilical connector to accomplish data 
transfer via the physical connection of the receiver module. 
However, alternative output devices such as an RF transmitter, 
ultrasonic or infrared sending units, or similar noncontacting 
device shall be capable of being used with the system with 
appropriate changes to only the data transmission module. 

Data Transmission Characteristics. Data shall be transmitted 
synchronously at a rate of 9600 baud and shall conform to 
requirements for RS232C serial data transfer in accordance with 
a recognized data communications protocol such as bisynchro-
nous or HDLC. Data transfer shall be accomplished in not more 
than 60 sec. 

Data Control and Protocol. The data transmission module 
shall initiate data transmission on receiving an appropriate com-
mand from the external receiver module and shall continue 
transmission until all data stored in memory since the last data 
retrieved is transferred. An appropriate "end-of-data" message 
shall be transmitted to indicate to the external receiver that all 
data have been transmitted. On receiving a verification signal 
from the receiver module, the system controller shall reset the 
memory module, i.e., clear the data stored in system memory. 

Output Device. The typical output device will be a female 
connector. The device may be located as part of the system 
central control unit. However, other locations such as in a 
separate enclosure mounted near the farebox or even on the 
vehicle exterior shall be anticipated. Cable lengths of up to 25 
ft shall be accommodated. The connector shall be rugged and 
of a quick connect nature providing a positive physical indication 
of its "seated" position. 

4.11 Expansion Module 

Space for a spare module shall be provided in the central 
control unit (the chassis holding all interface electronics) for 
expansion of the system. This module provides for the addition 
of new functions into the automatic data collection system by 
the insertion of a plug-in STD BUS printed circuit board con-
taining the electronics of the new functions. Reprogramming of 
the PROM in the system controller is expected whenever the 
expansion module is incorporated. 

4.12 POWER SUPPLY MODULE 

The power supply for the automatic data collection system 
shall be located in the 12th slot of the STD BUS chassis. It 
shall be contained in an enclosure that is 3.00 X 4.62 x 6.69 
in. outside dimensions and shall be mounted on a 4.50 X 6.50 
in., series 7000 STD BUS p.c. card with a 56-contact edge 
connector. 

The power supply will be a DC-DC switching converter unit 
working off the transit vehicle's DC electrical system and will 
provide regulated power of approximately 100 watts consisting 
of + 5 VDC at 5.0 amp for computer logic, + 12 VDC at 5.0 
amp for event sensor power, and auxiliary power of - 5 and 
± 12 VDC at 0.5 amp each. The power supply will be designed 
to automatically adjust for its power source being either 12 VDC 
or 24 VDC and either positive or negative ground. 

4.13 EXTERNAL DATA RECEIVER MODULE 

The external receiver module may be provided in either of 
the following two configurations: 

1. A portable data retrieval unit, such as a portable cassette 
recorder, portable disk unit, or solid-state memory, that stores 
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data retrieved on an interim medium such as magnetic tape, 
i.e., interim to that which will be used by the host processor. 

2. A direct connection via modem to the host processor that 
will perform the data analysis. 

The basic design of both units shall permit direct interfacing 
with a variety of potential host processors including microcom-
puters, minicomputers, and mainframes. 

If a portable unit is employed, sufficient storage capacity shall 
be providedd - on each medium, e.g., cassette tape, to contain at  

least five complete sets of data, i.e., data from at least five buses, 
without changing the media. The portable unit shall also monitor 
the remaining capacity and provide an indication of whenever 
remaining capacity is insufficient to handle another complete 
data set as defined by the characteristics of the system. Both 
types of retrieval devices shall provide a visual indicator that 
data receiving/transmitting is occurring and a separate indi-
cator to denote data transfer has been completed and the unit 
is "ready" for additional retrieval operations. 

CHAPTER 11.5 

DATA SPECIFICATIONS 

Ten data record types were specified for the system in the 
system controller module specification. Table 11-5 defines the 
specific data to be recorded for each. Data shall be stored in 
the binary coded decimal (BCD) format. 

5.1 SYSTEM DATA STORAGE 

Individual data records shall include an appropriate "end-of-
record" limiter and data shall be stored without intervening 
spaces. 

5.2 DATA FORMAT REQUIREMENTS 

Irrespective of the method of data storage in the system, the 

Table 11-5. Data storage requirements. 

intended end product of the on-board automatic data collection 
system is a transit-bus-oriented data file suitable for subsequent 
automatic data processing. Consequently, the system shall pro-
vide the necessary conversion of data to create this data file—
either prior to data transmission via the data transmission mod-
ule or subsequent to data transmission, e.g., within the external 
receiver module. This conversion shall include the assignment 
of specific data elements to specified data fields and the incor-
poration of appropriate character separators, if required. Table 
11-6 illustrates the field assignments desired and the form certain 
data elements shall take. Where certain data elements are not 
available through certain configurations, data field assignments 
shall be adjusted to eliminate intervening space since user data 
processing will be tailored to recognize data based on user's 
system characteristics. 

I Storage 
DATA ELEHENT 	 I Forusat 

I laingie 	I I 	I 	I I I I 	I 	I 	I 
I Data Kecord Type I 	Digit 	I I 	x 	$ 	a 	I 	i I 	a I 	i I 	z 	I 	z 	I 	z 	I 	z 
I Machine Identification Nuusber I 	four Digiti I 	a 	I 	x 	I 	z I I I 	I 	I 	I 
I INursber 	I I 	I 	I I I I 	I 	I 	I 
I Manual 	input Data I 	Variable 	I I 	it 	I 	z 	I 	x I I I 	I 	I 	I 
IDate IPIo./Day 	I lalalal I I 	I 	I 	I 
I 

	
Time I 	lir/Min/SecI I 	a 	I 	it 	I 	a I I I 	I 	I 	I 

I Time of Door Opening I 	 I I 	I 	I I I 	z I 	z 	I 	I 
I Time of Door C1oing I 	- 	I I 	I 	.1 I 	z 	I z $ 	a 	I 	I 
I 	Paaaengera hoarding I Three 	I I 	I 	I I 	z I 	x I 	a 	I 	I 	I 
I IDlgitNo.I I 	I I 	I I 	I 	I 
I 	Paaaengers klightlng I 	Three 	I I 	I 	I I 	a I 	i I 	z 	I 	I 
I IDI8ILNo.I I 	I 	I I 	I I 	I 	I 	I 
Ikevenue I*/e 	I I 	I 	IzIzialal II 
I Fure Category Counta I 	Two Digit 	I I 	I 	I 	I a 	I z 	I x 	I 	I 	I 

IHuusbera 	I I 	I 	I I 	I I I 	I 	I 
(Jiutance I 	Miles 	I I 	I 	I 	x 	I a 	I a 	I a 	$ 	a 	I 	a 	I 	a 

I IHundreda 	I I 	I 	I 	$ I I I 	I 	I 
ISigiupoatHumber ITliree 	I I 	I 	laIxIzIxIzIala 

IDigit 	I I 	I 	I 	I I I I 	I 	I 
INuwber 	I I 	I 	I 	I I I I 	I 	I 
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Table 11-6. Data field identification and sequence. 

(ata Field 	'l'ype 0,1 Records 	Type 2 Records 	Type 3,4.5 Records 	Type 6.7.8.9 Records 
sixPlence 	Data Element Field 1ta Element Field Data Element Field 	Data Element Field 

Record Qde 	1 
Time* 	 2-9 
Distance*** 10-15 
Signpost ID 	16-19 

1 Record Qxle 1 Record Qde 1 Record Qx1e 1 
2 lkchine II) 2-5 t4th1ne 11) 2-5 D.or OpeIs3 2-9 
3 Ran t4unber 6-9 tIm l4unber 6-9 Ibor Cloag* 10-17 
4 Ibute Number 10-12 Ibute tiumber 10-12 1ssersJera On 18-20 
5 We tiwiber 13-16 tias Number 13-16 Ftmssersjera Off 21-23 
6 Zone Number 17-18 Zone Number 17-18 Reverle** 24-30 
7 ?sk1ltial 19-20 MlitIcoai 19-20 Fare Cat. 1 31-32 
8 file 21-24 flte 21-24 Category 2 33-34 
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CHAPTER 11.6 

GENERAL REQUIREMENTS 

This chapter sets out the general requirements for the on-
board automatic data collection system with regard to operating 
environment, design features, security, reliability and mainte-
nance, identification, and safety. 

All on-board equipment shall be designed specifically to op-
erate in typical urban transit bus environment, subject to long 
periods of continuous use and periodic abuse, and shall not 
require special or unusual maintenance skills for its routine 
servicing and repair. 

6.1 OPERATING ENVIRONMENT 

6.1.1 Temperature 

partment and are exposed to outside ambient conditions or may 
receive significant amounts of heat from the vehicle (engine 
compartment, brakes, transmission, etc.) shall be able to operate 
without any degradation of performance over an ambient air 
temperature range of —20 C to 55 C. 

6.1.2 Thermal Shock 

Data collection equipment shall be able to withstand sudden 
temperature changes due to operating conditions. Equipment 
shall be capable of operating under temperature shock conditions 
of 3 C per minute over any 6 C portion of the specific operating 
temperature range. 

The equipment shall operate without any degradation of per-
formance over an ambient air temperature range of 0 C to 45 
C. Any system components that are not in the passenger corn- 

6.1.3 Vibration 

All equipment is intended to operate for its full service life 
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under the vibrating conditions typically found on transit vehi-
cles. It shall operate without any degradation of performance 
when subjected to sinusoidal vibration of ± 0.5 g cycled from 
5 to 200 to 5 Hz in 12 min along each of three mutually 
perpendicular axes. If vibration or shock isolators are included 
in the design, they shall be considered part of the equipment 
and subject to the specifications. 

6.1.4 Mechanical Shock 

Data collection equipment shall be capable of surviving drops 
on hard level surfaces in the unpacked, nonoperating condition, 
or a kick or punch from an average male adult while the equip-
ment is operating. Therefore, fare collection equipment shall be 
capable of surviving acceleration pulses of 5-g peak value with 
an approximate duration of 10 msec along each of three mutually 
perpendicular axes. 

6.1.5 Relative Humidity 

All equipment shall be capable of operation in relative hu-
midities from 5 percent to 95 percent over the temperature range 
specified in Section 6.1.1. This shall include short periods of 
condensation. 

6.1.6 Exposure to Water 

Equipment shall not sustain permanent damage from expo-
sure to rain for brief periods such as may occur during change 
out of failed units in the field. In addition, equipment mounted 
on the interior of vehicles shall be resistant to permanent damage 
due to accidental or malicious water exposure such as may occur 
when the vehicle's exterior or interior is washed. 

6.1.7 Sand, Dust, and Ash 

Equipment shall not suffer any degradation in performance 
when exposed to sand, dust, or volcanic ash conditions, whether 
caused by external conditions, by on-board conditions, or by 
vehicle cleaning and vacuuming operations.  

not degrade the performance of data collection equipment op-
eration, nor shall it damage the finish of any enclosures. 

6.1.10 Electromagnetic Interference 

Data collection equipment shall meet performance and reli-
ability requirements while under the influence of radiated and/ 
or conducted interference from the vehicle and/or the external 
environment and/or the data collection system self-generated 
environment. In addition, the data collection system shall con-
form to appropriate FCC standards for electromechanical ra-
diation. 

6.1.10.1 Vehicle Environment 

Data collection equipment may be mounted on various types 
of transit vehicles. Therefore, all equipment and power and 
control circuits shall have the necessary shielding and grounding 
to operate on any bus, trolley bus, or light rail,vehicle. Probable 
sources of on-board electromagnetic interference include: 

Power collectors. 
Propulsion system (cam, chopper, or variable frequency 

AC control). 
Electrical system (lighting, solenoids, relays, etc.). 
Communication equipment (public address, radio). 
Ignition system. 

6.1.102 External Environment 

Data collection equipment shall operate satisfactorily when 
located near external sources of electromagnetic interference, 
such as: 

Other vehicular traffic. 
Sixty-cycle power lines (overhead or buried). 
Industrial or high rise buildings. 
Light rail or trolley bus transit power lines. 
Light rail or other signalling systems. 
Radio/TV circuits or transmitters. 

6.1.8 Fuels, Solvents, and Fumes 

Any circuitry or equipment which is mounted such that it 
will be exposed to the following substances shall not suffer any 
degradation in performance as a result of that exposure: 

Any vehicle oils and additives. 
Brake, power steering and transmission hydraulic fluids. 
Engine coolants. 
Diesel fuel. 
Freon and degreasers. 
Soap, steam, and washing solvents.  

6.1.103 Internal Environment 

Electrical circuitry within the data collection system shall be 
separated and shielded from potential sources of interference 
such as wiring for event sensors that may carry surges of rel-
atively heavy electrical currents. 

6.2 NONOPERATING ENVIRONMENT 

6.2.1 Temperature 

Data collection equipment shall be able to withstand an am-
bient air temperature range of —35 C to 65 C without subse-
quent degradation of performance. The nonoperating tem-
perature test shall consist of three temperature change cycles 

6.1.9 Sunlight 

Radiant heating from and exposure to direct sunlight shall 
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alternating between 65 C and —35 C with 12 hours at each 
temperature for each cycle, thus a total of 72 hours of test time 
at temperature. The rate of change of temperature shall be at 
the maximum rate attainable by the test chamber but shall not 
exceed 10 C (18 F) per minute. 

6.2.2 Thermal Shock 

Data collection equipment shall be exposed to the temperature 
change cycles in paragraph 6.2.1 without subsequent degrada-
tion of performance. 

6.2.3 Vibration 

The data collection system shall be able to withstand, without 
failures and without subsequent degradation of performance, 
exposure of ± 1. 5-g sinusoidal vibration cycled from 5 to 200 
to 5 Hz at 12 min per cycle for 7 cycles (84 mm) along each 
of the three mutually perpendicular axes. 

6.2.4 Mechanical Shock 

Each component or module of the data collection system shall 
be capable of surviving drops on hard, level surfaces in the 
unpacked, nonoperating condition without subsequent degra-
dation of performance, without physical failures, and without 
physical distortion that would prevent proper assembly into the 
system. The component drop test shall consist of three drops 
from a height of 36 in. onto a concrete floor. In one of these 
drops, the component must land flat on one of its largest sur-
faces. In the other two drops the component must land on a 
corner. Each STD BUS electronics package, each sensor, the 
manual input console and the status display unit, shall all 
undergo this test. 

The STD BUS chassis with all electronics installed shall be 
subject to the following bench handling test: with the rack on 
a work bench with a solid wooden top at least l/8  in. thick, lift 
one edge of the rack 4 in., using the opposite edge as a pivot, 
and let the rack fall. Perform 4 times lifting a different edge 
each time. 

6.2.5 Other Nonoperating Environments 

All other environments in the nonoperating modes are less 
than or equal to the operating environments. 

6.3 DESIGN FEATURES 

Design and construction of data collection equipment shall 
fully consider its intended use in various transit environments. 
The contractor's responsibilities regarding design shall include, 
but shall not be limited to, the following: 

1. The design of equipment and appropriate mountings and 
enclosures in order to: 

a. Reduce the adverse effects of vibration, shock, and en-
vironmental conditions. 

Discourage vandalism, thefts, and break-ins. 
Prevent unauthorized access to internal components. 
Facilitate access by authorized personnel. 
Promote operational simplicity. 
Ensure safety. 

2. The design of interconnections between units of the system 
to include: 

Meeting functional requirements. 
Necessary cabling and connectors capable of meeting 
expected environmental conditions. 
Concealment of connections to prevent safety hazards 
and tampering. 
Necessary circuit protection. 
Mistake-proof fastening brackets for all units. 

3. The design of onboard equipment to operate directly from 
the vehicle power system during all normal operating conditions 
without interfering with the operation of the vehicle. 

The external materials and finishes of the equipment shall be 
such that the wear and punishment of continuous public ex-
posure and regular cleaning with strong detergents shall not 
adversely affect the appearance or functions of the equipment. 
This public exposure shall include both normal and abusive use. 
The enclosure shall discourage vandalism, and the finish shall 
resist corrosion. 

6.4 SECURITY 

Data collection equipment shall be designed to minimize 
losses or damage due to vandalism. The equipment shall be 
inoperable except when switched on by the driver. It shall be 
secure against unauthorized entry or removal, and shall be de-
signed so as to give the least invitation to malicious attention. 

6.5 HUMAN FACTORS 

Particular emphasis is to be given in system design to factors 
concerning the safety, convenience, and operational simplicity 
of all elements at the man/machine interfaces. Sound human 
engineering principles shall be reflected by the equipment design 
and shall include, but shall not be limited to, the following: 

The location of all equipment in such a manner as to not 
present obstruction to normal passenger activities, driver access 
to the driver area, and driver vision of roadway and surrounding 
passenger activity. 

The design and installation of all electronic equipment, 
cabling, and connectors to minimize the possibility of electrical 
shocks in the event of deliberate or accidental misuse or equip-
ment malfunction. 

The design of all displays so as to be clearly visible in 
sunlit conditions and readily readable by its intended user. 

The location of all controls so as to be easily reachable 
and operable from normal duty positions. 

The design of all components that will be accessed or 
removed for servicing accessibles with adequate space for tools 
and with the weight not to exceed 22 lb (10 Kg mass). 

The design of subsystem connections to facilitate a mistake-
proof system hookup and installation. 



6.6 RELIABILITY 

All equipment shall be designed from reliable components. 
The contractor shall identify critical subsystems and compo-
nents and shall design for their reliability in light of these prior-
ities and the impact of a failure on system operation. 

Guidelines for mean time between failure (MTBF) are as 
follows: 

Years 
Passenger Counter Sensor Beams 
Passenger Counter Sensor Mats 
Fare Category Counter 
Distance Measurement Sensor 
Signpost Transmitter 
System Controller 
Manual Input Console 

The contractor shall perform a reliability analysis of each 
subsystem and the complete system. He shall ensure that sub-
systems and components are readily replaced to minimize down-
time. 

6.7 MAINTAINABILITY 

The contractor shall establish a three-echelon maintenance 
plan that will permit the transit property to minimize downtime 
of the equipment. 

First-echelon maintenance will permit the service personnel 
to identify the malfunctioning subsystem without necessitating 
its removal from bus or service island. The contractor shall 
ensure that all test points are readily available and diagnostic 
procedures are established to complete this check in 15 mm. 

Second-echelon maintenance will include preventive mainte-
nance and repair of failed subsystems. Appropriate test points 
and procedures shall be established to isolate defective corn- 
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ponents within 30 min by a skilled technician. Repair shall be 
completed by replacement of module components. The con-
tractor shall also establish a preventive maintnenace program 
for all subsystems. 

As part of maintenance, the contractor shall provide third-
echelon support to repair equipment not within the capability 
of the transit property. Such repairs shall be completed by the 
contractor within one week. 

6.8 INSTALLATION 

The on-board portion of the system will be installed on con-
ventional urban and suburban transit coaches. Buses of both 
U.S. and foreign design are typical, including, but not limited 
to, all models General Motor's RTS, Flxible's 870, "New Look" 
coaches manufactured by GM of Canada, Flyer Industries, Neo-
plan, and Gillig and the various articulated buses manufactured 
by Crown Ikarus, Neoplan, and MAN. 

The contractor's responsibilities regarding installation shall 
include, but shall not be limited to, the following: 

1. The mounting of all equipment to: 
Reduce the adverse effects of vibration. 
Prevent vandalism. 
Prevent unauthorized access to appropriate components. 
Facilitate access by authorized personnel. 
Promote operational simplicity. 
Maintain safety. 

2. The appropriate connection of all subsystems including 
the: 

Necessary cabling and connectors capable of meeting 
expected environmental conditions. 
Concealment of cabling to prevent safety hazards and 
tampering. 
Necessary circuit protection. 
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