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PREFACE

This Final Report describes the systems and subsystems characteristics, and
reports on initial testing of a ticket vendor, the High Reliability Ticket
Vendor (HRTV) developed by the Port Authority Transit Corporation of
Pennsylvania and New Jersey (PATCO). The performing organization accomplished
their work under sponsorship of the Technical Assistance Program of UMTA
through the Transportation Systems Center, U.S. Department of Transportation,
Contract No. DTRS-57-80-C-00081. Messrs. John E. Cadigan and Joseph S.

Koziol, Code DTS-65 of the Office of Systems Assessment, Safety and Security
Division were the Technical Monitors.

The work presented was drawn from data furnished by PATCO, interviews with
PATCO personnel, and test data collected during visits to PATCO's Lindenwold
Station. Dynatrend acknowledges PATCO's cooperation and in particular the
assistance of Messrs. J. William Vigrass, Clayton E.Yost, and George C.
Paxson.

The objective of this study was to describe and evaluate PATCO's newly
developed ticket vendor to enable the managers of other transportation
properties to assess the applicability of PATCO's vendor to their fare col-
lection needs. This effort was initiated in December 1980 at which time the
HRTV subsystems were being assembled. DescriPtive data was obtained at that
time, and the effort was then halted until the vendor was ready for instal-
lation at a station and its performance could be assessed. In June 1982, th

investigation was resumed when the field test demonstration was initiated.
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EXECUTIVE SUMMARY

The objective of the study was to describe and evaluate a ticket vendor
recently developed by the Port Authority Transit Corporation of Pennsylvania
and New Jersey (PATCO) to enable managers of transportation properties to
assess the applicability of PATCO's vendor to their fare collection needs.

PATCO is a relatively small transit system that provides rail service between
downtown Philadelphia and suburban Lindenwold, New Jersey, a distance of 14
miles with a total of 13 stations from end to end, for about 40,000 passengers
per weekday and about 11 million passengers per year. The system which began
operation in 1969 is characterized by Automatic Train Operation wherein each
train has a crew of one person, and by Automatic Fare Collection (AFC) wherein
the stations are unattended for long periods during each day. Ticket sales
are made directly to the patrons by vending machines which are monitored by
closed circuit television (CCTV) cameras, and the turnstiles, which subtract
rides from the tendered magnetically encoded tickets and capture exhausted
tickets, are also monitored by CCTV. PATCO's experience has demonstrated that
AFC is workable, but it was found that the station equipment had high failure
rates which resulted in patron inconvenience and high maintenance costs. Fol-
lowing acquisition of new turnstile gates and some modifications, the gates
now provide excellent service. Over the years there has been several programs
to upgrade reliability of ticket vendors, but these programs have not achieved
their design goals.

In 1977, a decision was made to initiate an in-house design of a High Relia-
bility Ticket Vendor (HRTV). This effort was supported by an UMTA R&D Section
6 Grant (1980). A prototype HRTV was developed and installed at the Linden-
wold Station on May 9, 1982. This report provides a first look at the de-
scription of operation and performance of this new vendor.

PATCO's HRTV is an exact-value ticket dispensing vending machine (no change

given) which can issue as many as three tickets of different value. It has

been designed to accept large fares for issue of a single ticket, and can
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accommodate any combination of nickels, dimes, quarters, Susan B. Anthony one
dollar coins, and one dollar bills which add up to the exact fare. (Fifty cent
pieces can also be accepted, but current policy prohibits acceptance of this

coin.)

HRTV design goals included: (1) high reliability, (2) easy maintenance,

(3) Tow cost equipment operations and maintenance costs, (4) greater use of
electronic solid state techniques and minimization of mechanical operations,
(5) allowance for continued use of existing magnetically encoded tickets,

(6) vending of recycled tickets which may be slightly deformed and irregularly
stacked, (7) use of presorted stacks of different ticket values, (8) design of
subsystems to adjust to known problems of worn coins and bills and coin jams,
(9) automatic issuance of tickets, (10) operation based on exact change (ad-
dition of a change maker, if desirable, is a minor retrofit), (11) operation
in a outdoor environment, (12) no bill stacking, (13) no money counting in
equipment, (14) acceptance of high value escrow, (15) prevention of and defeat

of fraud, and (16) vandal-proofing.

Vendor design has utilized the availability of CCTV surveillance. If a stack
is jammed or out of tickets, then one of three lights located on top of the
cabinet are turned on, when the internal logic detects the fault; if one of
the other vendor subsystems fails then all three lights turn on. Appropriate
maintenance action is requested by the person monitoring the CCTV. The CCTV
is also used to monitor the external physical security of the vendor. In-
ternal security is maintained via separate locked coin and bill vaults, and

counters which allow for determination of cash deposited and tickets sold.

A ticket can only be vended if the exact amount of money is deposited. At any
point during the transaction up to depressing the ticket selection button
after the correct amount of money has been deposited, the money return button
can be pushed and all the money being held in escrow will be returned. Light
Emitting Diodes (LED) display the sum of money deposited following insertion
of each coin and bill,

There are 11 major HRTV subsystems which include a: bill acceptor, bill
escrow, bill vault, coin acceptor, coin escrow, coin vault, ticket dis-
pensers(3), command/control, transaction/ticket counters(9) power supply, and



cabinet. The Rowe Model BA-5 is the dollar bill acceptor; the bills, which if
accepted, fall onto a belt in the bill escrow subsystem designed by PATCO. If
a ticket is issued, the belt moves so as to deposit the bills into the vault,
and if the money return button is pushed, the belt moves so as to deposit the
bills into the till where they can be retrieved by the patron. The coin
acceptor and coin escrow subsystems were also designed by PATCO. If a coin is
accepted, it is held in escrow till the decision is made to make a ticket
selection, at which time the container holding the coins pivots to allow the
coins to fall into the vault; if a slug or one cent coin is deposited or the
money return button is pushed, then all the coins (and bills) will be returned
through the till. The most innovative feature of the HRTV is PATCO's design
of the vend picker unit which on command pushes a ticket from the stack into
the exit throat of the vendor where it can be extracted by the patron. In
previous designs of power vend units, the picker - a unit with small raised
surfaces that pushes against the ticket - is fixed relative to the direction
of the picker arm stroke. It is necessary in this type of design for the
relative dimensions between the picker surface and ticket be held within a
relatively small tolerance to insure that only one ticket will be issued. The
use of three gimballed joints in the HRTV allows for some relative motion
between the picker surface and picker arm, and this greatly increases the
acceptable tolerances in ticket shape and quality of stacking which in turn
improves reliability and reduces maintenance problems. Complementary Metal
Oxide Surface (CMOS) logic was used by PATCO in the design of the HRTV's
command/control (c/c) subsystem. The c/c system is distributed among five
plug-in boards. An important design feature of the boards has been to locate
in-line test points which normally read zero voltage along the outside edge;
to trouble-shoot the vendor, the leads of a voltmeter are run along the test
points in search of the fault, a non-zero reading.

Reliability and maintainability data were collected, during a five month test
period beginning on June 9, 1982 and running through November 11, for the HRTV
as well as the four Advanced Data System ticket vendors located at Lindenwold

Station. The HRTV reliability performance over this period was estimated as
2724.86 mean cycle between failures (MCBF) whereas the composite performance

Xi



for the other four vendors was determined to be 492,55 MCBF. (The composite

performance of data, related to eight IBM and nine cubic vendors operated by

BART, was found to be 140.80 MCBF). Significance testing of the MCBF for the
HRTV and the other four vendors at Lindenwold indicated that there was only a
0.1% chance that the observed results could be due to chance.

It was determined that the mean time to repair the HRTV is 0.3375 hours and
that this time is comparable to the repair time for the other vendors at
Lindenwold. Repair time is the time to trouble-shoot and replace vendor sub-
systems on-site; it was not possible to include shop time because the HRTV is
a one-of-a-kind. Based on this evaluation, it appears that the field service
repair time has not been improved. The HRTV has the same Tevel of complexity
as the other vendors and turnstiles being maintained by PATCO personnel, so
there should be no requirement for additional personnel or equipment resources

other than a short training program.

Data was collected over a three day period to assess the service time of the
vendors at Lindenwold Station; service time is the time from initiation of
currency deposit by the patron till a ticket is dispensed. It was found that
the HRTV is much slower than the other four vendors when about nine or less
deposits are made to acquire a ticket. If nine deposits are made, then the
service time of the HRTV is comparable to the other vendors, and for a greater
number of deposits the HRTV is faster.

It was concluded that the design of the HRTV prototype vendor represents a
substantial improvement in reliability. Consideration should be given to
acquisition of sufficient number of these vendors to provide all the fare col-
lection equipment at one or more stations with the goal of collecting data for
establishing vendor system performance, and acquisition and operating costs to
assess whether the HRTV should be added to the inventory of equipment availa-
ble to the owners of rail transit properties.

xii



1.0 INTRODUCTION

This section provides a brief description of the transit system operated by
the Port Authority Transit Corporation of Pennsylvania and New Jersey, and the
factors that have led to their development of a high reliability ticket
vendor. The objectives of this assessment of the prototype development model
of PATCO's vendor, and the approach taken to this collection, analysis, and

evaluation program are presented.

1.1 DEVELOPMENT OF A HIGH RELIABILITY TICKET VENDOR

The PATCO Hi-Speed Line is owned and operated by the Port Authority Transit
Corporation (PATCO) of Pennsylvania and New Jersey, with headquarters in
Camden, New Jersey. PATCO is a relatively, small rail transit system which
does not receive Federal or State operating subsidies. Total route length is
14 miles, and the line extends from downtown Philadelphia to suburban
Lindenwold, New Jersey with a total of 13 stations. PATCO carries on the
average 40,000 passengers per weekday and about 11 million passengers per

annum.

This rail line which began operations in February 1969 was the first modern
high performance automated rapid transit facility in the United States. The
area presently served by PATCO is shown in Figure 1. Automatic Train Oper-
ation, a system introduced by PATCO, is used to control of each train which
vary in size from one car to a maximum of eight cars. Every PATCO train has a
crew of one person, the Train Operator. PATCO also introduced an Automatic
Fare Collection (AFC) system wherein the stations are unattended,! i.e.,

there are no attendants or cashiers. Ticket sales are made directly to the
patrons by ticket vending machines which are monitored by closed circuit tele-
vision (CCTV) cameras. Assistance to patrons is available if needed from
Call-For-Aid telephones located in each station. An arrangement of a typical

suburban station is presented in Figure 2. The top photograph presents an
external photograph of the entrance structure. Note the glass block wall and

1Sixty percent of the passengers purchase tickets from vendors. Three
stations have cashiers during rush hours.
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the handrails at the top of this staircases at both ends of the entrance
structure. The middle photo presented in Figure 2 shows the array of all

of the automatic vendors in the station and some of the money changing
equipment. For orientation purposes, the glass block wall can be seen through
the curtains located above the vendors and changers, and also the bottom of
the two staircases can also be seen. The top left of the middle photo shows
the CCTV camera used to monitor the turnstiles. After purchase of tickets
from the vendors, the patrons turn around and walk toward the turnstiles shown
in the bottom photograph of Figure 2. The CCTV camera which monitors the
vendors and changers can be seen in the top center of the bottom photograph of
this figure. Also shown on the right side of the photo is the Call-For-Aid
telephone, available to the patron from either side of the turnstiles, pro-
vided for those needing assistance, and immediately to the left of the phone
(but not shown) is a ticket window which is opened during the morning and
evening rush hours where multiple ride tickets are sold and change is pro-
vided. Multiple ride tickets can also be purchased at the newsstand (not
shown) to the left of the turnstiles. To the right of the ticket window and
not shown are two dollar bill changers.

Electronically controlled gates allow passage to the trains upon insertion of
a magnetically encoded ticket. This ticket is returned to the passenger
after passage through the gate, and the same ticket must be used to allow exit
from the station through the turnstile at the destination station. After the
ticket has been exhausted, that is when the number of available rides have
been used up, the ticket is captured and recycled.

PATCO's experience 2 has demonstrated that AFC and unattended stations is

workable, but it was found that the station equipment had high failure rates
which resulted in customer inconvenience and high maintenance expenses. The
original power-operated, four door, hydraulic gates used for the turnstiles
had a high failure rate, and it was determined that a reliability improvement
program would not significantly improve performance. New turnstile type gates
were ordered and installation was completed by 1976. Following some modifi-

2This historical description was extracted from PATCO's application for R&D

Grant for Development of a High Reliability Ticket Vendor Under Section 6 of
UMTA Act of 1964, dated April 3, 1980.




cations, these new gates achieved a high level of reliability, and now provide
excellent service. Over the years, there have been several programs to
upgrade the reliability of ticket vendors, but these programs have not
achieved their design goals.

The original ticket vendors supplied to PATCO were manually operated, and the
coin count mechanism was of a type similar to those used in beverage vending
machines. PATCO found that heavy usage rapidly wore out the coin count
mechanisms and opened up tolerances in the ticket release mechanism which
resulted in ticket vendor failures. A design deficiency in the ticket release
mechanism made it necessary for the patron to extract the ticket in one con-
tinuous motion, otherwise the ticket engagement mechanism would move to the
next ticket while the first ticket was still blocking the path. The patron
could not extract the first ticket although his/her money had been accepted,
and the vendor would continue to accept additional money from other patrons
with a high likelihood that no ticket would be dispensed and the money
retained. By 1973, 15 ticket vendors were modified to (1) surmount the ticket
extraction problem, (2) allow a money count to $1.95, and (3) provide a dollar
bill acceptance mechanism. It was found that the power vend mechanism gave
good service at first, but with usage and attendant wear, the reliability of
the mechanism dropped drastically. The ticket engagement mechanism was not
easy to repair, nor was it simple to fabricate replacement parts. By 1974, a
redesigned adjustable ticket engagement mechanism was added. Performance was
improved, but required a scheduled maintenance program to insure that critical
mechanical alignments stayed within tolerance. By 1976, the coin acceptor
mechanisms were found to be badly worn, and it was not feasible to fabricate
new parts necessary for repair. This resulted in the design of a new coin
sizing mechanism which incorporated photo-sensors and electronic logic

circuits. These coin acceptors have proven to be highly reliable, with only a

few failures per year.

Although ticket vendor reliability programs improved certain problems, the
overall performance was not satisfactory since maintenance costs were still
high, and failures resulted in inconvenience to the public. In 1977, an
assessment was made of the necessary modifications to the existing vendors for



improvement of their performance. It was decided that a modification program
to upgrade existing equipment would probably not provide the desired results.
A review of available equipment, including evaluation of potential improve-
ments to existing hardware would not yield the desired level of reliability
and maintainability, so the decision was made to initiate the in-house design
of a high reliability ticket vendor (HRTV). A prototype HRTV was developed
and installed at the Lindenwold Station near PATCO's Lindenwold Shop on May 9,
1982. This report provides a first lTook at the description of operation and
performance of this new vendor.

1.2 OBJECTIVES OF ASSESSMENT

The goal of this assessment is to evaluate the high reliability ticket vendor
(HRTV) developed by PATCO in part under an UMTA R&D Section 6 Grant (1980),

and to prepare a report which provides sufficient detail about HRTV operation
and performance to enable managers of said properties to determine its appli-

cation to their fare collection needs.
The specific outputs of this investigation are:

(1) a description of the HRTV system and subsystems,

(2) determination of the reliability and maintainability of the HRTV in
its operational environment, and comparison of performance with other
ticket vendors located within the same station,

(3) determination of waiting and service times to procure tickets from
the HRTV and from other nearby vendors, and

(4) assessment of the utilization of the HRTV by the passengers.

1.3 APPROACH TO ASSESSMENT
This assessment of PATCO's HRTV was conducted through:

(1) discussions with the development engineer, head of maintenance and

repair, and supervisor of equipment,



review of maintenance and repair records of the HRTV and other

vendors,
observation and data collection of patron interaction with HRTV and

nearby vendors,
statistical analysis of data and extraction of inferential compari-
sons regarding reliability, maintainability, and time to acquire a

ticket.
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2.0 SYSTEM DESCRIPTION

PATCO's High Reliability Ticket Vendor (HRTV) is an exact-value ticket dis-
pensing vending machine (no change given) which can issue tickets with as many
as three different fare values. It has been designed to accept large fares
for issue of any single ticket, and can accept any combination of dollars or
coins which add up to the exact fare value. The upper limit of fare value
that could be held in escrow during the ticket purchase process were tested up
to a deposit of over 30 bills, and over 100 coins. This high escrow design
feature allows for changes in fare structure without regard to vendor limi-

tations. Currency acceptable to the HRTV includes:

e nickel

e dime

° quarter

e half-dollar 3

e one dollar Susan B. Anthony (SBA) coin
e one dollar bill

The vendor has been designed to be (1) resistant to vandalism, which is aided
by constant monitoring by a closed circuit television camera (CCTV), (2)
intolerant to acceptance of counterfeit currency, (3) simple to use by the
patrons, (4) highly reliable, and (5) rapidly repaired and placed back-on
line. At the time of a vending malfunction, either one or more ticket stacks
are shutdown or the entire vendor is removed from service. When a vendor
failure occurs one or more lights turn on, and these 1ights can be seen and
interpreted at the CCTV monitor located at central control.

2.1 PATCO'S FARE COLLECTION REQUIREMENTS

At the time of preparation of this report, the array of PATCO vendors were
dispensing five different value one-way tickets. Fare structure policy
requires (1) four different fare values between Philadelphia stations and New
Jersey stations, and (2) a single fare for rides between New Jersey stations.

3The equipment can be programmed to accept a half-dollar, but the present
policy requires that this coin not be accepted.



Only one-way tickets can he purchased in Philadelphia, but round trip tickets

can be purchased at all Mew Jersey stations. Round trip tickets cost two
times the one-way fare, and there are a total of ten different fare value
tickets dispensed from vendors. (Ten ride tickets can be purchased at news-
stands located at the stations or by mail.) Ticket booths staffed by a
cashier during the two rush hour periods are located at three stations. PATCO
has five different fare types:

(a) all Philadelphia stations to Broadway in Camden $0.70
(b) all Philadelphia stations to Ferry Ave. in Camden .95
(c) all Philadelphia stations to Haddonfield, New Jersey 1.25
(d) all Philadelphia stations to Lindenwold, New Jersey 1.45
(e) all New Jersey stations 0.75

Vendors located in Philadelphia dispense four types of tickets: (a), (b),
(c), (d), and vendors located in Mew Jersey dispense two types of tickets:
(a) or (b) or (c) or (d), and (e). Of course, no single vendor at a given
station has to dispense all required tickets, but the array of vendors at a

given station provide for all the combinations.
2.2 VENDOR DESIGN GOALS

The major system design requirements set forth for the design of the HRTV

included:

(1) high reliabhility,

(2) easy maintenance,

(3) low cost equipment operations and maintenance costs,

(4) greater use of electronic solid state technique and
minimization of mechanical operations,

(5) allowance for continued use of existing magnetically encoded
tickets,

(6) vending of recycled tickets which may be slightly deformed and
irregularly stacked,

(7) wuse of presorted stacks of different value tickets,
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(8) design of subsystems to adjust to known problems of worn coins and
bills, and coin jams.

(9) automatic issuance of tickets,

(10) operation based on exact change,®

(11) operation in an outdoor environment,

(12) no bill stacking,

(13) no money counting in equipment,

(14) acceptance of a high value escrow,

(15) prevention of and defeat of fraud, and

(16) vandal-proofing.

2.3 OVERALL CONFIGURATIOM OF VEMDOR

The HRTV is shown in Figure 3, and has been designed to be hung from the

wall. Some physical characteristics include:

e overall cabinet dimension

53 3/4 in. high

36 in. high

20 1/2 in. deep
e weight

325 1b (approx.)

e line input current at 110V. AC (transit power)

0.6A stand by
2.0A ticket vend
1.9A major fault (all lights on, and vendor removed from service)

The top of the steel cabinet shown in Figure 3 is 69 in. above the floor.

“This was a policy decision. Change is available at dollar bill changers
located near the vendor. Addition of a change maker to the HRTV is con-
sidered to be a minor retrofit.
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TICKET VENDOR
SERVICE LIGHTS
(Normally Off)

-
PHILADELPHIA, PA
ONE WAY TICKET
MONEY DEPOSIT $1.45
DEPOSIT PUSH BUTTON
DISPLAY
-
PHILADELPHIA, PA
COIN ROUND TRIP TICKET
DEPOSIT DEPOSIT $2.90
SLOT PUSH BUTTON
DOLLAR BILL
DEPOSIT AND STATION SERVICE
REJECTED BILL GRAPHICS
RETURN SLOT
TICKET SELECTION BUTTONS
ESCROW
RETURN
MONEY
RETURN URBAN MASS TRANSPORTATION PROJECT
BUTTON TICKET VENDOR
SPONSORED BY PORT AUTHORITY
" TICKET EXIT SLOTS TRANSIT CORPORATION AND U.S.
DEPARTMENT OF TRANSPORTATION
PROJECT NO. NJ-06-0012

FIGURE 3. HIGH RELIABILITY TICKET VENDOR-OPERATIONAL CONFIGURATION
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Provision has been made for the placement of a Braille plaque in the area
presently covered by the station service graphics. A plaque was prepared, but
its installation has been delayed and awaits confirmation of its helpfulness

to the visually impaired.

2.4 INTERFACES WITH THE PUBLIC

Figure 4 presents a flow chart of the sequence of patron inputs and vendor
responses that take place during the process of ticket sale. The HRTV is an
exact change machine, and a ticket will only be vended if the money deposited
equals the value of the ticket. A ticket will not be dispensed if overpayment

is made.

On the top left of Figure 4, the process of ticket purchase begins with START
followed by DEPOSIT MONEY. 5> The HRTV accepts dollar bills, Susan B. Anthony
(SBA) dollar coins, quarters, dimes, and nickels. The HRTV currently dis-
penses tickets valued at § 1.45 and $2.90, and any combination of bills and
coins that add up to these values can be deposited in any order; it is pos-
sible to use two one dollar bills for the higher priced ticket. When a bill
is deposited, the vendor assesses whether a VALID RILL? has been deposited.

If the bill is inserted into the bill slot with the incorrect orientation,
relative to the required input orientation, or has a value greater than one
dollar or is badly worn or counterfeit, then the hill will be rejected (REJECT
BILL). Rejection takes place at the bill deposit slot, shown in Figure 3. If
the bill is accepted, then the BILL GOES TO ESCROW within the vendor, and the
AMOUNT DEPOSITED IS DISPLAYED. Vendor logic determines whether each coin
deposited is a VALID COIN? 1If a one cent coin is deposited, or a slug is
deposited, then the state VALID COIN? NO, exists and all coins and bills
deposited will RETURN (from) ESCROW. If a VALID COIN? YES state exists, then
the COIN GOES TO ESCROW and the AMOUNT DEPOSITED is displayed. The next step
in the sequence is TICKET BUTTON IS PUSHED.

SCapitalized words refer to flow chart of Figure 4.




DISPLAY RETURNS le—i{MONEY RETURMED || PUSH OVER
TO ZERO FROM ESCROW MONEY RETURN PAYMENT
Yes No
PATRON DETERMINES No
AMOUNT
TO BE ADDED
REJECT
BILL No
BILL GOES
TO ESCROW
AMOUNT TICKET START
STaHT—I———I i) DEPOSITED BUTTON TICKET (A )>
IS DISPLAYED IS PUSHED TRANSPORT
COIN GOES
TO ESCROW
RETURN
ESCROW
USE ANOTHER
STACK
STACK LIGHTS
TURNED ON
SOLD OUT
STACK TAKEN
OUT-OF SERVICE
ALL LIGHTS
AND BEEPER
TURN ON
f No
VENDOR TAKEN .
OUT-OF SERVICE
4y Y INITIALIZE
ICKET ADVANC es Yes ELECTRONICS MACHINE
ACTIVATED EXIT E\QS:'BI'J MECHANISM EQUIPMENT RETURNED TO READY
MICRO-SWITCH WORKED & TURN OFF INITIAL FOR NEXT
? DISPLAY CONDITION PATRON
?

FIGURE 4. HIGH RELIABILITY TICKET VENDOR OPERATIONS FLOW CHART
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If the CORRECT FARE FOR TICKET? NO is determined by the vendor logic, then
either an underpayment or overpayment has been made. For UNDERPAYMENT? YES,
the next step is to START OVER? If the NO branch of start over is followed,
the PATRON DETERMIMES AMOUNT TO BE ADDED and DEPOSIT(s) MONEY, and the initial
phase of DEPOSIT MONEY is repeated. If the YES branch of start over is fol-
lowed, then it is necessary to PUSH MONEY RETURN, immediately after which the
MONEY (is) RETURNED FROM ESCROW, followed by DISPLAY RETURNS TO ZERO. The
patron must then DEPOSIT MONEY and repeat the process. If the UNDERPAYMENT ?
NO branch is followed, then an OVERPAYMENT has been made, and the patron must
PUSH MONEY RETURN and follow the sequence shown in Figure 4 which will lead to
return at all money and require the patron to start over, i.e., DEPOSIT MONEY.

If the correct fare is deposited then the CORRECT FARE? YES branch is fol-
lowed, and the START TICKET TRANSPORT process begins. A sensor determines HAS
TICKET ADVANCE ACTUATED EXIT MICRO-SWITCH? If the response is NO, then the
STACK (is) TAKEN OUT OF SERVICE, and STACK LIGHTS (are) TURMED ON. The patron
must USE ANOTHER STACK, PUSH MONEY RETURN, and repeat the process at DEPOSIT
MONEY.

The purpose of the exit micro-switch is to ensure that if the ticket is not
dispensed, the patron can get his/her money back. If the HAS TICKET ADVANCE
ACTUATED EXIT MICRO-SWITCH ? YES, then the next step is for the vendor to
VAULT ESCROW and capture the money. Another sensor determines HAS VAULT
MECHANISM WORKED ? If NO, then the VENDOR (is) TAKEN OUT-OF-SERVICE and ALL
LIGHTS AND BEEPER TURN ON. If HAS VAULT MECHANISM WORKED? YES, then the
vendor INITIALIZE(s) EQUIPMENT AND TURN(s) OFF DISPLAY. The vendor then
performs a self-test to determine HAS ELECTRONICS RETURNED TO INITIAL
COMDITION? If NO, then the VENDOR (is) TAKEN OUT-OF-SERVICE, and if YES it is
next determined HAS PATRON TAKEN TICKET? If the answer is NO, than the STACK
(is) TAKEN OUT-OF-SERVICE and if YES, then the MACHINE (is) READY FOR NEXT
PATRON.

During the ticket transaction process, the only read-time process information
provided by the HRTV to the patron is (1) the amount of money that has been



deposited, and (2) appearance of stack light(s) and beeper in the event of

equipment failure.

Figure 5 shows the HRTV, after it is removed from service. The three lights on
top are 1it; the place where the amount of money deposited is normally dis-
played is 1it to read OUT OF ORDER, and the displays which are in Tine with
the ticket buttons and normally dark show the words SOLD OUT. A low volume
beeper is also turned on to discourage further usage. Lights atop the vendor
are viewed by a continuously monitoring CCTV camera located within the station
(see bottom photo in Figure 2), and can be interpreted by an operator at
PATCO's control center located in Camden, New Jersey who then dispatches a
service person to correct the problem. When a single stack is OUT-OF-ORDER
(or out of tickets), one light atop the vendor as well as the SOLD OUT light
for the particular ticket dispenser turns on.

If the patron needs assistance in using the vendor, there is a Call-For-Aid
telephone (see bottom photo of Figure 2) which puts him/her in direct contact
with PATCO's control center. The phone and turnstiles are also under surveil-
lance by a CCTV camera (see bottom photo of Figure 2). [If the proper funds
have been deposited and a vendor does not deliver a ticket, the control
center, after telephone notification, can unlatch the turnstile and allow the
patron to enter the system; since the patron entered without a ticket, it is
necessary for him/her to call the control center at the destination station so
the turnstile can be unlatched to permit exit.

2.5 VENDOR SECURITY

Vendor security refers to the protection of the HRTV against (1) overt and
covert attack by the public, and (2) theft of revenue by employees.

2.5.1 FExternal Security

The vendor and its contents are protected from overt attack through design of
a steel cabinet which provide penetration delay time, and the presence of a
CCTV monitoring system which allows for early detection. When an attack is
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observed, the PATCO security person would notify the police, and through a
Toud speaker located in the station could also at his/her option notify the

attacker that the police are on the way.

If the attacker could manage to open the vendor door, it would then be neces-
sary to defeat a padlock to get at the dollar bills stored in the bill vault
and another padlock to get at the coins stored in the coin vault. The tickets

are not secured.

The principal mode of covert attack would be through the deposition of
counterfeit bills and slugs. As a result of the multiple tests that can be
performed on paper money by the bill acceptor, collection of counterfeit

money by the HRTV is negligible. Like other transit properties, PATCO
acknowledges revenue losses resulting from the use of slugs and tolerates it
to a limit. When the rate of slug deposits becomes unacceptable, an integrated
police/revenue department procedure is instituted to help capture the offend-
ing person(s). First, the revenue department determines the time of day the
slugs are being deposited. This is accomplished via more frequent revenue
collections about the time the slugs are being deposited, to help pinpoint a
time pattern. After a pattern of slug passing has been formulated, a police
officer in plain clothes observes the patrons conducting transactions with the
vendors with the intention of apprehending the cheat.

It is not possible for the vendor to issue a ticket and return the monies held
in escrow if for example a patron should push both buttons. Once the
advancing ticket activates the exit micro-switch, the monies are vaulted and a
ticket is issued. In the event the exit micro-switch is not activated by the
ticket, then the monies will be returned from escrow. If the ticket advance
micro-switch does not work, the stack is taken out of service and the stack
light(s) is turned on; and if the vault mechanisin does not work, the vendor is
taken out of service and all the stack lights turn on. These lights alert the
security person located at the control center to request that maintenance
action be taken.
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2.5.2 Internal Security

Both revenue personnel and maintenance personnel can gain access to the
interior of the cabinet, but only the revenue personnel have keys to unlock
the padlocks on the bill vault and the coin vault. Accountability for the
tickets is maintained by a pair of electromechanical counters one of which
indicates when a ticket is vended and the other when a ticket is taken. The
monies deposited can be accounted for by the mechanical counter attached to
the picker arm of each ticket stack; the arm can only be commanded to move

forward, if the exact amount money req<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>