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PREFACE

Collecting the data for this assessment would have been nearly
impossible in the short time available without the cooperation
and active aid of the transit systems. In both systems,
individuals provided maintenance records and many hours to
discuss equipment problems, to provide on-site observations of
equipment repair, and to provide on-site observation of the
self-service fare collection and enforcement procedures. In
Calgary, Percy Cowan, Clay Switzer, Sven Madsen, Edward Koks-
Porietis and Jerry Anderson generously provided their time and
experience. In Edmonton, Dave Pagett, John Reid and Humberto
Linarez preempted time from busy schedules to provide help.
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EXECUTIVE SUMMARY

An assessment of Self-Service Fare Collection (SSFC) equipment
was conducted for two light rail transit (LRT) systems in the
Canadian cities of Calgary and Edmonton in Alberta province.

The assessment was sponsored by the U.S. Department of
Transportation, Urban Mass Transportation Administration, Office
of Technical Assistance, and was monitored by the Transportation
Systems Center, U.S. Department of Transportation, Cambridge,
MA. It was conducted according to the Property Evaluation Plan
(PEP) developed by Input Output Computer Services, Inc. for TSC
(Ref. 1), in cooperation with the rail transit systems in the
U.S. Additional measures of station and system availability
were computed because they were considered necessary to assess
performance with the self-service operations. The purpose of
the assessment was to create a basis of comparison for new and
planned SSFC systems in the United States by using the
experience of these well established and successful systems in
these two Canadian cities.

Calgary Transit

Calgary's SSFC equipment consists of 43 ticket vending/
validating machines manufactured for Calgary by XAMAX AG of
Zurich, Switzerland. Forty-one of these machines are installed
at 12 of the 16 LRT stations. Twenty-two machines are located
inside six heated stations. The other 19 are exposed or
partially exposed to the severe weather experienced by this
northern city.

The machines dispense single-ride, time-limited, adult or
children's tickets and will validate multi-ride tickets
purchased elsewhere. The machine does not make change, but will
return the coins deposited if the reject button is pressed. The
machine is capable of detecting some failures, and transmits an
alarm to a central monitoring station where maintenance
personnel can be dispatched.

Calgary Data Collection

Data for the assessment were obtained by reviewing system-
maintained data records, and by discussions with maintenance
personnel during a visit to Calgary from November 15 to 17,
1982. Complete records for transactions and failures were
available for a survey period starting on April 8, 1982 and
ending on July 26, 1982 which covered 109 days or 2180 hours of
operations. Down time data defined in the PEP procedures were
not recorded by Calgary, so estimates for the various types of
failures were made after discussions with the maintenance
personnel. The survey period included the week long Calgary
Stampede in July which increased LRT ridership more than
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ten-fold. The machines collectively recorded 1,266,260
transactions (ticket dispensed or validated) with 502 failures
of various types during this period. The mean transactions per
railure (MTF) was 2,522.

Calgary Ticket Machine Performance

Tables ES-1 and ES-2 summarize the performance of the machines
by station and by component, respectively. Each table shows the
input data (transactions, operational time, failures down time)
on the left, and the computed performance measures (Reliability
(R), Availability (4), Average Down Time (ADT), and Mean Time to
Repair (MITR)) on the right.

There was a seven to one variation in the number of transactions
recorded across the stations with a four to one variation for
failures and MTF. For the most part, stations with a higher
number of transactions also had a higher MIF. Hard failures
(those requiring repair or replacement of parts) ranged from
none at Southland to 23 at Center Street. Each station
exhibited average availabilities in excess of 99.5 percent. The
average down time (ADT) at each station was approximately three
quarters of an hour, and the mean time to repair (MITR) was
close to an hour. Both of these measures contained a fixed time
estimate of 30 minutes for response time.

The ticket dispenser accounted for the greatest proportion of
failures (49 percent), largely due to ticket stock running out
and printer ribbons wearing out. It accounted for 78 percent of
the hard failures, largely due to tickets stuck in the
guillotine. The cash box accounted for 20 percent of the
failures, largely due to the cash box becoming full before the
regular cash pick-up was made. A design weakness in the cash
box has forced Calgary to use an outside armored car service
with bonded and armed guards making the cash pickups. Calgary
is now taking steps to strengthen or replace this box, so they
can make more frequent pickups with their own personnel in the
future. Also, they are modifying the failure detection system
in the machine to send an error code to the central monitoring
station when the cash box is nearly full.

Edmonton Transit

Edmonton's SSFC equipment consists of 40 ticket vending machines
manufactured by Duncan Industries, Inc. of Chicago. All
machines are installed on the inside of the six heated LRT
stations. Thirty-four of the machines still have turnstiles
which remain from the original barrier and fare agent collection
system. The turnstile tripod is now free-wheeling, and is no
longer a source of failures. Six of the machines, one per
station, do not have turnstiles, and are located away from the
general passenger flow. They were installed when the system was
converted to SSFC to aid handicapped passengers in wheelchairs.
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The machines dispense single-ride, time-limited, adult or
children's tickets. The machine does not make change nor can it
return coins deposited. It dispenses a ticket when the correct
or greater amount of coins have been deposited. Any overpaynment
is "remembered" by the machine for 40 seconds, and may be used by
the next passenger within the 40 second period.

Edmonton Data Collection

Input data for the assessment were obtained by reviewing system-
maintained data records, and by discussions with maintenance
personnel during a visit to Edmonton from November 18 to 19 in
1982. Records for transactions and failures were reviewed for
the months of July, August and September 1982, which covered
620, 620, and 600 hours of operation, respectively. Down time
data defined in the PEP procedures were not recorded by
Edmonton, so estimates for the various types of failures were
made after discussions with maintenance personnel. The month of
July includes Edmonton's Klondike Days which increases LRT
ridership more that sixteen-fold over the months of August or
September. The number of transactions (tickets dispensed)
during these months was 2,447,913, 164,823 and 144,226
respectively, with 391, 247 and 287 failures. The MIFs for
these three months were 6,261, 667 and 503.

Edmonton Ticket Machine Performance

Tables ES-3, ES-4 and ES-5 summarize the performance of the
machines by station for the three survey months. Table ES-6
summarizes the performance of the machines by component for the
combined three month period.

The most important observation when comparing the three months
is that the number of failures does not increase proportionately
with the number of transactions. The July transactions are
roughly 16 times greater than either August or September while
the July failures are only about 1.5 times greater. This
disparity may also be seen in the ten to one difference in MTF
for July versus the other months. While there is no hard
evidence, it is possible that the greater passenger flow . .may
discourage vandalism of the machines, particularly the practice
of stuffing pieces of paper in the coin mechanism. Further,
certain mechanical failures such as ticket or coin jams may be
related to periods of non-use such as overnight or between the
morning and evening rush hours when the loop of ticket stock
closest to the dispenser has a chance to gain (or lose) moisture
content faster than the rest of the fan-fold stock, or the coin
chutes becomes sticky from congealing body oils brought in by
the coins. This large difference in reliability with the volume
of transactions should be studied more carefully.
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All stations demonstrated an average availability in excess of
99.1 percent. The average down time (ADT) at each station was
approximately three quarters of an hour, and the mean time to
repair was somewhat greater.

The distribution of failures across components over the July to
September period (see Table ES-6) shows that the ticket
dispenser had the largest number of failures (55 percent)
followed by the coin mechanism (31 percent). The coin mechanism
had the greatest number of hard failures (34 percent) where
repair or replacement of parts was required. The electrical
system had the second largest (32 percent), mainly because of
lamps burning out.

Comparison to Similar Equipment

In an earlier study by Deibel and Wood (Ref. 2), a comparison of
automatic fare collection equipment ranging from simple token
equipment to sophisticated magnetic card systems was made.

Their approach was to group the various equipment by the number
of functions performed rather than by the sophistication of the
electronics, mechanics, or media. They found that, generally,
machines with the same number of functions also had similar
reliabilities. Applying the same criteria, the ticket machines
used by both Calgary and Edmonton have reliabilities and MIFs
similar to equipment with an equivalent number of functions.

xv/xvi
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1. _INTRODUCTION

An assessment of Self-Service Fare Collection (SSFC) equipment
was conducted for two light rail (LRT) systems in the Canadian
cities of Calgary and Edmonton in Alberta province for the U.S.
Department of Transportation, Urban Mass Transportation
Administration, Office of Technical Assistance. The work was
done under contract to the Transportation Systems Center, U.S.
Department of Transportation, Cambridge, MA. The data
collection, data analysis and presentation of results were done
according to the uniform procedures defined in TSC's Property
Evaluation Plan (PEP) (Ref. 1), which has been used to evaluate
several United States and European transit systems (Refs. 3, 4,
5). The SSFC concept has been successfully applied in Europe
and Canada, and is starting to be applied in the United States.
There is a need for transit systems considering the SSFC
approach to evaluate the experience and performance of existing
systems in cities that are comparable to U.S. cities, and to
then later use the same procedures to evaluate the performance
of their own SSFC equipment.

Data for the assessment were collected from system maintained
data, and from conversations with maintenance personnel during
visits to Calgary (November 15-17, 1982) and Edmonton (November
18-19, 1982). At both transit systems, the survey periods
chosen were based somewhat on completeness of the records, and
upon the ease with which data could be extracted in the short
time available during the visits. The periods chosen--April to
July 1982 for Calgary, and July to August 1982 for Edmonton--
fortunately contained periods of both normal and extremely high
ridership. The internationally known Calgary Stampede and
Edmonton's Klondike Days, both held during July, caused a more
than ten-fold increase in ridership.

The PEP procedures are presented and discussed briefly in
Section 2. The Calgary and Edomonton systems and equipment are
described and analyzed in Sections 3 and 4, respectively. The
Calgary and Edmonton SSFC equipment is compared to automatic
fare collection equipment of similar complexity at other transit
systems in Section 5. The appendices contain additional
detailed performance measures for each machine individually at
the component level.

1-1/1-2



E=EL.4

u IT

-III.I

ikl

v

--h- I N .

“.“_ m_ _”I..“.._M—
q.._ m__ 1__.._ _mr_ _M

-




2. DEFINITION AND DERIVATION OF PERFORMANCE MEASURES

Three categories of performance meéasures--reliability,
availabiliity, and maintainability--were defined for transit
systems in the report "Automatic Fare Collection Property
Evaluation Plan" (Ref.l). For convenience, these definitions
will be repeated and discussed briefly in this section. The
input data required to compute these measures are also defined,
and discussed, where necessary, relative to the Calgary and
Edmonton assessments.

Reliability is defined as the probability that a system and its
subsystems will successfully acomplish their functional tasks.
Three measures of reliability are used in this report:

R -- Reliability (probability of a successful
transaction)

MTF -- Mean Transactions Per Failure

MTBF -- Mean Time Between Failures

The formulas for these three measures are given in Table 2-1.
Mean time between failures (MTBF), as defined by the PEP and
computed at the station or the system level, is an average MTBF
for a particular station or the overall system. This average
MTBF is useful for general comparisons between stations and for
comparisons between the system being evaluated and other transit
systems. Table 2-1 also defines a second MTBF statistic (MTBF2)
that provides a measure of the frequency with which maintenance
actions are required at individual stations and within the
entire system. This latter MIBF indicates the relative
maintenance demands posed by each station.

Availability is the probability that a system and its subsystems
will be operating satisfactorily at any point in time. Three
measures of availability are calculated at the station and the
system level in this assessment and are defined in Table 2-1,
The first is availability as defined by the PEP. As in the
computation of MIBF, it is an average availability both at the
station level and at the system level. The second availability
measure indicates the probability that all machines at a given
station are functioning, and is also a performance measure
indicating the probability tht passengers will not experience a
delay due to a machine failure. The third availability measure
indicates the probability that at least one machine at any given
station is operational. This probability is particularly
critical in a self-service system since it indicates the
probability that a passenger can obtain the required proof-of-
payment.
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TABLE 2-1
FORMULAS FOR PERFORMANCE MEASURES

Reliability:

R = Total Transactions-Total Failures
Total Transactions
MTF ] 1
(1-R)
MTBF = Total Operating Time
Total Fallures

Station Level MIBF:

MTBF1 = Sum of Operating Time of Station Machines

(PEP Definition) Sum of Failures——All Machines

MIBF2 = Average Operating Time--All Machines

Sum of Failures—--All Machines
Availability:
A = Total Operating Time — Total Down Time
Total Operating Time

Station Level Availability:

Al = Summation of Operating Time - Total Down Time

(PEP Definition) Summation of Operating Time

A2 . Average Machine Operating Time - Total Down Time

(A1l Machines Average Machine Operating Time

Operational)
Minimum Availability = 1 - Il (1-Apachine 1)
(At least one Machine i
Operational)

Maintainabiity:

ADT = Total Down Time
Total Failures

MITR = Total Down Time (Hard Failures Only)
Total Hard Failures

2-2



Maintainability is defined as the time required to repair
failures. Two measures of maintainability are used in this
report:

ADT -- Average Down Time
MITR -~ Mean Time to Repair

The formulas for these measures are also given in Table 2-1.
ADT indicates the average time the equipment will be out of
service per failure for all failures (soft and hard). MITR
indicates the average only for hard failures. The distinetion
between ADT and MTTR hinges upon the distinction between soft
and hard failures and their associated down times which are
defined later.

Each of the six performance measure formulas in Table 2-1
depends upon one or more of the following sets of input data:

Total Transactions

Total Failures

Total Operational Time

Total Down Time

Total Hard Failures

Total Down Time (Hard failures Only)

The definitions for each of these six sets are presented in
Table 2-2.

One final statistic computed for each transit system is the
confidence interval for the reliability measure R. This
statistic provides a measure of the possible error contained in
the computed R relative to the true reliability. The confidence
interval also provides a measure of assurance that reliability
of a machine will, with 95 percent probability, fall within an
interval that is a function of the computed reliability, R, for
a given sample of data. This interval, known as a 95 percent
Conficence Interval is defined as:

R-1.96- | [RO1-R)  to  R+1.96+ | /RUI-R)
N N

R is the computed reliability defined earlier and N is the
number of transactions. A greater number of transactions will
yield a much tighter interval. That means that R is a much
better estimate of the true reliability.
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TABLE 2-2
DEFINITIONS OF INPUT DATA

Total Transactions

Defined separately for each system or subsystem. Some examples
are tickets dispensed, passengers counted or coins accepted.

Total Failures

Defined separately for each system or subsystem. Some examples
are the number of coin jams, number of fuses blown, number of
times machine could not dispense tickets.

Total Operational Time

Defined as the time when the system or subsystem should be in
use or available for use. For example, if a transit system
operates 20 hours per day then the operational time for the
system is 20 hours multiplied by the days in the survey period.

Total Down Time

Defined as the interval between the failure of equipment and the
return of that equipment to service. In this report down time
consists of response time plus on-site diagnosis and/or repair
time. During the survey periods for both transit systems,
sufficient spare parts were available to make on-site
replacement and off-site repair feasible. Thus off-site repair
time was not included in down time.

Total Hard Failure

Defined as failures that require repair work by a maintenance
technician as opposed to soft failures such as simple coin or
ticket jams that could be or are cleared by fare inspectors or
those who collect the cash boxes. (In CAlgary and Edmonton all
failures are corrected by maintenance technicians.)

Total Down Time (Hard Failures only)

Defined as the interval between the hard failure of eqipment and
the return of that equipment to service. (See Total Down Time
for comments on response time, on-site time and off-site time.)
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All of the data aggregation, computation, and most of the
generation of tables in this report was done with the help of the
VisiCale(™) software package running on an Apple II(TM)
Mierocomputer. The software allows the user to create the
equivalent of an accountant's spread sheet, and to see and
manipulate data within the sheet via a keyboard and CRT monitor
in real time. Rows and columns of data can be moved within a
sheet or from sheet to sheet.

In this report, spread sheets were first created that closely
matched the format of the data charts received from the transit
sysctems or from notes extracted from maintenance records. Data
were then entered directly to the equivalent spread sheet cells,
and later a printout of the spread sheet was compared to the
original data.

The ability to quickly enter and verify data in familiar
formats, to then reoerganize that data into formats more closely
associated to the desired performance measures, and to then
perform trial computations before final printouts greatly aided
the data analysis presented in Sections 3.3 and 4.3. The
VisiCale(TM package provided customized data manipulation and
analysis without having to write a customized computer program.
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CALGARY ASSESSMENT

3.1 Calgary Transit System

The city of Calgary in the Alberta province of Canada provides
mass transit service to its population of over 500,000 people
through its Transportation Department. The fleet of over 600
buses uses conventional fareboxes. The Light Rail Tranmsit
(IRT) system which has been in operation since May 25, 1981 was
designed for and exclusively uses a Self-Service Fare
Collection (SSFC) system. The SSFC equipment consists of
forty-three XAMAX BA2000 Ticket Vending/Validating machines
manufactured for Calgary by XAMAX AG of Zurich, Switzerland.
Major repairs and warranty work are done by the Canadian firm,
Automatec of Montreal. Automatec has also been responsible for
significant on—site work including a major adjustment of the
equipment in April of 1982. This adjustment was completed just
prior to the beginning of the equipment survey period used in
this report.

Calgary's IRT system consists of sixteen IRT stations along a
12.5 kilometer (7.8 miles) right—of-way that starts in the
southern suburbs and terminates at the end of a free fare zone
transit mall. The map in Figure 1 shows the location of the
stations as heavy bold blocks. The southern leg of the IRT is
an exclusive right-of-way partially underground with some gate-
protected grade-level crossings. East-west along 7th Avenue,
which is restricted to transit vehicles (buses, IRT and
maintenance), the LRT rumns at grade level, and drivers must
obey traffic signals controlling the flow of general cross
traffic.

Stations in the free fare zone along 7th Avenue are located on
separate sides of the street. The stations on the inbound
north side of the street do not have ticket machines. The
stations on the outbound south side do have machines. A total
of forty-one machines are distributed among the twelve stations
as indicated in Table 3-1.

Twenty ticket machines are located within enclosed heated
stations. The other twenty-one machines are located on open
platforms either fully exposed to the weather or partially
sheltered by a narrow roof approximately 3.5 meters (11.5 feet)
above platform level.

The ticket machines (see Figure 2) dispense single-ride,
time-limited, adult or children's tickets, and validate
multi-ride tickets purchased elsewhere. All LRT passengers are
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South
Leg
Stations

7th Ave
Free
Fare
Zone

DISTRIBUTION OF TICKET VENDOR/VALIDATOR MACHINES

TABLE 3-1

Station Direction Machine Numbers* Machine**
Location

ANDERSON either 1, 2, 3, 4 closed

SOUTHLAND either 5, 7, 6 closed

HERITAGE either 8, 9, 10 closed

CHINOOK either 11, 12, 34 closed

42nd AVE either 14, 13, open

ERLTON either 15, 16, 17 closed

STAMPEDE either 21, 18, 19, 20 closed

CITY HALL outbound 22, 23, 24, 25 open

1st ST E inbound none

CENTER ST outbound 29, 28, 27, 26 open

1st ST W inbound none

3rd ST W outbound 30, 31, 32, 33 open

4th ST W inbound none

6th ST W outbound 35, 36, 37, 38 open

7th ST W inbound none

8th ST W either 39, 40, 41 open

Spares 42, 43

*Machine numbers are referenced in the order of location within each

station or platform.

**Closed vs. open——to the weather
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required by law to have on their person proof that they have
paid for a ride on the LRT whenever they are in a 'proof-of-
payment' area. The "proof-of-payment"” areas are located both
at the platforms of those stations outside of the 7th Avenue
free fare zone (see Table 3-1), and inside the LRT vehicle when
the vehicle is outside of the free fare zone. Valid proofs—of-
payment may be the tickets dispensed or validated by the ticket
machines, bus transfers or a variety of transit passes.

The ticket machine consists of eight major components:

Electronic Chassis Subassembly

Coin Acceptor Subassembly

Ticket Dispenser Subassembly

Ticket Validator Subassembly

Front Door Subassembly

Battery and Charger Subassembly

Cash Box

Alarm and Communications Subassembly

The electronic chassis subassembly consists of eight printed
circuit boards (PCB) that contain a microprocessor, date/clock,
and interfacing circuitry that control the operation of the
other subassemblies. The coin acceptor subassembly accepts,
tests and counts Canadian five—cent, ten-cent, and twenty-five
cent coins. Coins are held in escrow until the correct amount
has been deposited. The ticket dispenser subassembly prints,
cuts and dispenses single-ride tickets from a continuous roll
of bank-check quality paper with a preprinted forgery resistant
background (see Figure 3). The ticket validator successively
chops a numbered chip (1-10) out of the upper left hand cormer
of a multi-ride ticket (see Figure 3), and prints the station
identification and time on the next available line. Each
multi-ride ticket is valid for ten rides. The front door
subassembly contains a four digit cash—entered display, adult
and child fare buttons, coin cancel button, coin insert slot,
multi-ride ticket validating slot, and a dish where rejected
coins are returned and single ride tickets are dispensed. The
battery and charger subassembly provides power backup, and
surge current to operate the validator. The battery contains
enough charge to maintain the digital clock for 48 hours or to
operate the machine for two hours. The alarm and
communications subsystem transmits an alarm signal when the
machine is malfunctioning, or when any compartment has been
opened. The compartment—open alarm is not functional now, but
will be in early 1983.
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3.2 Calgary Data Collection

Calgary maintenance personnel record failure data for each
machine chronologically as failures occur. These initial
records are handwritten on-site with a brief description of each
failure and its date of occurrence. Later, these handwritten
records are reviewed, the failures are categorized, and a chart
showing the number of failures per machine per failure category
over a particular survey period is produced. A reproduction of
this chart for the April 8, 1982 to July 26, 1982 survey period
is shown in Table 3-2. This four month survey period forms the
basis for the discussion of Calgary's experience with its
equipment in this section and the analysis presented in Section
3.3.

The first three columns of Table 3-2 list machine number, the
total transactions, and failures for each machine. The next 22
columns show a breakdown of the total failures by failure
category. The last column, MCBF or mean cycles between
failures, shows a reliability measure for each machine during
the survey period. The MBCF measure used by Calgary is computed
by dividing transactions by failures, and is equal to the mean
transactions between failures, MTF, measure described previously
in section 2. The second to last column shows the computed MCBF
for a prior (June 1981 to April 1982) survey period for each
machine. A breakdown of the data by failure type was not
available for this prior period.

The row labeled TOTALS near the bottom of the chart shows the
totals for transactions and failures, and shows the system wide
MCBF in the last column. The bottom row labeled "LESS ADMIN"
excludes certain failure types and produces a second and more
favorable system wide MCBF (the last entry in the last column of
Table 3-2). This MCBF reflects a more restricted view of what
Calgary considers a true machine failure. Specifically, four
columns of failures--PAPER LOW, CASH BOX, REPLACE RIBBON,
REPLACE COIN REJECT DISH--have been deducted from the failure
count.

Calgary believes that these columns contain failures caused by
administrative action or inaction, and do not reflect true
machine failures. The PAPER LOW columns reflect the failure to
check and replenish the ticket paper stock periodically.

3-7/3-8



LR "_.H
mﬂu ..___m:. ,"m ez iligh

i 1l H__.“m:wmuh. i
ko Sl Hisg

i .m_m_.wm"_.,., il “E
i i _.HH ,__"m_.u”__,u —._
m“:m_iw i w_

e
r._ _ il ._m.ﬂ..“”ﬂ E
* ._ _

bl lll elllllo ll I-IL|1| l

a n ..- o "a h
H-I|i

ma i



TABLE 3-2
RAW TRANSACTION AND FAILURE DATA

ES TRANS FAILS DATA ACCERPT ACCEFT REJECT FARE REJECT TICKET TICKET FAPER ZOIN FAPER  CASH SEIKD CANCEL CANCEL REFLACE REPLACE  EBROKEN REFLACE REFPLACE INPUT REPLACE MCEF MCBF

GATE GATE GATE BUTTON GATE IZSUE STUCE ADVANCE TESTER LOW EOX FRINTER JAMMEL TIME RIBBON BATTERY _ KEY COIN COIN BOARD TICKET JUN 81  AFR 82
JAMMED  JAMMED  CANNCOT CANNDT  P--CELL CEFECT FAIL FAIL DATE ACCERT REJECT FAIL DISP MAR 52  JUL S22
CLOSED OFEN OFEM CLOSE FAIL SYNC DOISH UNIT

1 74773 2z 5 i = 7 1 b F152 2561
2 44240 2z z = 1 i 3 e & bl 1 178 2102
3 40341 3 1 1 2 2 1 1 2503 =043
3 2434z 14 1 1 = 4 z bl 1 1020 1740
5 325004 & 1 b = 1 1697 ftaic?
& 27937 14 1 1 = & 1 = 1450 1994
7 34104 SR = 1 3 el 2 1524 4263
3 35384 w 1 e 1 el 1 2332 932
? 43054 11 2 ] z 1 2067 w14
0 21524 11 1 = 3 4 1 441 1957
1 50623 1% 1 1 2 2 7 1 1 ] 1 2804 S6&E4
2 57221 11 & b = 1 47z 5202
] 11040 22 o 2 = 2 3 1 1 = &84 502
4 23012 21 4 z z 1 1 1 ] 1 = 2 1 2071 1810
5 13999 11 4 1 1 = 1 1 1 LES 1727
& 12905 4 1 1 z ?11 222
7 11894 ] 1 1 1 1150 3IPLS
g 3182z ] 4 7 1 1 1217 z44%
9 47695 10 I 4 1 1 1 4051 4770
0  Z4L74 o = 4 2 24% IBSE
1 24492 < ] 2 = 2 £S5 2720
z 1174& 10 1 1 = 1 1 = 1 LET 1175
& R4460 b= 1 2 e 428 =l
4 10310 14 1 2 7 1 1 1 1245 736
5 27520 10 4 3 1 1 1 1723 2752
& 42521 20 1 1 o S z 1 1 1 2091 2127
7 22355 14 i 3 ) = 1 1 il 1342 1597
& 41974 23 c] I z = & = ki 1 2767 1525
? 54705 15 ! pe] 1 1 1 1 3 z 1 1 1 2014 3647

a0 3942z 1% = 1 | ] = 1 = 1 2281 203
1 33937 & e 1 1 i 29472 L4870
2 22334 7 1 1 1 i 1 1 1 1644 3171
3 44124 20 1 z 5 1 4 5 = 1647 2204
4 31709 15 1 & ] 4 be 1901 17462
5 29979 & 1 1 1 by 1 2657 49297
& =15c] = = 1 o 1 174 1080
7 12204 i & < = = 1 1412 247
€& 243¢7 z 2 2 4, 1 k| 1 1344 2031
9 44406 3 1 1 1 2 Ed z 1 1 1 2905 2414
0 1723& 11 1 z 1 1 1 z il 1 1 25467 1547
1 10052 7 1 1 1 1 b 1 755 1437

2

1266260 502 2 40 18 £ 4 5 10 59 2 3 1132 102 14 41 & A5 5 = 4 ] ] z 2522

S ADMIN 254 o 40 1 e 4 = 10 S = 3 14 41 3 = 4 = = =411
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The CASH BOX column covers a variety of problems such as

failure to insert an empty cash box during regular cash box
pickup, allowing the cash box to become full, or failure to

insert the empty cash box correctly. The REPLACE RIBBON column
reflects the fallure to replace printer ribbons on a preventative
maintenance schedule. The BROKEN KEY and REPLACE COIN REJECT DISH
columns apparently reflect mishandling by maintenance personnel.

Table 3-2 identified twenty-two failure categories and tabulated the
number of failures per category per machine. In Table 3-3, these

twenty—-two categories are associated with components of the machine,
and are then further defined as to type (hard or soft) and down time.

The eight major components of the machine are listed in the
COMPONENTS column. Parts within each component that can or have
failed are listed below each component. The ERROR CODE column
contains the code number of each failure that the machine is capable
of detecting itself. Each of the failures except Low Paper and
Cash-Box-Nearly-Full cause an "out—of-order" alarm to be communi-
cated by wire to a central monitoring facility where maintenance
personnel can be dispatched for repair. Low-Paper and Cash-Box-—
Nearly—--Full conditions communicate separate alarms to the central
station.

The FAILURE column gives a very brief indication of the problem or
action taken to solve it. A more complete description of the
machine detectable failures is listed below.

1. DATA ERROR: Electronic failure (accounting could be
affected).

2, COIN ACCEPTOR: Cash box "Acceptor gate” jammed--cannot
be opened.

3. COIN ACCEPTOR: Cash box "Acceptor gate" stays open—
cannot be closed.

4, COIN ACCEPTOR: Coin return "reject gate"” jammed-—cannot
be opened.

5. COIN ACCEPTOR: Coin return "reject gate" stays
open——cannot be closed.

6. Issued ticket from dispensing unit doesn't affect
photocell.

7. Issued ticket stuck——cutting device is not sharp enough.

8. Validator missing turns——time or date wrong.
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TABLE 3-3
COMPONENT FAILURES AND DOWN TIME

DIAGNOSE/
ERROR REPAIR DOWY REF. TO TABLE 3-2
COMPONENTS CODE FATLURE TYPE TIME TIME CCLUMN NUMBER
Electronic Chassis Subassembly L data SCFT 45 75 4
Printer Interface PCB
Input PCB replace HARD 45 75 24
Front Output PCB
Voltage Monitor PCB
Output PCB
Interface PCB
Processor PCB
Power Supply (13/24v) PCB
Coin Acceptor Subassembly replace HARD 15 45 22
Acceptor Gate
2 jammed SOFT 10 40 6
open
3 Jammed SOFT 10 40 5
closed
Reject Gate
4 cannot SOFT 10 40 7
open
5 cannot SOFT 10 40 9
close
Coin Tester 10 defect HARD 45 75 13
Ticket Dispenser Subassembly replace HARD 40 70 25
Printer 15 defect HARD 45 75 16
Guillotine 7 stuck HARD 15 45 11
Paper Advance Unit
6 photocell HARD 40 70 10
9 defect HARD 40 70 12
11 paper low SOFT 10 40 14
Ribbon Unit replace SOFT 10 40 19
Location Stamper
Di spenser PCB
Ticket Validator Subassembly Jjammed SOFT 15 45 17
Printer
Corner Cutter
Ribbon Unit
Location Stamper
Validator PCB 8 sync SOFT 10 40 18
Front Door Subassembly
Lock key HARD 20 50 21
broken
hlarm Switches
Fare Buttons and Switches broken HARD 15 45 8
Coin Return Door and Dish repair HARD 40 75 23
Battery and Charger Subassembly replace HARD 15 45 20
Battery
Charger PCB
Cash Box 12 missing
14 full SOFT 10 40 15
jamned
stuck

Alarm and Oomm. Subassembly
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9. Advance-paper microswitch defective.

10. Coin tester unit failed.

11. Low paper.

12, Cash box missing.

13. Cash box nearly full.

14, Cash box full machine goes out of order.
15. Seiko printer defective.

Error codes 14 and 13 indicating that the cash box is full or
nearly full are not yet operatiomnal. The Canadian distributor
of the XAMAX machines (Automatec Inc. of Montreal) has designed
a new alarm and communications PCB that will detect and send
codes 13 and 14, Calgary expects that code 13, "nearly full”,
will eliminate down time because of full cash boxes.

The TYPE column indicates whether a failure is hard or soft. A
failure is designated as hard repair only if on-site work
exceeds ten minutes or if off-site is needed. One exception is
the DATA failure where 45 minutes of on-site time has been
estimated for diagnosing the problem, while the corrective
action required is usually just the resetting of the machine.
This particular failure can often be caused by power surges or
electrical noise, or is sometimes indicative of impending hard
failures of the printed circuit boards (PCB).

The DIAGNOSE/ REPAIR TIME column indicates the estimated
on-site time to diagnose and/or repair each failure. Down time
(see DOWN TIME column) for each failure is computed simply by
adding an estimated average of 30 minutes of response time to
the on-site time.

When a component 1s replaced and repaired later in the
maintenance shop only the actual diagnosis and replacement time
on—-site is considered as part of down time. This choice was
valid during the survey period because the supply of spare
parts was sufficient to allow immediate replacement.

The last column of Table 3-3 provides a convenient

cross-reference to Table 3-2., The numbers in this column refer
to the columns in Table 3-2 that report the same failure.
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The transaction and failure data from Table 3-2 was combined
with the down time data and hard/soft typing from Table 3-3.

The data were then reorganized to group the machines by station
and the failures by component. The result of this combining and
reorganizing is shown in Table 3-4. The data are listed
vertically by station starting with the southern-most suburban
station at the top, and proceed downward in the order that
stations are encountered traveling into the downtown area.
Subtotals of transactions and failures are provided for each
station. Average down time for each category of failure is
shown in minutes in the row labeled DOWN. The row labeled CMPNT
identifies the component within the machine where the failure
occurred. The two-letter identifiers are associated with the
components as follows:

EC Electronic Chassis
CA Coin Acceptor

TD Ticket Dispenser

TV Ticket Validator

FD Front Door

BC Battery and Charger
CB Cash Box

The failure is identified as Hard or SOFT in the sixth row
labeled TYPE.

With the exception of operating time, Table 3-4 contains all of
the raw data necessary to generate the six sets of input data
required for performance measurements at the system, station,
machine and component levels. The calculation of these
statistics and the analysis and interpretation of their
significance is presented in the following section.

3.3 Calgary Data Analysis and Interpretation

The raw data extracted from maintenance records and estimates
obrtained from interviews were transformed first into the six
sets of input data defined in Section 2 and the six performance
measures were computed for the system, station, machine and
component levels.

3.3.1 System Performance Measures

The six sets of input data are:

Total Transactions
Total Failures

Total Operational Time
Total Down Time
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TABLE 3-4
REORGANIZED TRANSACTION AND FAILURE DATA

TRANS FAILE DATA INFUT ACCEPT ACCEPT REJECT REJECT COIN REPLACE SEIKO REFLACE 'REFLACE TICKET PAFPER TICKET FPAPER CANCEL CANCEL BROKEN FARE REFLACE REPI.ACE CASH

BOARD GATE BATE GATE GATE TESTER COIN FRINTER RIBBON TICKET ISSUE LOW STUCK ADVANCE JAMMED TIME KEY BUTTON COIN BATTERY BOX
FAIL JAMMED JAMMED CANNGT CANNOT FAIL ACCERT FAIL DISF P-CELL DEFECT DATE REJECT
CLOSED OPEN OFEN  CLOSE UNIT FAIL SYNC DISH
TYPE SOFT HARD SOFT SOFT SOFT SOFT HARD! HARD HARD! SOFT HARD HARL! SOFT HARL! HARD SOFT SOFT HARD HARD HARD HARD SOFT
DOWN 75 75 40 40 40 40 75 45 75 40 70 70 40 45 70 45 40 70 45 75 45 40
CMPNT EC EC cA cA cA CA cA cA 0 ™ TO TD D TD 0 ™v v FD FD FOl BC CB
LOCATION MACHINE
ANDERSON 1 74778 22 = 3 5 1 1 7
2 A&ZA0 2z z G 1 z 1 3 & 1 3
2 40341 2 1 i 1 z 1 2
4 2854% 14 1 = 3 b 1 I’y
SUBTOTAL 185722 té& Q o] 2 =1 1 [} 0 0 2 6 Q =2 13 1 0 10 1 Q 0 0 1 16
SOLTHLAN 5 35004 & 1 1 z =
7 34104 2 1 2 3 z
& 27937 14 1 1 o k] 1 &
SUBTOTAL 27045 8 = a 1 Q o 1 o 0 0 5 0 K] 2 a Q kK s} 0 0 o o =
HERITAGE & 35384 E 1 1 = = 1
% 43054 11 1 = 3 Z
10 21524 11 1 = 1 e 4
SURTOTAL EET 31 1 0 2 o a a 0 0 0 3 0 0 11 2 0 3 0 @ 0 0 0 7
CHINOOK 11 S062% 1% 1 1 1 el z 7 = 1 1
1z 57221 11 1 = & z
34 21709 1= 1 z Z & &
SUBTOTAL 139553 45 I} 1 2 0 1 o} a 1 0 7 0 2 16 & 0 1 o < (o] 0 0 7
A4ZND AVE 14 28012 21 4 bl ped 1 z 3 1 1 < 1 1
13 11060 22 2 1 poy ] e 1 3 2
SUBTOTAL 49072 4% 0 O 4 z O z 1 0 z k<] O 0 = ] 1 & 1 o o <} 1 3
ERLTON 15 15999 i1 4 1 2 1 1 1 1
i& 12705 4 1 1 2
17 1189¢ 3 1 1 1
SUBETOTAL 432800 1& o 0 4 ) 0 1 1 I 0 a Q 4 3 a 0 1 Q 4] 0 t 3
STAMPEDE 21 2848z @ ped = Z
1% 31823 1z 1 4 | 7
19 47475 10 1 Z 1 1 4
20 34674 o z 3 4
SUBTOTAL 138676 41 0 0 k 0 Q 0 0 0 o & o 0 1z ) ) 1 ) 1 0 [a} 1 17
CITY HAL 2z 11748 10 1 1 el 1 i 2 1
23 2460 5 bed 1 =
24 10310 14 1 1 1 3 1 7
25 27520 10 1 4 1 )
SUBTOTAL S2036 o 1 1 4 0 0 1 0 1 z z 1 0 5 5 a I 3 Q Q 0 Q s
CENTER 9 54705 15 1 1 bed 1 1 1 ) 1 1 1 2
2 41574 2% ] 1 ks 3 z 2 6
27 22395 14 1 1 1 = = 1 s
26 42531 Z0 1 1 1 1 5 = 1 =
SUBTOTAL 161565 72 bel 1 el 4 1 0 0 1 o & 0 3 1% 14 1 4 o O ) o 1 15
IRD ST W 30 @94z 1z z 1 L z pes k) 1 1
31 28929 & 1 ) 1 1
3T 233G 7 il 1 1 1 1 1 1
35 44126 20 1 bel 5 el 4 1 s
SUBTOTAL 1448325 44 bl ) z e 5 O I 1 el & a 1 11 = 0 k) Q Q 2 0 ) &
ATH ST W 3m 2yR79 A 1 1 = 1 1
34 26328 ] 3 1 3 1 -
37 12204 13 o & = 1 2
35 24367 iz 1 i 1 = 2 1 i 3
SUBTOTAL TS0 peciey 1 4] = W] Q 4] Q (4] 2 a o o e aQ = 1 O = O I 7
ZTH ST W 3% 444064 15 1 1 1 1 2 2 1 1 2
40 1723 11 i 1 1 1 1 bes 2 1
41 10058 7 1 1 1 1 2 1
SUBTOTAL 71702 c3 ! ] x] o] z (o] o] L 4] 2 2 1 2 & = Q 3 1 1 Q Q Q 3
TOTALS 12646260 =02 7 k] 40 ia ) = = 4 14 43 2 10 113 S& 2 41 8 2 4 i S 102
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Total Hard Failures
Total Down Time (Hard Failures Only)

The transaction and failure data are available directly from
Table 3-4. Since Calgary operates the LRT system 20 hours per
day, the total operational time of each machine for the 109 day
period is 2180 hours. The down times are computed from the
data in Table 3-4 by summing the down times for each category
of failure. The down time for each category is computed by
multiplying the down time per failure shown in the row labeled
DOWN, by the number of occurrences of that failure.

These six sets of input data are tabulated by machine in
Table 3-5. The right half of Table 3-5 contains the six
associated performance measures:

R = Reliability (probability of a successful
transaction)

MIF = Mean Transactions Per Failure

MTBF = Mean Time Between Failures

A = Availability

ADT = Average Down Time

MITR = Mean Time to Repair

This table contains a summary by station at the bottom, and
system wide data inputs and measures form the last row.

Table 3-6 summarizes the performance measures by component.
More detailed tabulations for each component are presented in
Appendix A.

The values shown for MIBF and availability at the station and
system levels in Tables 3-5 and 3-6 are the average values as
defined by the PEP. Table 3-7 compares these average values to
two of the three additional statistics defined in Section 2,
i.e. the overall MTBF indicating maintenance demands and the
full availability measure indicating the probability that all
machines at a glven station are functional. Table 3-7 does not
show the probability that one or more machines will be
operational at any time since for all stations this value is
greater than 0.999999.

3.3.2 Data Interpretation

That the probability of at least omne machine being operatiomnal
at any given station is very near unity indicates Calgary is
consistently able to provide its passengers with the means to
obtain the required proof-of-payment. Such extremely high
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TIME TOTAL

LOCATION MACHINE TRANZ (4RS) FAIL
ANDERGON 1 74775 21&0 pors
2 4Lz40 2180 2z

& 40341 2120 €
4 24343 2180 is
SOUTHLAND S 35004 2180 &
7 34104 2180 =
& 27937 21530 14
HER1TAGE = 35324 2180 o
k4 430854 2180 11

10 21524 2180 11
()
CHINOD 11 50423 2130 19
1z 57221 2180 11
3% 2170% 2180 is

4ZND AVE 14 8012 2180 Z1
L3 11060 2180 22

ERLTON 15 15999 2180 11
16 12505 =180 4
17 113%6 2180 x
ZTAMFEDE 21 28432 2130 kS
< 23 2180 1z

19 47675 2180 10
20 24LT7L 2180 4
CITY HALL 11742 2180 10
DRED z1eo =
= 10310 2120 14
2% 27520 2180 10
ZENTER 9 B4705 2180 13
P 41774 2120 2%

27 22385 2130 14
24 4253 2130 20
3RD ST W 30 %432 2130 1z
Sl [y 2180 &
2 22338 2130 7
3% 44124 21=0 20
ATH =T W [ 9979 2180 &
34 843 2130 T
37 12304 2130 i3
o) 243467 z150 12
STH ST W 39 44404 2120 ]
40 1723¢ 2130 11
41 10033 2180 7
SLUMMARY

ANDERZON 185722 2720 2
SOUTHLAND 7045 6540 28
HERITAGE FPPH2 6540 21
CHINOCK 139555 6540 <
42ND AVE 49072 4240 4%
ERLTON 43800 4340 1&
STAMFEDE 138676 272 41
CITY HALL S703% 8720 35
CENTER =T 151545 8720 72
SRIC ST W 144835 8720 4c
LTH ST W 75220 2720 39
3TH 57 W 71702 4540 )
SYSTEM 1264260 27380 S0z

TABLE 3-5
SYSTEM PERFORMANCE - CALGARY
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o [Ty
o 0.00

a .00
P

[} G000
0.75
.25
4.47
2,00

317

3.9

4
()
2 k7
1 0.75
1 75
i 0,75
K 4.%0
z 2.7%
E 267
i3 25
B 25
& 5033
[} 0.00
3 2.25
1z 10,35
17 16,147
S 4,2%
2 1.92
11 10,47
23 20,82
& 7.42
11 B.79
1z 12.17
110 100,47
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station availability supports the enforcement process since one
of the most common means of defrauding the self-service system--
the claim that no machine was working--is virtually eliminated.
The so-called full-availability measure indicates that the
probability of complete satisfaction, from the standpoint that
all machines are found to be functioning, is still decidely
good. The passenger finds all machines operational at any given
station more than 97 percent of the time. Average
availabilities reveal an even greater percentage and indicate a
satisfactory level of performance is almost always achieved.

The performance measures in Tables 3-5 and 3-6 seem to suggest
the following conclusions:

1. Reliability, in general, appears to improve with higher
machine utilization. At Anderson, for example, Machine 1
with approximately three times the number of transactions
of Machine U4 exhibits an MIF approximately double that of
Machine 4. Table 3-5 contains numerous instances where
apparently greater numbers of transactions result in higher
values for MIF, i.e., improved reliability.

2. Overall machine reliability is largely determined by the
reliability of the components associated with the
purchasing of tickets rather than ticket validation. As
indicatd in Table 3-6, approximately 49 percent of all
failures were due to ticket dispenser failures, 20 percent
to the cash box, and 16 percent to the coin acceptor.
Thus, approximately 75 percent of all failures occurred in
components directly related to ticket purchasing while
only10 percent of the failures were directly related to
ticket validation. Even though ticket purchases may exceed
ticket validations 75 percent to 25 percent, the data
indicate the greater reliability of the validator and
suggest increased marketing of multi-ride tickets.

3. Machines located in sheltered locations exhibit
significantly greater reliability than machines in open
locations exposed to the weather. Data in the station
summary section of Table 3-5 show consistently hgher MIF
for machines locatd in sheltered stations as opposed to
open platforms. Table 3-8 summarizes the reliability
measures for sheltered versus open machines and shows the
differences more clearly.
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TABLE 3-8
RELIABILITY 95% CONFIDENCE INTERVAL - CALGARY

RELIABILITY MTF
95% CONFIDENCE INTERVAL 957 CONFIDENCE INTERVAL
LOCATION  TRANS  FAILE LCW MEAN HIGH LOW MEAN HIGH
INSIDE ILOCATIONS
ANDERSON 185722 Lk +999555 . 799645 (999730 2250 2814 2707
SZOUTHLAN 27045 2% LPVVLOT VFITLL L 9IIELE 252 34LL 5504
HERITAGE 99962 E] LTSS L IIVLI0 L Y9VTIY 2385 3225 4574
CHINCGOK 139553 o] LYPIBST L IVPLSE L IIITSE SRk 2907 4054
ERLTON 43200 13 W OORINT L FPISEY L 9PITTY 1665 2633 4522
STAMFELE 13867¢& 41 .7R9614 | PYI704 L F9ITIS 2570 FIE 4674
TOTAL 704753 foic)e] CSTVVLES L FVPETL JPEITLE 3177 O SA56
OUTSIDE LOCATIONS
4ZND AVE 49072 43 L FPCERL2 (. 99PLZA |, RIFITL @79 1121 1627
CITY HAL  S7038 =7 JPOVIE2 L PIPIIIY L 99547 115z 1514 2204
CENTER & 141565 z LIYP45] | 9FVESE L PVREET 1823 2244 291
RO ST W 144835 44 LEYISYL LOPIEEZ L PIR774 244% 3147 44z
ATH 3T W 75290 =9 LTPTIELY LFIRAGD | 9YRLAS 1465 1951 2E1E
STH ST W 71702 31 LTS L POVSEE L PIFTZO0 1711 2313 ST
TOTAL Se1%0z 270 L99RALD . TFOSLY L DIVSTL 1858 2050 a1
EYSTEM 12646260 50z LIEIEET L 9PRL04 |, ITILIE 2557 pri3ioey 2764
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One must recognize, however, that each of these three possible
econclussions have been based on independent observations from

the data. Inter-dependencies within the data could combine to
make one or more of the conclusions invalid. For example,

higher reliability with higher machine utilization may not be the
result of any machine characteristic but due to a combination of
where the machine is located and how it is used. The three

major variables having the greatest impact on the conclusions
are:

a. sheltered versus open environment.

b, machine utilization--high versus low ticket
validation percentage of total transactions.

c. overall machine utilization--high versus low total
transactions.

Other variables such as higher incidences of vandalism at
certain stations could have an impact, but cannot be judged given
the level of detail of the data available,

Table 3-8 summarizes the analysis performed for machines in
sheltered versus open locations. Confidence intervals for each
station and each group are presented and the results indicate
that there is indeed a significant difference in performance
depending on the location of the machines.

Data providing a breakdown of total transactions into ticket
pruchasing transactions and ticket validation transactions was
not available for the survey period. Consequently, the second
conclusion, i.e., that machines with higher percentages of
ticket validations exhibit better overall performance, cannot be
investigated in detail. However, such data was available for a
three day period in October 1982 and it could be assumed that
similar percentages applied during the survey period. Table 3-9
compares the MIF of four machines having relatively high
percentages of ticket validations with three machines having
relatively low percentages. All seven machines are located on
open platforms. In general, the machines with higher validation
percentages exhibit higher reliability. While there does appear
to be general confirmation, the lack of data specific to the
survey period prevents a definite conclusion, and additional
data are required to validate this observation. If subsequent
analysis did verify this conclusion, it would indicate that
greater emphasis should be given to the promotion of multi-trip
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tieckets not only because it coincides with the general
philosophy of self-service, but because of inereased equipment
reliability.

The observation that equipment reliability may actually improve
with greater machine utilization is the most difficult to
confirm. The data in Table 3-5 suggest that this is the case,
and the breakdown provided in Table 3-9 indicates that this
would be true not only for the overall machine but within each
machine function as well, Insufficient data exists in the
Calgary case, however, and this conclusion cannot be confirmed.
This phenomena also arises in Edmonton (Section 4), and will be
discussed in more detail in that section since data inter-
dependencies are less prominent in the Edmonton equipment.
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TABLE 3-9
VALIDATION EFFECT ON SYSTEM PERFORMANCE

Machine Total Percent Total MTF MIF MTF
Number Transactions Validations Validations Overall Validator Ticket Vending

High Percentage of Validations

31 38,939 60 23,363 6,490 23,363 3,115
33 44,126 35 15,444 2,206 NA 1,434
35 29,979 34 10,193 4,997 NA 3,298
38 24,367 43 10,478 2,031 10,478 1,263
Total 137,411 59,5478
AVG . MTF 3,123 29,739 1,856

Low Percentage of Validations

14 38,012 10 3,801 1,810 1,267 1,901
13 11,060 6 664 503 166 578
25 27,520 2 550 2,752 NA 2,647
Total 76,592 5,015 -
AVG. MTF 1,445 716 1,556
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4,

EDMONTON ASSESSMENT

4,1 Edmonton Transit System

The city of Edmonton in the Alberta province of Canada
provides mass transit service to its propulation of over
500,000 people through its Edmonton Transit Department.
The fleet of 664 buses and 137 trolley buses uses
conventional fareboxes. The seventeen* car Light Rail
Transit (LRT) system, which has been in operation since
April 23,1978, now uses a Self-Service Fare Collection
(SSFC) system. The SSFC equipment consists of 40 ticket
vending machines manufactured for Edmonton by Duncan
Industries of Chicago, Illinois. Originally these machines
were part of a barrier and fare agent system that was
abandoned in 1980 in favor of the less expensive SSFC
system. Most machines still have a tripod turnstile.
However, these are now free-wheeling and are no longer
controlled by the deposit of the correct fare.

The forty ticket machines are located inside the six LRT
stations along a 9.4 kilometer (5.8 mile) right-of-way that
starts in the northwest Clareview subdivision and
terminates downtown at the Central Station on 101st Street
and Jasper Avenue. The map in Figure U4 shows the location
of the stations as heavy bold blocks. The two downtown
stations (Central and Churchill) are underground, and are
connected via an underground pedestrian walkway (Pedway) to
many of the major buildings along Jasper Avenue. The
remainder of the right-of-way is at grade level with a few
gate protected crossings for street traffic.

There are two types of machines. Thirty-four machines have
turnstiles and were part of the old barrier system. Six of
the machines (one per station) do not have turnstiles.

They were installed when the system was converted to SSFC
and are used to accommodate passengers in wheelchairs.

Most of these latter machines are away from the general
flow of passengers and consequently vend far fewer tickets
than the turnstile machines. The distribution of machines
by station, machine number and type is shown in Table 4-1,
Note that three of the stations have two separate entrances
with a group of machines assigned to each.

Both types of machines were assembled by Duncan Industries
using for the most part standard modules from their
Transentry Turnstile product line. There are six major
components in the machines for which data have been
collected. These components are listed below along with
the Duncan module name where applicable.

*Will expand to 37 LRT vehicles before the end of 1983.
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TABLE 4-1
DISTRIBUTION OF EDMONTON TICKET MACHINES

STATION MACHINE NUMBERS®
NO TURNSTILE WITH TURNSTILE

Central

West 1383 1398 1388 1412

East 1423 1402 1393 1417 1418
Churchill

South 1424 1405 1385 1410

North 1403 1419 1384
Stadium 1425 1395 1381 1396 1407 1386 1390
Coliseum

North 1422 1382 1887 1394 1401 1400 1391

South 1415 1413
Belvedere 1421 1404 1409
Clareview 1420 1406 1389 1397 1392

* R . . R I
Machine numbers are referenced in the order of their location within each
station.
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Component Duncan Module Name

Electronice Chassis Electronic Logie Chassis
Coin Mechanism Coin Mechanism
Ticket Dispenser Transfer Issue Machine
Cash Storage Subsystem

Escrow Unit Coin Escrow Unit

Cash Valult Securafare Unit
Electrical Subsystem

Heaters, Fans, Sensor, Environmental Control Unit

Controls

Power Supply

Lamps
Turnstile Head Mechanism

A drawing of the ticket machine with turnstile is shown in
Figure 5. The ticket dispenser and supply of ticket stock
are locatd at the far left end, i.e., after passing through
the turnstile. The non-turnstile machine can be visulized
by removing the center section from the machine in Figure 5
and placing the two ends side by side with the ticket
dispensing slot on the right facing in the same direction
as the coin escrow window. The coin mechanism is located
on top of the coin escrow/cash vault side of the machine.

The electronic chassis contains two printed circuit boards
(PCB) that interface with and control other components of
the machine. The coin mechanism accepts coins, tests coin
diameters optically, counts Canadian one-cent, five-cent,
ten-cent, twenty-five-cent, and fifty-cent coins, and can
accept a token should one be authorized in the future. The
ticket dispenser prints, cuts, and dispenses proof-of-
purchase receipts (POP tickets) from a fan-fold stack of
preprinted ticket stock (see Figure 6). The escrow unit
retains coins in a chamber which is visible to the
passenger through a plastic window until the correct amount
of coins (or more) have been deposited. The unit then
drops the coins into the cash vault.® There is no coin
return mechanism. The electrical subsystem maintains the
temperature and humidity within the machine, provides DC
power, and illuminates the display window. The turnstile
is now free-wheeling, and failure data are no longer
collected for it.

¥The actual drop takes place when the next passenger deposits
the correct fare, so the escrow window always contains coins.

Edmonton has recently covered the escrow window because some
passengers caught without a "proof-of-payment" receipt were

claiming that they had deposited their money but the machine did
not dispense a receipt, and they would try to convince the fare

inspector that the coins visible in the escrow window were
deposited by them.
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FIGURE 5
EDMONTON TICKET MACHINE (WITH TURNSTILE)
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4211-851 4211-897

Edmonton transit @ Edmonton transit

Selfservice Selfservice

proofof payment proof of payment
Nov 17 P 9: 1 Novig ag: 14

: S35 *
P @ #p PRINTED U.S.A. \
. PRINTED U S A § _4.6" .
Date: November 17, 1982 Date: November 18, 1982
Time: 9:17 P.M. Time: 8:14 A.M.

FIGURE 6

PROOF-OF-PAYMENT TICKET
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4.2 Edmonton Data Collection

Edmonton records transaction and failure data for each machine
chronologically as failures occur. These initial records are
handwritten with a brief description of each failure and its
date of occurrence. Each month these handwritten records are
reviewed, the failures are categorized, and a one-page report in
memorandum form is published that lists the totals for five
failure categories for all machines taken together.

The five categories reported by Edmonton are:

Electronic

Coin Mechanism

Printer (Ticket Dispenser)
Electrical

Miscellaneous

Outside of the handwritten records there is no breakdown of
failures by machine or station, so these records were reviewed,
and the failures were assigned to eleven categories that
distinguish between hard and soft failures and between failures
that required different amounts of time to diagnose and repair
(or replace). These eleven failures are listed in Table 4-~2
along with the components they affect and the down time
associated with each. Down time shown in the DOWN TIME column
is equal to an estimate average response time of 30 minutes plus
the time (in minutes) shown in the DIAGNOSE/REPAIR TIME column.
The KEY column contains a cross-reference indicator that will be
used with tables in the rest of this section to identify the
failure.

Maintenance records for the months of July, August and September
of 1982 were reviewed and the failures were categorized and
tabulated in Tables 4-3 to 4-6. Tables 4-3, UY-U, and 4-5
contain the failures for July, August, and September,
respectively. Table U4-6 contains failures for all three months
summed together. Data has been shown and processed for each
month separately because the number of transactions in July is
more than ten times greater than either August or September.
This dramatic increase occurs every July during Edmonton's
Klondike Days. The first two columns in these tables identify
the station and machine number. The remaining eleven columns
contain the number of failures per machine by category. The
heading for each of the failure columns indicates whether the
failure is hard or soft, the amount of associated down time in
minutes, and a key such as EC-S that associates the failure with
a particular component of the machine and with the failure
categories defined in Table 4-2.
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COMPONENT FAILURE AND DOWN TIME

COMPONENTS FAILURE

Electronic Chassis
Unexplained Error
(Diagnose & Reset)

PCB Failure

Coin Mechanism
Jammed (paper)

Ad justments required
or coins jammed
(no paper)

Parts replacement
required

Ticket Dispenser
Jammed

Parts replacement
required

Cash Storage
Coin escrow unit
or cash vault jammed

Electrical Subsystem
Replace heaters, fans,
sensors, or controls, and
power supply parts

Replace lamps

Miscellaneous

TYPE

SOFT

HARD

SOFT

HARD

HARD

SOFT

HARD

HARD

HARD

HARD

HARD

TABLE 4-2

4-8

DIAGNOSE/
REPAIR

TIME(Min)

10

30

10

20

10

10

30

10

30

10

30

DOWN TIME
(Minutes) KEY
40 EC-S
60 EC-H
40 CM-S
50 CM-H1
40 CM-H2
40 TD-S
60 TD-H
40 CS-H
60 ES~-H1
40 ES-H2
60 MS—-H



TABLE 4-3
JULY TRANSACTIONS AND FAILURES

JUuL 82 TYPE-> SOFT SOFT SOFT HARD HARD HARD HARD HARD HARD HARD HARD

DOWN-_- 40 40 40 40 50 40 60 40 60 40 40

STATION MACHINE CMPNT-> EC-S CM-S TD-S EC~-H CM-H1 CM-Hz TO~H C8-H ES-H1 ES-H2 MS-H
ANS

CENTRAL WEST 1383 133453
1398 133003
1288 47470 5
1412 57158 11

(SR
N
-
-
[N]

CENTRAL EAST 1402 95845
1393 38065
1417 56785
1418 109959
1423 5998

-4
-
0y

-1

CHURCHILL SOUTH 1405 36695
1385 57459 3
1410 9978% 1
1424 11061

[GNd Wi AT
=
-

CHURCHILL NORTH 1403 31722
1419 49974
1384 114977

anr
-
O

(3]

STADIUM 1395 76432
1381 S6317
1396 4038Q
1407 3997%
1386 22759
1390 48334
1425 4269

[A]

[ )
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COLISEUM NORTH 1382 49262
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COLISEUM SOUTH 1415 1355
1413 12679

BELVEDERE 1404 1&£841¢
140% 144103 1
1421 351527

R ]
[

AU U T S 8]
-
-

(8]

CLAREVIEW 1406 23428
138% 39857
1397 70482
1392 90103
1420 4292

[l I R
3]
-
-

SUMMARY

CENTRAL 679741 Q 13
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TABLE 4-4
AUGUST TRANSACTIONS AND FAILURES

AUG 82 TYPE-2> SOFT SOFT S0FT HARD HARD HARD HARD HARD HARL HARD HARD
DOWN-2 40 40 40 &0 S0 40 &0 40 &0 40 &0
STATION MACHINE CMPNT- EC-% CM-& TO-& EC-H CM-H1I CM-H2 TD-H Cz-H ES-H1 ES-HZz MS-H
TRANS
CENTRAL WEST 1383 12007 S 12 i 1 1
1398 10855 = 10 L 1
1388 4231 1 2 2
1412 3647 1 2 1 1 1
CENTRAL EAST 1402 &217 3 2 1 1
13923 2427 1 2 1
1417 4053 Z 2
1418 73%1 4 1
1423 414
CHURCHILL SOUTH 1403 2209 L
1385 3685 S 1
1410 &301 2
1424 220 1 1
CHURCHILL NORTH 1403 1988 2
1419 419G 1
1334 3014 & 1
STADIUM 1395 41835 2 4 1
13281 49320 1 2 1
1396 3788 1 2
1407 23499 1 1 1 2
1386 2297 2 2
1390 o221 2 2 1
1425 273 1 1
COLISEUM NORTH 1382 2677 1 3 1
1287 1447 3
1394 1130 2 = 1 1 1
1401 12035 S 1 1 1 1
1400 2415 2 2 1 1 1 i
1291 5521 2 = 1 1
1422 S10 i 1
COLISEUM SOUTH 1415 574
1413 567 2
BELLVEDERE 1404 13220 2 9 1
1409 10964 2 7 2 2
1421 3640 1 4 =) 1 1 1
CLAREVIEW 1404 1&12 1 1 1
1289 2019 2 =} 1 1
1297 6181 1 &
1392 52146 1 2 74 2 1 1
1420 137 1 & 1 1 1
SUMMARY
CENTRAL S1444 Q 14 40 Q S 1 1 4 Q 4 2
CHURCHILL 27415 ] 1 19 o] o ] (o] ] [¢] 2 1
STADIUM 242932 0 11 132 Q 1 2 0 1 ] 1 2
COLISEUM 1705& 4] 11 17 2 2 2 Q z 1 2 7
BELVEDERE 27846 1 2 21 1 2 2 1 1 Q 1 a
CLAREVIEW 1&745 z 7 15 2 S 1 4] 1 2 1 2
SYSTEM 164223 ) S2 125 =] 13 2 =4 @ @ 11 14
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TABLE 4-5
SEPTEMBER TRANSACTIONS AND FAILURES

SEP 82 TYPE-> SOFT SOFT SOFT HARD HARD HARD HARD HARD HARD HARD HARD
DOWN-> 490 40 40 &0 S0 40 &0 40 &0 40 60
STATION MACHINE CMPNT-> EC-5 CM-S TD-& EC-H CM-H1 CM-H2 TD-H CS-H ES-H1 ES-H2 MS-H
TRANS
CENTRAL WEST 1383 10945 & 12 1 2 1
1398 9246 4 14 1 1
1388 2931 1 1 3 1
1412 264 4 = 1
CENTRAL EAST 1402 5247 2 < 1 1 1 1 1
1393 1535 2 2 1
1417 3852 3 2
1412 6106 2 3 3 i 1 1
142% 317
CHURCHILL S0UTH 1405 19329 2 ] 1 1 1
1385 2986 1 7 1
1410 S797 1 5
1424 731 1
CHURCHILL NORTH 1403 1205
1419 26846 1 i
1284 7927 1 4
STADIUM 1395 5140 1 10 1 1
13¢1 3791 1 2 1
13%6 2755 1 2 1 2
1407 2474 e 3 z 1
1386 1548 2 1 2
1390 2803 4 2 2 1 1
1425 254 1
COLISEUM NORTH 1382 3640 z 1 1
1337 2013 1
1394 1724 3 2 1
1401 2658 3 4 1 1
1400 2589 3 4 2 1
1391 9759 1 4 z
1422 312 3 it
COLISEUM SOUTH 1415 &73 2
1413 563 1
BELVEDERE 1404 10850 3 2 2 1
1409 10439 1 & 2
1421 2611 2 4 7
CLAREVIEW 1406 1121 S 2
1z8v 2363 4 2 1
1297 4114 1 ? 2z 1 1
1392 6047 < =) 1 1
1420 109 S 2
SUMMARY
CENTRAL 43444 1 21 ] 3 2 3 1 1 o) 4 =
CHURCHILL 23903 ¢} & 21 o} 1 4] 1 0 1 2 ]
STADIUM 18747 e} 12 20 ¢} = 0 1 1 0 =] 2
COLISEUM 20436 1 15 13 g 1 2 O O 1 1 2
BELVEDERE 23200 2 2] 135 [¢] 2 2 o] 0 1 ] o]
CLAREVIEW 13774 1 24 1z 0 1] (] 0 1 1 2 [¢]
SYSTEM 144226 = 29 130 =] 4 8 2 e 4 23 8
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TABLE 4-6
JULY TO SEPTEMBER TRANSACTIONS AND FAILURES

JUL-SEP 1982 TYFE-> SOFT SOFT S0FT HARD HARL HARD HARD HARD HARD HARL! HARD
DOWN-Z- 40 40 40 40 S0 40 &0 40 &0 4Q &0
STATION MACHINE CMPNT-> EC-S CM-S TD-S EC-H CM-H1 CM-HZ2 TD-H C5-H ES-Hi ES-H2 M5-H
TRANS
CENTRAL WEST 1383 156408 14 45 1 ] 1 1 2
1398 153109 11 45 1 1 1 ] i
1388 Séb32 1 z 10 2 1 1
1412 642469 S 17 1 3 1
CENTRAL EASY 1402 107309 7 20 3 1 1 2 3 1
1392 42029 4 10 3 1 1
1417 64470 k4 5
1419 123456 4 16 2 1 1 2
1423 6731 1 1 1 1
CHURCHILL SOUTH 1405 40843 2 & 2 1 i 1
1385 64130 4 17 1
1410 112087 2z 13 1 1 1
1424 2294692 1 S 1
CHURCHILL NORTH 1403 35515 3 1 1
1419 S6858 2 2 1
1334 130930 ] 22 1 1
STADIUM 1395 87757 S 20 1 1 2
1331 65038 2 7 4 1
1396 44923 4 & 2 2
1407 45954 4 & 1 2 4
13846 264604 7 2 1 2
1390 54508 7 8 2 1 1 2
1425 4796 4 1 2 1
COLISEUM NORTH 1332 75585 2 12 3 2
1387 S740& 1 8 1 4
1394 61605 & 7 1 1 1 2 1
1401 79575 6 1z 2z 1 1 1 z 1
1400 67652 g 11 2 1 2 2 1
1291 139248 1 146 17 1 1 1 1 1
1422 25640 1 3 1 1 1
COLISEUM SOUTH 1415 2602 1 4
1413 13816 2 2 2
BELVEDERE 1404 192486 7 25 z 1 1 1 1
1409 1465508 1 g 22 4 2 1
1421 57308 3 12 12 1 1 1 2
CLAREVIEW 1406 26161 1 ? i1 3 1 1
1289 45239 ? 11 1 1 ]
1397 80777 1 14 17 1 1 2
1392 101984 1 14 1z 2 z 1 1
1420 43538 74 k] 3 1 1 1
SUMMARY
CENTRAL 774433 1 48 176 3 @ 7 2 S V] 19 &
CHURCHILL 670055 [¢] 17 68 o 3 1 k<] o 1 S 2
STADIUM 331580 o 33 56 Q S =1 2 2 ] 12 7
COLISEUM 523251 1 44 77 4 3 @ 1 =] 2 ? 4
BELVEDERE 415802 4 27 &8 1 4 4 2 1 1 2 @
CLAREVIEW 258701 <] 53 60 z ] 2 0 2 2 7 z
SYSTEM 2974022 9 222 503 10 el 29 10 15 7 54 20
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4,3 Edmonton Data Analysis and Interpretation

The reaw data extracted from maintenance records and estimates
obtained from interviews were transformed first into the six sets
of input data defined in Section 2 and the six performance
measures were computed for the system, station, machine, and
component levels. Three survey periods (July, August, and
September 1982) were used plus an aggregate of the three months.

4.,3.1 System Performance Measures

The six sets of input data are:

Total Transactions

Total Failures

Total Operational Time

Total Down Time

Total Hard Failures

Total Down Time (Hard Failures Only)

The transaction and failure data are available directly from
Tables U4-3 to U4-6. Since Edmonton operates its LRT system 20
hours per day, the total operational times for the three periods
are 20 times 31, and 30 days respectively. The down times are
computed from the data in Tables 4-3 to U4-6 by summing the down
times for each category of failure. The down time for each
category is computed by multiplying the down time per failure,
shown in the row labeled DOWN, by the number of occurrences of
the failure.

These six sets of input data are tabulated by machine for the
three survey periods (plus aggregate) in the left half of Tables
47 to 4-10. The right half contains the following six
associatd performance measures:

R = Reliability (probability of a successful
transaction)

MIF = Mean Transactions Per Failure

MTBF = Mean Time Between Failures

A = Availability

ADT = Average Down Time

MITR = Mean Time to Repair

Note that these tables contain a summary by station at the
bottom, and that system- wide data inputs and measures form the
last row.

A summary of input data and performance measures by component is
tabulated in Table U4=11 for the combined July to September
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TABLE 4-7
JULY PERFORMANCE - EDMONTON

JuL 8z HARD
oP DOWN DOWN
TIME TIME HARD TIME MTBF ADT MTTR
TRANS FAILS (HRS) (HRS) FAIL (HRS) R MTF  (HRS) A (HRS) (HR3)
CENTRAL WEST 1383 133453 29 620 19.3F 2z 1R WIRTE 450z 21.38 .946882 0.67 0.67
1398 133008 26 &20 17.50 3 2.17 .99980 51146 23.85 .97177 0.67 0.72
13898 49470 & 420 4.00 1 0.67 .79988 8245 103.32 .?9355 0.67 0.67
1412 S7158 11 620 7.33 o] 0.00 99981 5196 56.36 .98817 0.467 NA
CENTRAL EAST 1402 95845 20 620 13.50 2 1.50 .99979 4792 31.00 .97823 0.68 0.75
1393 38065 9 420 6.00 3 2.00 .9997& 4229 68.89 92032 0.6&7 0.67
1417 956785 4 620 2.67 1 0.67 99992 14196 155.00 .99570 0.467 0.6&7
1418 109959 11 &20 7.32 Q 0.00 .99990 9996 S56.36 93817 0.&7 NA
1423 5998 4 620 3.00 2z 1.67 99933 1499 155.00 .99514 0.75 0.83
CHURCHILL SOUTH 1405 36495 4 620 2.83 1 0,83 .9798% 2174 155.00 .99543 .71 o]
1385 S745% 10 620 7.00 2 1.67 99983 5746 62.00 .98871 0.70 0.83
1410 99789 Q 620 &£.50 2 2.50 .99991 11088 68.39 .969352 0.72 0.83
1424 110461 4 420 2.83 1 0.83 .997964 2765 155.00 .¥9543 0.71 0.83
CHURCHILL NORTH 1403 31722 3 &20 2.50 P4 1.83 .99991 10574 206.67 .99597 Q.33 0.92
1419 47974 2 620 1.32 1] 0.00 .PP9%¢& 24937 310.00 99785 0.67 NA
1384 114977 14 620 11.00 1 1.00 29986 7186 38.75 .938226 Q.4&% 1.00
STADIUM 1395 76432 4 620 6.00 1 0.67 .79988 §492 68.8% .77032 0.67 0.67
1381 S&317 & 620 4.00 3 2.00 .99789 386 103.33 . 79359 0.&7 0.&7
1396 40380 S 420 &.50 1 0.83 .9998C 5076 124.00 99435 0.70 0.83
1407 3997% k<] 620 2.33 1 1.00 99992 13324 206.67 994624 0.73 1.00
1386 2275% = 620 &6.00 1 0.&7 79960 252% 48.87 99032 Q.47 0.67
1390 48384 6 620 4,33 1 1.00 .99988 5064 103.33 .?9301 0.72 1.00
1425 4269 4 620 2.00 2 1.67 27704 10467 155.00 99516 0.75 0.83
COLISEUM NORTH 1382 69268 11 620 7.33 3 2.00 .99984 6297 56.346 98817 0.467 Q.67
1387 53948 10 420 6.67 1 0.467 .99781 5395 62.00 .98925 0.67 0.67
1394 Sg€751 S 620 3.350 z 1.50 .999%1 11750 124.00 ,99435 0.70 0.75
1401 75012 9 420 &6.33 2z 1.67 99786 8335 68.8% .98278 0.70 0.83
1400 42648 10 620 6.67 2 1.38 .99734 6265 62.00 98925 Q.67 Q.67
1391 128058 23 420 15.50 3 2.17 .99782 5568 26.96 975 0.67 0.72
1422 24038 1 &20 0.67 1 0,67 99996 240338 620,00 79992 0.67 0.67
COLISEUM SOUTH 1415 1355 ] 620 2.00 Q 0.00 .9977% 452 204,67 99677 0.67 NA
1413 12679 <] &20 2.00 1 Q.67 99976 4226 206,67 99677 Q.57 0.67
BELVEDERE 1404 1468416 18 620 12,67 2 2.00 .9998% 9356 24.44 97957 0.70 1.00
1409 144103 16 620 10,467 1 Q.67 79989 2006 328.75 .93280 Q.47 Q. &7
1421 51527 k<] 620 ?.32 z 2.00 .9997S 39464 47.46% 98495 0.72 1.00
CLAREVIEW 1404 23428 i6 620 11.00 = 2,33 .99932 1464 38.75 98226 Q. &9 Q.78
1389 29857 =] 620 5.3 z 1,33 99980 4982 77.50 .97140 0.467 Q.67
1397 70482 18 620 12,17 2 1.50 ,99974 3916 4,44 25038 Q.68 0.73
1392 90103 15 420 10.00 0 0.00 99783 4007 41,33 #8367 0.67 NA
1420 4292 2 &20 1.3% a Q.00 , 999353 2146 Z10.00 99755 0.467 NA
SUMMARY
IZENTRAL 679741 120 5580 20.47 14 10.00 . 79962 S&45  44.50 PS04 0.67 0.71
CHURCHILL 401477 43 4340 34.00 10 R.4&7 .F79BE 8348 ?0.42 Y9217 0.71 0.87
STADIUM 288520 4z 4340 29.17 10 7.83 .99985 &870 103,33 99328 0. &9 Q.78
COLISEUM 483737 73 §580 50.67 15 10.67 77985 6477  74.40 99092 Q.62 0.71
BELVEDERE S64056 a7 18460 32.67 k) 4,47 9787 7746 39.57 28244 0.70 0.93
CLAREVIEW 228162 = 2100 37.82 7 S.17 99974 867 S5Z.54 98715 0.68 0.74
SYSTEM 2447913 371 24300 267.00 41 47.00 99904 4261 42,43 78923 Q.82 0.77
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TABLE 4-8
AUGUST PERFORMANCE - EDMONTON

AUG 82 HARD
oP DOWN DOWN

TIME TIME HARD TIME MTBF ADT MTTR
TRANS FAILS (HRS) (HRS) FAIL (HRS) R MTF  (HRS) A  (HRS) (HRS)
CENTRAL WEST 1388 12007 1? 620 13.00 2 1.67 .99842 632 32.63 97903 0.68 0.83
1398 108355 17 620 11.33 2 1.38 .99843 639 36.47 .98172 0.&7 0.67
1388 4231 S &£20 3.67 2 1.67 .99882 846 1234.00 .99409 0.7z 0.8%
1412 3847 7% 620 5.17 2 2.50 %9818 550 88.57 .792167 0.74 0.83
CENTRAL EAST 1402 6217 8 &20 S.67 4 3.00 .99671 777 77.80 .9708& 0.71 0.75
1393 2429 S 620 3.33 1 0.467 .99794 484 124.00 99462 0.67 0.67
1417 4053 5 520 3.33 2z 1.33 .99877 811 124.00 .99462 0.67 0.67
1418 7321 S 620 3.67 1 1.00 .99932 1478 124.00 .99409 0.73 1.00
142z 416 0 620 0.00 o 0.00 1 NA NA 1 NA NA
CHURCHILL SOUTH 1405 2209 1 620 Q.67 1 0.67 .97955 2209 620.00 .925892 0.67 0.67
1385 3685 & 620 4.00 1 0.67 .99837 614 103.3% ,9?35% 0.67 0.67
1410 6501 2 620 1.33 Q Q.00 .9996% 3250 310.00 ,99785 0.67 NA
1424 820 2 620 1.3% o] 0.00 .797546 410 310.00 .%7785 0.67 NA
CHURCHILL NORTH 1403 1988 2 620 1.33 o] 0.00 .998%9 2?94 310.00 99785 0.67 NA
1417 4178 1 620 0.467 0 0.00 .99974 419& 620.00 .79872 Q.67 NA
1384 3014 4 620 &.33 1 1.00 .99888 890 48.39 .98978 0.70 1.00
STADIUM 1395 6185 7 620 4.83 1 0.83 .99887 884 8&.57 .99220 0.6% 0.8%
1381 4930 4 620 2.67 1 0.67 .99919 1232 155.00 99570 Q.67 0.67
1396 3788 3 620 2.00 0 0.00 .99221 1263 206.67 994677 0.67 NA
1407 3499 & 620 4.00 3 2.67 99857 700 124.00 .99355 Q.80 Q.39
1386 2297 S 620 3.33 [¢] 0.00 .99782 4592 124.00 .7?442 0.467 NA
1390 3321 S 620 .33 1 Q.67 99849 664 124,00 99462 Q.67 0.67
1425 273 2 620 1.33 1 0.67 99267 136 310.00 .99785 9.67 0.47
COLISEUM NORTH 1382 2677 S 620 3.33 1 0.67 .99813 535 124.00 79462 0.67 0.&7
1387 1447 k<] 620 3.00 el 3.00 99773 48z 20&.67 995146 1.00 1.00
1374 1130 =] 620 S.467 3 2.33 .79292 141 77.50 .9908& 0.71 0.78
1401 1205 9 620 6.83 4 3.50 .9952& 212 68.87 .7829& 0.746 0.8%
1400 2415 8 620 6.17 4 .50 .9296467 302 77.50 .99005 0.77 0.88
13791 S531 4 420 6.67 z 2.00 .99837 %15 68.8% 98925 0.74 1.00
1422 810 2 620 1.23 1 0.&67 .99753 405 310.00 .9R78T Q.87 0.67
COLISEUM SOUTH 1415 574 o &20 0.00 Q 0.00 1 NA NA 1 NA NA
1413 569 2 620 1.33 Q 0.00 .99649 284 310.00 .99733 0.67 NA
BELVEDERE 1404 13220 12 620 3.00 1 0.67 99909 1102 S1.467 .98710 0.67 Q.67
1409 10966 i3 620 ?.00 4 3.00 99381 €44 47.69 98543 0.49 Q.73
1421 3660 1z 620 9.33 3 2,67 99645 28z 47.46% 98470 0.72 0.89
CLAREVIEW 14046 1612 3 £20 2.50 2 1.83 .97814 587 206.467 99597 0.83 0.92
1358% 301% 10 620 &.83 z 1.50 .99649 302 &Z.00 93898 0.62 0.75
1397 6151 4 5620 2.67 [e] 0.00 .99935 1545 155.00 99570 0.67 NA
1392 S814 14 620 10.3% 4 .67 99759 415 44.2% .?553% 0.74 Q.72
1420 137 7 £20 S.82 & S5.17 .74891 20 88.57 .9705% 0.83 Q.26

SUMMARY
CENTRAL S1446 71 5580 49.17 17 13.17 .99842 725 78.5? .97119 0.42 Q.77
CHURCHILL 27415 23 4240 15.67 ] 2.33 79914 1192 188.70 .9%637 0.48 0.7¢
STADIUM 24293 31 4340 21.50 7 5.50 99872 784 140.00 .99505 Q.69 0.79
COLISEUM 1705& 44 5580 34.3% 18 15.67 .99730 371 121.30 .9938% 0.75 0.87
BELVEDERE 27846 38 1860 26.33 ] 6£.23 99844 733 48.95 .98584 0.&9 Q.79
CLAREVIEW 16765 38 3100 28.17 14 12.17 .9977% 441 £1.58 .990%1 0.74 0.87
SYSTEM 164823 247 24300 175.17 47 55.17 .99€50 667 100,40 99294 0.71 0.82
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TABLE 4-9
SEPTEMBER PERFORMANCE - EDMONTON

trp g2 HARD
OP  DOWN DOWN

TIME TIME HARD TIME MTBF ADT  MTTR
TRANS FAILS (HRS) (HR3) FAIL (HRS) R MTF  (HRS) A (HRS) (HRS)
CENTRAL WEST 1383 10948 22 800 14,83 4 2.82 .99799 498 27.27 .97528 0.67 0.71
1398 9246 20 500 13.67 Z  1.67 .99784 462 30.00 .97722 0.68 0.83
1388 2931 & 500 4,00 1 0.467 .99795 48% 100.00 .9933% 0.67 0.7
1412 3264 8 600 5.33 1 0.467 .99755 408 75.00 .99111 0.67 0.47
CENTRAL EAST 1402 5247 10 800  7.33 5  4.00 .9980% 525 60.00 .9877% 0.7% 0.80
1393 1535 5 600 3.33 1 0.67 .99674 307 120.00 .99444 0.67 0.67
1417 3852 s 500 .32 2 1.33 .79870 770 120.00 .99444 0.47  0.47
1418 6106 11 600  3.83 6 5.50 .99920 555 S54.55 .98528 0.80 0.92
1423 317 o 600  0.00 0 0.00 1 NA NA 1 NA NA
CHURCHILL SOUTH 1405 1939 2 500  6.17 3  2.88 .99587 242 75.00 .98972 0.77 0.94
1385 2986 ? 400  6.00 1 0.67 .996%% 332 66,67 .97 0.67 0.47
1410 5797 7 500  4.867 0  0.00 .99879 528 85.71 .99222 0.47 NA
1424 751 1 600  0.67 0  0.00 .99867 751 600.00 .99389  0.47 NA
CHURCHILL NORTH 1403 1805 0 600  0.00 0 0.00 1 NA NA 1 NA NA
1419 2686 2 600  1.3% 1 0.67 .79926 1343 300.00 .99778 0.67 0.67
1384 7939 5 600 2.33 0 0.00 .99937 1588 120,00 .99444  0.67 NA
STADIUM 1395 5140 13 500  9.00 2 1.67 .99747 395 46.15 .985 0.6% 0.83
1381 3791 4 500  2.67 1 0.67 .99894 248 150,00 .99556 0.67 0.67
1396 2755 & 800  4.17 3 2.17 .99782 45% 100.00 .99306 0.67 0.72
1407 2476 @ 500  6.33 3 2.53 .99637 275 66.67 .98944 0.70 0.78
1386 1548 5 £00 4,00 2 2,00 .994677 310 120.00 .59333 0.80 1.00
1390 2803 10 600  7.00 4 3.00 .99643 280 60.00 .98833 0.70 0.7S
1425 54 z 500  1.33 1 0.67 .9921% 127 300.00 .9977& 0.67 0.87
COLISEUM NORTH 1382 3640 4 600  2.&7 1 0.67 .99850 210 150.00 .99556 0.67 0.67
1387 2012 1 600 1.00 1 1.00 .99950 2012 &00.00 .9783% 1.00 1.00
1394 1724 & 500 4,00 1 0.67 .99652 287 100.00 .9$9333 0.67 0.67
1401 2658 e 800  &.50 Z  1.8% .996b1 295 46,67 .98917 0.72  0.92
1400 2589 10 500  7.3% 3 2.67 .99614 259 60,00 98778 0.72  0.8%
1391 5759 7 500 4,67 0 0.00 .%987€ 823 85.71 .99222  0.67 NA
1422 812 4 600  3.00 1 1.00 .99507 203 150.00 .995 0.75  1.00
COLISEUM SOUTH 1415 673 z 500 1.33 0 0.00 .9970% 336 300.00 .99776&  0.67 NA
1413 568 1 500  0.67 1 0.7 .99824 563 600,00 .99889 0.67 0.67
BELVEDERE 1404 10850 g &00  S5.87 3 Z.3% .9992¢& 1356 75.00 .99056 0.71 0.7%
1409 10439 2 600  £.33 2 1.67 79914 1160 46.567 .98944 0.70  0.33
1421 zat1 1z 500 8.&7 0 0.00 .9950Z 201 44.15 .9855¢6  0.47 NA
CLAREVIEW 1406 1121 7 600 4,67 0 Q.00 .9937¢& 160 S5.71 .99222 0.7 NA
1369 2363 7 &00 4,467 1 Q.67 99704 338 85.71 97222 0.&7 0.67
1397 4114 14 400 9.67 2 1.&7 29660 294 42.9& .78389 0,69 .83
1392 0467 10 600 & 67 2 1.33 .99835 607 &£0.00 73887 0.467 Q.47
1420 109 7 £00 4,567 Q 0.00 .23578 16 85.71 .99222 Q.67 NA

SUMMARY
CENTRAL 4344¢ 57 5400 60.67 22 17.3% .99800 499 £2.07 .98877 0.70 0.79
CHURCHILL 23903 3z 4200 22.17 S 4,17 .99888 747 121.25 99472 0.&9  0.83
STADIUM 18767 49 4200 34.50 16 12.50 .99739 3@3  95.71 .99179 0.70 0.75
COLISEUM 20434 44 5400 21.17 10 €.S0 .9973% 444 122,73 .9942% 0.71  0.85
BELVEDERE 23900 30 1800 20.47 5 4.00 .99874 797 60.00 .98852 0.&49  0.80
CLAREVIEW 13774 45 3000 30.3% 5 3.67 99672 3046 66.67 95939 0,47 0.7%
SYSTEM 14422¢ 287 24000 199.50 63 S0.17 .99801 503 83.62 .?9169 0.70  0.80
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TABLE 4-10

JULY TO SEPTEMBER PERFORMANCE - EDMONTON

HARD
aF DOWN DOWN
TIME TIME HARD TIME MTBF ADT MTTR
TRANS FAILS (HRS) (HRS) FAIL (HRS) MTF  (HRS) A  (HRS) (HRS)
CENTRAL WEST 1383 156408 70 1840 47.17 8 5.83 .97955 2234 26.29 .97437 0.467 0.73
1398 153109 &3 18340 42.50 7 5.17 99959 2430 29.21 .97690 0.67 0.74
1388 5632 17 1840 11.67 4 3.00 .99970 3331 108.24 79364 Q.69 0.75
1412 64269 26 1340 17.83 4 3.17 .99960 2472 70.77 .79031 0.8% 0.7%
CENTRAL EAST 1402 107309 3& 1840 26.50 11 8.50 .997465 2824 48.42 .93560 Q.70 0.77
1293 42029 19 1840 12.67 S 3.33 .99955 2212 96.84 .99312 Q.67 Q.87
1417 644690 14 1840 9.32 S 3.33 .99%978& 4621 131.4% 79493 0,67 0.67
1418 123456 27 1840 19.83 7 6.50 99778 4572 68.15 .98922 0.73 0.93
1423 6731 4 1840 3. 00 2 1.67 .99941 1483 460.00 99837 0.75 0.83
CHURCHILL SOUTH 1405 40843 13 1340 2.67 S 4.33 .79968 5142 141.54 .99475 0.74 0.87
1385 64130 25 1340 17.00 4 .00 99961 2565 73.60 .9907& 0.62 0.73
1410 112087 18 1840 12.50 3 2.50 .99984 6227 102.22 ,99321 0.69 Q.82
1424 2294692 7 1840 4.8% 1 0.33 .99997 32813 262.86 99737 0.6% 0.83
CHURCHILL NORTH 1403 35515 S5 1840 3.83 2 1.83 .99986 7103 348.00 .99792 0.77 Q.92
1417 56858 ) 1840 2.32 1 0.67 99991 11372 3465.00 .»9819 0.67 0.67
1384 130930 30 1840 20.67 z 2.00 .79977 4364 61.33 .78277 [Py 1.00
STADIUM 1395 87757 29 1840 19.8% 4 2.17 99967 3026 b63.45 .98922 0.68 0.79
1381 465038 14 1840 ?.33 = 3.33 .99978 4646 131.43 99493 0.67 Q.67
1396 4692 14 1340 9.67 4 2.00 .99970 3352 131.423 .9947S 0.6% 0.75
1407 45954 17 1340 12.67 74 6.00 29963 2703 109.24 99312 0.7% 0.86
1386 246604 1% 1840 13.3% 3 2.67 P2V 1300 946,84 99275 0.70 0.8%
1390 54508 21 1840 14.47 5 4.67 39961 25996 37.62 .99203 Q.70 N.78
1425 4774 = 1340 S.67 4 .00 ,¥9933 S?% 280.00 .99692 0.71 Q.73
COLISEUM NORTH 1382 75585 20 1840 13.33 S 2.232 .99974 377% 92,00 99275 0.4&7 Q.47
1387 5740% 14 1840 10.47 S 4.67 9974 4101 131.43 .99420 0.7¢ Q.93
1374 &£1605 19 1840 13.17 & 4.50 ,9996% 3282 96.84 79234 0. 6% Q.75
1401 79575 27 1840 19.67 ] 7.00 .99%66 2947 048.15 98931 0.72 Q.85
1400 67652 23 1840 20.17 2 7.50 .99959 24146 65.71 98904 0.72 .83
1371 13%34¢ 39 1840 26.83 S 4.17 999272 3573 47.1% .98542 0. 6% 0.83
1422 235660 7 1340 S.00 3 2.33 .99973 36L& 262.86 99728 0.71 0.78
COLISEUM SOUTH 141% 260z S 1840 .33 [e] 0,00 .77802 520 363.00 .9981% 0.&7 NA
141z 13816 & 1840 4.00 2 1.33 .99957 2303 306.467 29783 Q.67 0.67
BELVEDERE 1404 1924346 3 1840 24.3% & S5.00 99980 5065 4&8.42 .97856% 0.6% 0.8%
1409 165508 j<:] 1840 24.00 7 5.33 .99977 4335 48.42 98587 0.48 0.76
1421 57808 39 1240 27.33 S 4.67 97933 1482 47.18% .93514 0.70 0.93
CLAREVIEW 1406 26161 26 1840 13.17 9 4.17 .99201 1006 70.77 .99013 Q.70 0.83
1389 45237 25 1840 146.83 = 3.50 29945 1810 73,60 99035 0.67 0.70
1397 30777 36 1840 24.%0 4 3.17 .9RP5T 2244 S1.11 .9864€ Q.62 0.7%
1392 101984 o 1240 27.00 & T.00 .9PP62 2615 47.13 (98538 Q.4% 0.8
1420 4538 16 1840 11.83 &5 5.17 79647 284 115.00 99357 0.74 0.86
SUMMARY
CENTRAL 7744633 278 16560 190.50 53 40.50 .99%64 2786 59.57 .98850 0.&% 0.76
CHURCHILL 470055 103 12580 71.83 18 15.17 99985 6505 125.05 .79442 0.70 0.84
STADIUM 331580 122 128830 @e5.17 32 25.83 .79P63 2718 105.57 99337 0.70 Q.78
COLISEUM 523251 165 16560 114,17 43 34.83 .¥IVEER 2171 100.36 79297 0.70 0.1
BELVEDERE 415502 113 SR20  79.47 18 15.00 .?9972 3616 42,00 98557 DO 0.82
CLAREVIEW 258701 142 P200 F8.3% 26 21,00 99945 182z £4.7% 98931 0.6% 0.81
SYSTEM 2974022 P25 73600 &41.47 171 152,33 .?799&9 215 79.57 .9%1ze Q.62 0.30
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period. More detailed tabulations for each component by station
are presented in Appendix B. As in the case of Calgary, station
and system availability in Tables 4-3 to 4-11 are the average
values computed aceording to the PEP definition. Table 4-12
compares these averages to the other measures of MIBF and
avilability defined in Section 2. The probability of at least
one machine being available at any station is very close to
unity and, therefore, is not shown in Table 4-12.

4.,3.2 Data Interpretation

Like Calgary, Edmonton also achieves a very high station
availability. The prospect that a passenger can legitimately
claim he or she was unable to obtain a proof-of-payment because
all machines were down at a particular station is virtually
zero. Average availabilities are similar to those experienced
in Calgary although full availabilities are marginally lower.
The measure of overall system MIBF for Edmonton. of 1.99 hours
compared to 4.34 hours for Calgary indicates approximately
double the incidence of service calls at Edmonton. MITR values
at Edmonton and Calgary were 0.8 and 0.92 hours, respectively,
indicating somwwhat less complicatd repairs at Edmonton, as
expected because of the higher incidence of coin acceptor jams.

The main observations made after studying the performance
measures over the survey periods are that 1) reliability
improves with a greater number of transactions while
availability and maintainability become somewhat worse, and 2)
the ticket dispenser and coin mechanism are the least reliable
components.

The observation that reliability (R and MIF) improves with an
increase in tranactions was surprising, and at first the
validity of the raw data was questioned. Dave Pagett of
Edmonton vouched for the data, and indicated that he was aware
of the phenomenon and was wondering if the present analysis
would show the same results. A comparison of July with either
August or September shows that while transactions are around 16
times greater in July, the failures are only around 1.5 times
greater. A comparison of individual machines within a single
month shows, in general,that more transactions yield higher
reliability. The six machines without turnstiles (1420-1425)
have the smallest number of transactions at all stations because
they are out of the main passenger flow, and have some of the
worst MIFs.

There are three speculative explanations for this paradox.
First, coin mechanism jams are mainly caused by people
depositing small pieces of paper in the coin slot either in an
attempt to fool the coin tester,or simply to jam the machines
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so they can claim that they were not able to purchase a ticket.
The large number of tourists who swell the ranks of passengers
by 16-fold in July probably discourage the paper stuffers since
the machines are under more constant observaton. Second, the
greater volume of coins cause the coin mechanism to wear. They
will also keep lint moving, and keep body oils and dirt from
congealing, at least during the day. Third, similar comments
apply to the ticket dispenser in that once the transport
mechanism is moving tickets and the printer is printing, the
machine oils that lubricate these devices probably do a better
job. Further, the ticket stock itself may be in better
condition since the time spent in the loop between the stock and
the printer is less. Consider for a moment tickets sitting in
this loop over night absorbing night moisture. The foregoing is
of course pure speculation but in the future may help to
determine the best time of day to observe the machines for
failures and what to look for.

As might be expected availability (A) and maintainability(ADT
and MTTR) measures decrease with the increase in transactions.
The decrease, however, is not great, because all three of these
measures depend upon failure count and down time. Total
failures did not increase proportionately with transactions.
Down time, because of the way it was estimated with a large
fixed response time, does not vary greatly between failure
categories.

The performance measures for individual components in Table 4-11
show that the coin mechanism and ticket dispenser have
significantly lower MTFs than the other four components. The
highest reliability was shown by the cash storage component
(escrow unit and vault) as might be expected. The electronic
chassis also shows relatively good reliability, which is typical
of electronic systems after some period of attrition.

The measures for availability and maintainability must be
considered with some skepticism because they were estimated some
time after the survey periods. They nevertheless were computed
and presented to show the method used when actual down time data
might be recorded. Tables 4-13 and U4-14 tabulate the 95 percent
confidence intervals for R and MIF for each station and the
system for two survey periods--September and the combined July
to September period. As expected, the July to September period
with its greater number of transactions shows a much narrower
variation in the range of R and MIF than does September alone.
In either case the range is sufficiently narrow so that the
computations for R and MIF can be used confidently to make
comparisons.
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TABLE 4-13
SEPTEMBER RELIABLLITY 957 CONFIDENCE INTERVALS - EDMONTON

CONF INTVL SEP 52
LW HIGH LioW HIGH
STATION TRANE FAILS R~ R R MTF MTF MTF
CENTRAL 43448 87 997577 997998 (998418 413 499 432
CHURCHILL 28903 32 998198 292661 L 99R12T So5 747 11432
STADIUM 18767 49 JR9L65Y 97387 JFIBL1Y 297 jei=x] @32
COLISELIM 20436 44 LR97211 . ?37847 298482 259 464 659
BELVEDERE 23700 @0 978296 .F9B74S 999194 587 797 1240
CLAREVIEW 13774 45 995780 .IPL722 .997LBL 237 30& 432
SYSTEM 144226 287 L99773C 998010 998240 450 S0% 568

TABLE 4-14

JULY TO SEPTEMBER RELIABILITY 957 CONFIDENCE INTERVALS - EDMONTON

JUL-ZEP 1932
LOW HIGH LOW HIGH
FAILS R R R MTF MTF MTF
CENTRAL 774633 278 LIPFTFD JTVPERL LTFVLER 2492 2784 3158
CHURCHILL &70055 103 LR9RRLT7 L9P9R4L | IPUBTE S452 4505 2062
STADIUM I31S5E0 122 cIVFTET JPVIEIL LIFREST 2308 2715 =204
COLISEUM S23251 145 999637 L9996BT L FVITI2 2751 3171 3742
EELVEDERE 415802 115 FRTETR LIPITIT L FRVT74 3057 3614 4424
CLAREVIEW 258701 142 299341 .999451 299541 1565 1222 2180
SYSTEM 2974022 225 L99P6LT L DRVEIY L PVITOY 3021 3215 2437
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5, CONCLUSIONS AND RECOMMENDATIONS

The Calgary and the Edmonton machines are compared in
Seetion 5.1 with equipment of similar design and similap
functions. The assessment did not indicate any significant
difference between the self-service equipment used at these
Canadian systems and the more traditional fare collection
equipment. The assessment did indicate the need for
additional work in several key areas. These are discussed
in Secton 5.2.

5.1 Comparison With Other Equipment

In an earlier study by Deibel and Wood (Ref. 2), a
comparison of automatic fare collection equipment ranging
from simple token equipment to sophisticated magnetic card
systems was made. Their approach was to group the various
pieces of equipment by the number of functions performed
rather than by the sophistication of the electronics,
mechanics, or media. They found, in general, that machines
with the same number of functions also had similar
reliabilities. Applying the same criteria, the ticket
machines used by both Calgary and Edmonton have
reliabilities similar to equipment with an equivalent
number of functions.

The Calgary and Edmonton ticket machines are considered to
be five-function devices:

Calgary Ticket Edmonton Ticket
Machine Functions Machine Functions
Single Coin Acceptance Single Coin Acceptance
Additional Coin Acceptance Additional Coin Acceptance
Print Ticket Print Ticket
s Transport ticket
Dispense Ticket Dispense Ticket
Validate Ticket -

The criteria for distinguishing between functions is that
each function represents a separate failure mode. For
example, a single coin or token acceptor can fail to sense a
coin whereas a multiple coin unit can both fail to sense
coins and fail to correctly identify a coin's denomination.

Figure 7 shows the relationship of the Calgary MIF (system
average) of 2,522 and the Edmonton MIF (system average) of
3215 to equipment used by other transit systems. Both are
located slightly on the favorable side of the trend line, and
quite close to the Chicago Transit Authority (CTA) Type 2
Turnstile machines. The similarity between the Edmonton
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Legend:

N--New York City Transit Authority (NCYTA) Token-
Accepting Turmstile
E--European Cancelling Machines
TH--Port Authority Trans Hudson (PATH) Turnstile
M--Montreal Turnstile
WE--Washington (D.C.) Metro Entry Gate
PT--Port Authority Transit Corporation (PATCO) Gate
C2--Chicago Transit Authority (CTA) Type 2 Turnstile
PV--PATCO Ticket Vending Machine
Cl--CTA Type 1 Turnstile
WX--Washington (D.C.) Exit Gate
B3--Bay Area Rapid Transit (BART) Type 3
B4--BART Type &4 Gate
WV--Washington Metro Ticket Vending Machine
WA--Washington Metro Addfare Machine

FIGURE 7
COMPARISON TO OTHER AFC EQUIPMENT
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equipment and the CTA Type 2 Turnstile is not surprising since
both have similar designs and are supplied by the same
manufacturer, Duncan Industries.

5.2 Recommendations for Subsequent Evaluation

The Property Evaluation Plan (PEP) greatly facilitate the
planning and execution of this assessment of the two transit
systems as it provides the overall structure and definition of
the assessment. Nonetheless, it was fairly difficult to
accurately extract and to knowledgeably categorize the data from
the maintained records because they were not organized according
to the PEP procedures, which were unknown to them at the time.

A short handbook describing both the PEP procedures and methods
of recording the needed data would be useful. The recording
method should let the maintenance personnel categorize the
failure on-site, so that subsequent processing and analysis can
proceed without further interpretation or second-guessing.
Machine readable original records would be ideal, but even pre-
printed checkoff sheets that could easily be entered into a
data processing system without interpretation would be very
helpful,

Most important is the apparent need to examine one of the basic
assumptions of the PEP~--that failures are normally distributed.
The data from both Calgary and Edmonton suggest that failures do
not increase as rapidly as transactions, i.e., that the
assumption of a normal distribution may not be valid in all
cases. The phenomena exhibited in this assessment should be
studied more closely to determine if it indeed exists, and if
so, what impact it has on the PEP,

The availability statistics defined by the PEP also do not
provide sufficient information when used as measures of station
and system performance in self-service operations. The average
are satisfactory indicators of overall performance and are
excellent for comparison purposes, but additional measures of
availability are necessary to assess performance at the
extremes, i.e., the probability of all equipment being
operational and the probability that at least one machine is
operational. While averages judge general satisfactory
operation, the extremes for a self-service operation are
important measures of the likelihood of compliance with self-
service rules for proof-of-payment. High availability of all
machines at a station is necessary to minimize passenger
frustration that ultimately might lead to a rationalization for
fare evasion. High availability of at least one machine at a
station is imperative if the basis for the
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entire enforcement program is to be upheld. These two
availability measures should be part of all future assessments
of self-service operations. Neither availability measure is as
eritical for a conventional barrier fare collection system but
both do provide useful information and, if only on the basis of
uniformity, both should be included as part of any future
assessment and should be incorporated into the PEP.

Finally, additional data compatibility should be sought by
developing and promoting the type of commercially-available
software package used in this assessment. The reduction
analysis and presentation of the data was greatly aided by the
use of the VisiCale(TM) Software Package. This package or one
of its competitors is available for most personal and small
business computers and allows a non-programmer to manipulate
data and make many trial computations during anlaysis. A
logical extension of this software, and one that would have
aided greatly in the preparation of this report, would be a
package that could sort the spread sheets by any user supplied
field. This ability would have allowed a closer look at the
ranking of the various computed measures. It would have, for
example, facilitated the investigation of improved reliability
at higher transaction levels by allowing a sort on the basis of
transaction volume.
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TABLE A-1

ELECTRONIC CHASSIS PERFORMANCE -~ CALGARY

TOTAL
o= TOTAL TOTAL DOWN

TIME TOWN HARD TIMC MTBF
LOCATION MACHINC TRANG (HRS) TIME FAILS HARD R MTF (HRS)
ANDERSON i 7477¢ 2120 0.00 o) 0.00 1 NA NA
2 46240 2120 Q.00 a 0.00 1 NA NA
<] 40341 2180 0. 00 4] 0.0C 1 NA NA
4 243E3 2180 G.00 Q 2.00Q 1 NA NA
GOUTHLANLD S 25004 2120 1 1.5 0 0.00 999971 35004 2180.00
7 EE T 2180 it =1 0 0,00 299971 34104 2120,00
& 27937 2130 o] 0.00 Q 0.00 1 NA NA
HERITAGE 2 35204 2180 Q.00 Q G. 50 1 NA NA
K 42054 2180 0,00 (] 0.00 NA NA
o 213524 21e0 =1 Q 0,00 929?54 21524 2130,00
CHINCQQOK S0&2% 218 0.00 (o] 0.00 1 NA NA
7221 2150 1.25 1 1,25 392983 57221 2120,00
21707 2180 0.00 O 0.00 1 NA NA
42ND AVE @012 2150 Q.00 a Q.00 1 NA NA
110460 21E0 0, Qi 0 0.0 1 NA NA
ERLTON D999 2120 (] 0,00 1 NA NA
12205 2180 [« 0,00 1 NA NA
11526 Z1E0 o Q.00 1 NA NA
STAMPEDE O Q.00 1 NA NA
Q 0.00 1 NA NA
0 Q.00 1 NA NA
a 0,00 L NA NA
CITY HALL Q Q.00 277213 11745 Z2130.00
7460 2130 0 Q.00 1 NA NA
10310 2180 [d] 0,00 ] NA NA&
27520 2150 i 1,25 999204 27520 21:30.00
CENTER Z1E0 1 1.25 7999463 1070, 0¢
2180 [} Q.00 1 NA
2180 (] 0.00 1 NA
2120 (] D00 ST 42521 Z2120.00
2RD 2T W ) G.00 1 NA NA
Q 0,00 1 NA NA
< 0.00 JFH*I55 22TRE Z2150.00
] 0,00 2977 44126 2180.90

&TH ST W a5 218C o} 0.0G #RPLT

il 2180 0,00 L] .80 1

7 2130 0.00 8] 0.00 L

38 2130 Q.00 2) .00 i
8T GT W e 44408 .0.00 [a] 0.00 i1 NA NA
a0 17238 0,00 =) .00 L NA NA
41 1003& 0,00 [a] 0.00 1 NA NA

ANDERZON
SOUTHLAND
HERITAGE
CHINCCE

4ZND AVE
CRLTON

AMPEDL

&
STH ST W

SYZTEM

1266260

17.31 bz 37T L7099

105521

- 4360

. O

FRAG.3E

Q

AOT
(HRS)

N&

o

1.2%

NA

NA
NA

NA
NA
NA

NA
NA
NA
A

1,358
NA
NA

l.2%
1.41

N
1.5

NA
NA
1.5&
1,54

1.5
NA
NA
NA

NA
NA
NA




TABLE A-2
COIN ACCEPTOR PERFORMANCE - CALGARY

TOTAL
ar TOTAL TOTAL DOWN
TIME TOTAL DOWN HARD TIME MTEF ADT MTTR
LOCATION MACHINE TRANS (HR3) FAILS TIME FAILE MTF {HRS ) A (HRZ (HRZ)
ANDERSON 1 74778 2180 s ) 0.00 .79¥73Z 14956  426.00 993471 0,67 NA
) 46240 2180 & ) 02,00 399270 7707  3&6I.30 J998165 a. &7 NA
3 40241 2180 1 o .00 297775 40341 2180.00 799474 a.67 NA
4 ZA3L3 2130 z 2} 3,00 UIVLG 12181 1090.00 ,9%93EE a.87 NA
SOUTHLAND S 2180 [ 0 G.00 £ NA NA 1 NA NA
7 2120 a 0 L NA NA i NA N
3 2130 z o Loy IPaE 1090.00 . PP7ITE 0,467 NA
VIERITAGE ] 2130 1 0.467 a ISTS4 2180.00 L PRVEP4 Q.47 NA
7 2180 o 1] NA N 1 NA NA
10 2150 2 a 10762 1050.00 3 0,47 NA
CHINGOK 11 S5042T 2180 I 1.3% i 16874 T2E.ET JTIVTEEC 0,44 O.75
z 57221 zis80 [e) Q.00 Q NA NA L NA NA
4 31709 2130 1 D.67 <] Z1TCF 2[00 L PIVETY 0.67 NA
42ND AVE 14 3301z 2180 E 5. 33 1 424 2422 .997554 Q.57 1.25
12 11050 180 [¢] G, 00 o NA NA 1 NA NA
ERLTON 15 18%99 21 S Q 0,00 . FPITIT7 IB00 434,00 ,¥93471 0,67 NA
16 12905 2150 o s} 0, 00 1 N& NA 1 NA NA
17 11894 =130 1 2,390 1 L.25 999216 11396 2150.00 1 2,00 YoZS
STAMFEDC o1 24452 2150 3 2.00 o G161 7RAL6T JTIP0ER 0.&7 NA
13 31323 2150 o] .00 Q NA NA 1 NA NA
19 47695 2180 o] Q. oo o] NA NA 3 NA NA
20 344676 2150 o Q.00 0 NA NA 1 NA NA
ZITY HALL 1174 2180 ] 0., 00 [ NA NA
P4L0 2180 a .00 il NA NA
ped 1 X 2180 1 0.47 Q 0,7 NA
25 27520 pid Kol = 267 1 0.52 0,75
CENTER 54705 2180 4 ZLET ) 0. 00 .47 NA
41774 4 .00 1 0.75 .50 a.7%
27 yacci=isl 1 ). 67 g [s} S 21E0.00 .67 NA
a6 42551 1 L LT [ 2130.00 D47 NA
ZROD ST W 4 1 S45.00 290000 0.50 0,75
[«) ] NA 1 NA
] A NA 1 NA
7 fa) A304 11,42 (FF7RET NA
&TH ST W 1 0.67 o LYFIPLT 2PPTT Z150.00 NA
] 2.00 a T 726,57 NA
o 0.00 O A NA NA
2180 1 v ) f & 150,00 NA
aTH ST W 7 44404 z 1,33 <] 0.00 979955  ZZZ03 1090.00 Get? NA
40 17238 a} [ ] o D00 NA NA NA NA
41 1005& 21G0 = 1.2% 1 1.25 099702 IS8T 72¢6.47 .44 1.25
SLUMMARY
ANDERSON 4720 14 a 0. 00 SH22.36 067 WA
SOUTHLAND z 4] 0.00 2270,00 0.467 NA
ERITAGE el Q .00 2130, 00
CHINGOE, 4 1 0.75 1 1435, 00
4ZND AVE B 1 7
ERLTON [ 1 2]
STAMPEDE 138676 = a ]
CITY HALL S0 & 1 =3 FRAC SHFRLIE
CCNTER 5T 141565 10 1 S 16156 J29%312
RO S 144335 §720 11 1 4 12167 TIZ.TS PRI
&TH = =270 2720 = &) 24 15053 L744,00 999610
GTH ST W 7170z LS540 5 1 30 14340 130,00 FI95R0
L\ ZELZED 78 7 £.7S L TRTRID LTrRa70 a.ct R




TABLE A-3
TICKET DISPENSER PERFORMANCE - CALGARY

. TOTAL
oP TOTAL TOTAL DOWN

TIME TOTAL DOWN HARD TIME MTBF ADT MTTR
LOCATION MACHINE TRANS (HRS3) FAILS TIME FAILS HARD R MTF (HRS) ] (HRS) (HRS)
ANDERSON 1 74776 2180 v 5.0C 1 0,75 .9799580 o309 242.22 .997209 0.468 0.75
2 456240 2180 & 4,30 1 1.17 .999870 7707 363.33 .997936 0.7% 1.17
pc] 40341 2180 4 3.17 1 1.17 .999701 10085 S45.00 .993547 0.7% 1.17
a4 24363 2180 S 4.50 2z 2,50 .999795 4373 436.00 .997936 0.90 1.25
SOUTHLAND S 35004 2180 pe] 2.00 o 0,00 799914 11668  726.67 997083 0.67 NA
7 34104 2180 =] 2.338 (o] 0,00 ,999353 &321  436.00 998471 Q.47 NA
& 27937 2180 = .33 0o 0.00 .597821 5567 434.00 998471 0.&7 NA
HERITAGE =] 35384 2180 4 2.67 Q 0.00 .999887 8346 545.00 .998777 Q.67 NA
9 43054 2130 4 6.25 = 2.25 .?99771 4734 242.22 .99713% Q.67 0.75
10 21524 2180 4 2.67 Q 0,00 979514 5331 545.00 998777 Q.67 NA
CHINCQOK 11 S0625 2180 14 10.50 4 3.83 .999723 36146 155.71 .%9516% 0.75 0.%&
iz 57221 2130 a S.33 Q 0.00 ,9979860 7153 272.950 .997554 Q.67 NA
34 1709 2130 11 7.93 & 4.50 .7I9LE3 2883 198.15 .996407 0.71 0.75
42ZND AVE i 38012 2180 7 5.25 2 1.52 999814 S430 311.43 797592 0.75 Q.76
12 11040 2180 1z 106.50 10 8.50 .998825 §51 167.469 995183 0.81 0.39%
ERLTON 15 12999 2180 3 2.08 1 0.75 99934z 6333 726.57 999044 0.46% Q.75
14 12905 2180 z 1.42 1 0.7S5 .777€45 6452 1090.00 .997350 0.71 0.75
17 11876 2180 2 1.42 1 0.75 999832 948 1070.00 297350 Q.71 0.75
STAMPEDE 21 24462 2160 4 2.67 o 0.00 977837 £120  S45.00 998777 0.567 NA
18 31823 2120 =) 3.33 (] 0.00 .799843 &365 436,00 995471 Q.47 NA
19 474695 2180 4 2.67 o 0.00 979716 11724 54S5.00 993777 0.47 NA
z0 S8LT76 2120 S 3.33 Q 0.00 299354 &7I5 436,00 . FIB4T71 0.67 NA
CITY HALL 22 11748 2180 4 2.7%5 1 0.75 F9P660 937 545,00 .99873% 0.69 0.75
3 FBLO 2130 3 3.25 k] 3.25 999683 3152 726.47 298509 1.08 1.08
24 10310 2180 3 4.467 S 4,467 J9PIT1ID 2062 43¢.00 .99785% 0.93 0.93
25 27520 2180 4 2.67 0 Q.00 797855 6530 545.00 998777 Q.&7 NA
CENTER 29 54705 2180 & 4.5% z 1.9z 977390 9117 343,33 .PF7EPE 0.7& 0.9&
25 41974 2180 11 Z.00 = S5.00 999735 2816 192.48 995872 0.2 1.00
27 22355 2180 7 5.50 4 Z.50 997687 3194 S11.43 997477 0.79 0.8%
26 42531 2180 13 11.25% ? 7.25 997647 835 145.32 994837 0.7% 0.3
GRD ST W 20 9432 2180 7 J.82 2 2.50 .PTPEZZ S562%  3F11.4% (997324 0.82 1.25
21 2WPIT 2180 4 2,47 Q 0,00 .F97397 5735 S45.00 .9%8777 0.67 NA
@z 22338 2180 4 .25 2 1.92 999821 5534 S545.00 .29250% 0.51 Q.94
332 44126 2130 It 4.75 1 0.7% 795941 6304 311.43 .997521 0. 43 0.75
&TH ST W 35 29979 2180 2 1.33 0 0,00 ,PFFIIT 14969 1090.00 .7?¥3IFE 0.467 NA
el 24638 2120 4 Z2.67 Q . 99995387 2159 S45.00 9?8777 0.67 NA
37 123046 2180 e 5.83 & 297330 1535 272.50 977324 0.73 0.75
38 24367 2180 & &7 3 . 999754 40461  36T.3T LPPT7ER 0.79 Q.92
GTH ST W v 44406 2180 7 5.3 <] 2,47 997842 6344 311.43 797354 0.76 0.89
40 17232 2180 7 65.42 =] 5.08 999574 2463 311.42 (997057 0.22 i.02
41 10058 2180 4 3.32 z 2.00 99?4602 2514 SA45.00 792471 0.85 1.00

SUMMARY
ANDERSON 18572z a7z0 24 15.25 = 5.58 .9997871 7738 3&3.32 .997907 Q.74 1.12
SOUTHLAND 7045 6540 13 8.67 o 0,00 999366 7445 503.08 9984675 0.67 NA
[IERITAGE 29262 &540 17 11.58 K] 2,25 299230 5280 324.71 993229 0. L8 Q.73
CHINGOK 139553 &340 33 23.67 10 2.23 .9?Y744 4227 170.15 .996381° 0.72 0.83
42ND AVE 49072 4360 zZ0 15.75 iz 10.42 9993572 2454 218,00 (996332 0.72 0.
ERLTON 43200 &540 7 4,92 ] 2.25 .P79840 &257 934.27 9IV240 0.70 0.75
STAMPEDE 138676 g720 s 12.00 0 ©.00 799870 7704 4S54.44 (F9ELZ4 G. &7 NA
?ITY HALL 57038 8720 14 iz.32 ? G.867 JIVITZY 3690 S45.00 798471 0.62 0.%6
CENTER ST 1el1563 9720 o] 20,33 z0 17.67 999759 4143 223,57 .??6I21 0.7 Q.28
3RD ST W 144835 8720 22 14.50 =l 5.17 .79724% £58%  394.36 998108 D.7% 1.0%
&TH 5T W 75290 8720 20 14,58 ks 7.25 999734 2764 434.00 FYE3ZS 0.73 .51
STH ST W 71702 LSAG 18 15.0% 10 2.75 9?9749 IPET  G4Z.33 (997694 0.84 0.97
1286260 9380 247 184.47 56 77.33 .PY9905 5127 T61.86 .FFT7934 0.75 0.30




TABLE A-4
TICKET VALIDATOR PERFORMANCE - CALGARY

TOTAL
oF TOTAL TATAL DOWN

TIME TOTAL DOWN HARD TIME MTEF ADT MTTR
LOCATION MACHINE TRANS (HRG) FAILS TIME FAILS HARLD R MTF (HRE) 2] {HIRGY {HRE)
ANDERSON 1 7477 2180 1 0.7% [¢] 0,00 . 9PIPET7 - TIPS NA
2 462Q€ 2180 L 4.50 [v] 0 L FTET0 NA
3 4034 2180 1 0.7% Q 0 0 L 9PPITS NA
4 2180 3 2.17 a Q.00 (S99077 T2L 87 A
SOUTHLAND s 35004 2180 z 1.50 o Q.00 79742 17502 10%0.00 0.75 NA
7 34 04 2130 Q .00 0 Q.00 1 NA NA WA NA
o =) ziG0 i T.7S al 0,00 2990064 27937 Z180.00 D75 NA
HERITAGE a2 235324 2180 =) 2,25 a 0,00 799215 11795 724067 298960 .75 NA&
K] 42054 2180 [ 0.00 4] 0.00 i NA NA 1 NA NA
10 21524 2120 Q Q.00 0 0. 00 1 NA NA 1 NA NA
CHINOQK 11 S0LLZ 2180 1 [x) 0,00 799980 S06ZE 2180.00 999456 0,7% NA
1z 57221 2120 0 (] 0,00 i NA NA 1 NA NA
24 21709 2180 o Q 0.00 L NA N& i NA NA
42ND AVE 14 28012 2130 2 ] 0,00 299921 12671 726.47 NA
12 11060 2180 4 o 0.00 979L38 765 545.00 NA
ERLTON 15 1299% 2180 1 o] 0.00 397947 19799 Z2180.00 2939693 NA
16 12905 2120 4] 0 0.00 1 NA NA 1 NA NA
17 118%¢ 2180 0 0 0,00 1 NA NA 1 WA NA
STAMFEDE 21 24457 2120 o} 0.00 0 0,00 1 NA NA 1 NA NA
13 31923 2180 Q 0.00 (2] 0.00 1 NA NA 1 NA NA
19 474693 21&0 1 0.7% 4] 0.00 799977 47675 Z2180.00 L 9¥PEI4 075 NA
20 BLET L 2180 (5] Q.00 o 0.00 1 NA NA 1 NA NA
CITY HALL z2z 1174%& z1e0 4 2.75 Q C.00 L FVILLD 2937 545,00 ,79E873% Q.67 NA
prac F4L0 21280 2 =l Q 0.00 ,¥99739 4720 1090.00 799312 0.7% NA
z4 10310 2180 1 75 a 0.00 2990 10310 2150.00 .7/96JL 0.73 NA
ps) 27520 2150 0 0,00 Q 2.00 1 NA NA 1 NA NA
CENTER 29 S470S 2180 1 0.75 o} 0.00 239282 T470T 2120.00 . T 0.75 NA
et 41974 2180 b4 1.50 [} 03,00 999952 20927 1090.00 #9931E Q.75 NA
27 22355 2180 1 0.75 [e] 0.00 , %9755 22305 2180.00 ,P99LSL 0,73 NA
26 42531 2180 Q 0.00 a G.00 1 NA NA 1 NA NA
RO ST W 20 39452 2180 1 0.7% 0 0,00 799975 232 2180.00 779656 0.75 NA
21 =] 2180 L .75 Q Q.00 792974 27 212000 (F9PA6EL 0.75 NA
3z 2z3238 2180 1 0.75 Q 0,00 999795 38 2120.00 799656 0.75 NA
3z 44124 2120 Q G.ao [} Q. 00 1 NA NA 1 NA NA
ATH ST W et} 29979 2180 0 0.00 0 0.00 1 NA NA NA NA
36 2638 2150 [a] 0,00 b} Q.00 1 NA NA NA NA
37 123046 2120 i Z2.17 o} 0.00 FP9754 4102 T2L.67 0.72 NA&
32 24247 21e0 1 a. 7% L] Q.00 L FURRET 24367 2180.00 0.7 NA
&TH ST W =9 44406 2180 2 1.42 [} 0.00 22202 10%0.00 0.71 NA
40 17228 2120 = 1.30 ¢ 1,00 619 1030,00 . 0.75 NA
41 1005¢& 2180 0 0.00 « Q.00 NA NA NA NA

SUMMARY
ANDERSON 185722 3720 11 .17 [ Q.00 .7PVR41 1465584 792,75 NA
SOUTHLANT ITOAS 6540 3 Z2.25 o] 0.00 97IEY 32345 Z180.00 NA
HERITAGE 92 L340 3 2.25 a Q.00 7?9970 33321 Z180,00 L NA
CHINDOK 13955z 5540 1 0.75 6] 0.00 9777 129552 £540.00 .6 = NA
4ZND AVE 49072 4360 7 S5.17 0 0.00 ,¥FVES7 7G10 622,35 SPEILS NA
ERLTON 43200 4540 1 0.4&7 Q 0.00 999977 43200 4L540.00 ,77909E NA
STAMPELE 122674 2720 1 0.73 o 0.00 9999923 13BL7T S720.00 999714 NA
CITY HALL SP03E 8720 7 5.00 9] 0.00 779881 S4G4 1245.71 9799427 NA
CENTER =T 161565 8720 4 .00 Q 0.00 999975 40221 2120.00 NA
2RO 3T W 144837% @720 3 2.25 (] 0.00 999979 42275 2906.47 ?99742 NA
&4TH 5T W 75220 8720 4 2.92 Q 0.00 299947 13322 2180.00 992664 NA
STH 5T W 71702 56340 4 .92 o 0.00 999744 17925 1425,.00 , 299554 NA
12466240 7380 4% 26,08 ] 0.00 2299461 25242 1824.03% 779590 .74 NA




TABLE A-5

TOTAL
DOWN
TIME

TOTAL
HARD
FAILE

TOTAL
DOWN
TIME
HARD

DOOR SUBASSEMBLY PERFORMANCE - CALGARY

ADT
(HRS)

MTTR
(HRS)

aF

TIME TOTAL
LOCATION MACHINE TRANS (HRS}) FAILS
ANDERSON 1 74775 2180 0
2 46240 z180 1]
= 40341 2180 Q
4 24363 2180 1]
SOUTHLAND S 25004 z130 a
’ 24104 Z130 [
& 27937 2180 Le]
HERITAGE 2 E384 2180 ]
2 43054 2150 Q
10 21524 2130 a
CHINQOL 11 0623 2180 ]
= 57221 21380 [
= &170% 2180 4]
A42ZND AVE 14 jezlv) bed 2180 €
13 110460 2180 3
CRLTON 15 18999 2150 ]
1& 12903 2180 4]
i7 11896 ziaq L]
STAMFELE 21 28482 2180 (2]
12 21823 2180 0
1?2 474675 2180 1
20 284676 2120 0
CITY HALL 22 11742 2180 4]
3 244G 2180 a
24 10210 2180 [+]
25 27520 2130 a
CENTER 29 54703 2130 0
28 41974 2180 0
27 22355 2150 [}
2& 42531 2180 0
SRDN ST W S0 S9432 2180 1
31 32939 =150 ]
3z 22338 2180 1
33 44126 2180 Q
&TH ST W 35 29979 2180 1
236 2428 z180 1
27 12304 2150 0
35 24367 2120 4]
2TH ST W e 44406 2180 0
40 17238 2120 |
41 1005% 2180 0

GUMMARY
ANDERZ0ON 183722 872Q a
SOUTHLAND 77045 £540 0
HERITAGE P92 &540 ]
CHINCOK 139552 &540 [}
4ZND AVE 47072 4360 3
ERLTON 43500 6540 [}
STAMPEDE 138676 8720 1
S7038 2720 4]
161565 8720 o}
144835 8720 z
75290 2720 z
71702 &ETA0 1
12656260 ici=lv] i

0.00
Q.00
0.00
0. 00

0.00
0,00

0.00

Q.00
0.00
.00

0,00
Q.00
0.00

.00

E.7%

Q.00
0.00
0.00

€. 00
0.00
1.17
Q.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.7%
Q.00
0.75
Q.00

0.75
0.75
0.00
Q.00

0.00
1.17
0.00

0.00
0.00
Q.00
0,00
3.75
0.00
1.17
Q.00
0.00
1.50
1.350
1.17

.08

oo CcooQ

coC ©

00 WD 2C0O

TSRO0

O D [aXaRalla)

SO =

Q=D

B RMNDOR QWS 0 0

kY

0.00
0.00
Q.00
0,00

0.00
.00

0.00

0,00
0. 00
Q.00

0.00
.00
.00

Q.00
2.75

Q.00
0,00
Q.00

0.00
.00
1.17
0.00

0.00
Q.00
0.00
Q.00

0.00
0. 00
0. 00
Q.00

0.75
.00
Q.75
Q.00

0.75
0.75
0. 00
Q.00

0.00
1.17
Q.00

0.00
0.00
0.00
0.00
3.75
0.00
1.17
0.00
0.00
1.50
1.30
1.17

7,03

i
L9972V

. PPIVTY

e e

-

LFIFITT

I
- FPPVIT
1

PPRRET
. 793384
1
1

1
99242
1

1
1
1
1
L F7IOTT

1

]
1
1
- FPFE2L
-« 99V
- PPFIDL

- PRTIVG

NA NA
NA NA
NA NA
NA NA
NA NA
“A NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
687 T726.67
NA NA
NA NA
NA NA
NA NA
NA NA
4767 2120.00
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
743z 2180.00
NA NA
Z2E3E Z2130.00
NA NA

2997% 2140.00
S638 2120.00

72417 4360.00
I7464T 43240.00
71702 &540.00

1404624 273111

1
- PPE2E0

1
1
1

1
1
RIRALT
1

1
{3
1
i

(S

L PIVLSE

1
epda=1
1
PTPEDL
- PRRETL
1
1

1
S FOPALT
1

NA NA
NA NA
NA NA
17238 2120.00
NA NA
A NA 1
NA NA 1
NA NA 1
NA NA 1
16357 1453,33 997140
N NA 1
135675 2720.00 999566
NA NA
NA NA

e
L FOTEEE
S PVFEZZ

. P9VBP3

NA

NA
1.2

NA
NA
NA

NA
NA
1.17
NA

NA
NA
NA
NA

NA
NA
NA
NA

0. 75
NA
0.75
NA

0.73
0.75
NA
NA

NA
1.17
NA

NA

NA
NA

NA

A

NA
NA
NA

NA
NA
NA

NA
1.25

NA
NA
NA

NA
NA
1.17
NA

NA
NA

NA

NA
NA
NA
NA

0.7
NA
0.75
NA

0.75
0.73

NA
NA

1.17
NA

Q.73
1.17



TABLE A-6
BATTERY AND CHARGER PERFORMANCE - CALGARY

TOTAL
OF TOTAL TOTAL DOWN

TIME TOTAL DOWN HARD TIME MTREF ADT MTTR
LOCATION MACHINE TRANS (HRS) FAILS TIME FAILS HARLD R MTF (HRS) A (HR3)

. o e e e e e e 1 Y i A e rn i
ANDERZON 1 7477¢ 2180 [s] 0.00 2] 0.00 1 NA NA 1 NA NA
= 46240 2130 1 Q.75 1 DTS PRIV 4L240 2180,00 | 29UL56 n.75 0.75
2 40341 2160 0 Q.00 [e] Q.00 1 NA NA 1 NA NA
4 2434632 2180 [e] 0,00 0 .00 i NA NA 1 NA NA
SOUTHLAND ] 25004 2150 Q 0.00 0 Q.00 1 NA NA 1 NA NA
7 34104 2130 [e] Q.00 Q Q.00 H NA NA 1 NA NA
A 2120 ] 0.00 [ Q.00 ) NA NA 1 NA NA
HERITAGE = 2120 ) Q.00 Q 0,00 1 NA NA 1 NA A
@ 2120 [a] Q.00 Q 0,00 1 NA NA 1 NA NA
10 2180 Q Q.00 [x} 2.00 ! NA NA ! NA NA
CHINQOK 11 D062 2130 a a 0.00 i NA NA 1 NA NA
1z Q722 2180 a o .00 |} NA NA 1 NA NA
el 31709 2180 [a] o] 0.00 i NA NA 1 NA NA
A4ZND AVE 14 2130 H 0.7% 1 G.TFS SR9VRT74 0.75
13 4] 0.00 Q 0. 00 1 NA
ERLTON 15 1 2.75 1 DTS LTIVI47 0. 7%
1¢ o] 0.00 a Q.00 1 NA
17 Bl 2,00 o} Q.00 1 NA
STAMFELE 21 ) Q Q.00 NA NA
12 1 1 Q.75 .% D.75 0.73
19 0 [\ 0.00 NAa NA
o0 Q O .00 NA NA
CITY HALL [} Q.00 (9 a.0o0 1 NA NA 1 NA NA
O Q.00 a a, 00 1 NA NA 1 NA NA
Q 0,00 o 0,00 I NA NA 1 NA NA
a Q.00 a 0,00 1 NA NA 1 NA NA
CENTER ] .00 o 0.00 1 NA 1 NA NA
] a0 ¢ Q.00 1 NA 1 NA NA
0 0.00 (o] 0.00 1 NA 1 NA NA
1 0.7S 1 Q.75 999976 42531 . PFREEE 0.75 B.75
IRD ST W Z0 Q [ 0.00 1 NA NA 1 NA NA
31 o [a} a.0c 1 NA NA H NA NA
3z [¢] 4] Q.00 1 NA NA 1 NA NA
@3 o] 0,00 a Q4,00 1 NA NA i NA NA
&TH ST W 25 2180 4] Q.00 ] Q.00 1 NA NA 1 NA NA
o 2120 ] 0 a.00 1 NA NA 1 NA NA
= 2180 [a} a Q.00 1 NA NA 1 NA NA
130 0 a Q,00 1 NA NA 1 NA NA
S2TH 2T W 9 44408 2180 ] 0 Q.00 1 NA NA 1 NA NA
a0 172z0 2180 [n) Q 0.00 1 NA NA L A NA
41 10058 2180 [s] 0 0.00 1 NA NA 1 NA NA

SUMMARY

ANDERZON 185722 2720 1 0,75 1 0.75 185722 2720.00 47 0.7%
SOUTHLAND 2?7045 L340 4] .00 [} Ne& NA NA
HER1TAGE IR £540 [s) Q.00 ] NA NA NA
EHINOOEK, 129552 &540 v} 0.00 ] NA& NA NA
42ND AVE 49072 4360 i 0.7% 1 2 43260.00 DTS 3. 75
ERLTON 43200 LS540 1 0.7% 1 &TA0.00 o Q.73 0,75
ZTAMPEDE 138576 2720 1 0.73 1 D273 0.7%
CITY HALL S7022 3720 ) 0.00 o NA NA
CENTER =T 161565 2720 1 0.75 1 720,00 .79 [ RS
ZRD ST W 1443325 3720 (] 0.00 W) NA NA NA
75220 2720 a 0.00 0 NA HA NA
7170z 4540 (o} 0.00 o NA NA NA
12462460 T3S0 =1 .70 =] 2,75 999994 EZS2I4s 17876.00 o 0,75 - 0.75




TABLE A-7
CASH BOX PERFORMANCE - CALGARY

TATAL
[l 3 TOTAL TOTAL DOWN

TIME TOTAL DOWN HARLD TIME AT MTTR

LOCATION MACHINE TRANS (HRZ) FAILS TIME FAILSG HARD R MTF A (HRZ) {HRS)
ANDERZON 1 74775 21320 7 V] 0.00 277204 10682 0.67 NA
2 44240 g =] 0 0.00 ,P9PF35 15412 7 G 67 NA

3 403241 z Q 0.00 .?F9950 20170 1090.00 .67 NA

4 24342 4 Q 0.00 977836 £091 545,00 a.a7 NA

SOJTHLAND - 1 35004 o) Q 0.00 1 NA NA NA
7 34104 2 a 0.00 . 399741 17092 Q.67 NA

-3 27937 & 4] 0.00 .99P7E5 44658 0.&7 NA

HER1TAGE & 35584 2180 1 ] Q.00 IeFI72 2180,00 Q.67 NA
=/ 43054 2120 < 0 0,00 1090. 00 G.67 NA

10 21524 2180 4 [a] 0. 00 545. 00 Q.67 NA

CHINCGOK 1 30623 2180 1 0.67 (] Q.00 L9980 S0&Z% 21€0,00 0.67 NA
12 S722 >1e0 psd 1.33 [a] Q.00 LFPRRET 28610 1070 Q.47 NA

24 1707 2120 & 4.00 [e) 0,00 992211 5285 368 Q.87 NA

4ZND AVE 14 3012 21e0 1 (] 0,00 ,¥99%74 3801z 2150 Q.67 NA
12 110&0 2130 z 0 0.00 ,997ELY SSE0 1070, 00 0.&7 NA

ERLTON 1S 1a9v7 2180 1 8] Q.00 . LER97 Z120.0Q Q.47 NA
1& 12905 2180 z 8] 0.00 4452 1090, 00 0.467 NA

17 11894 2180 [} (] Q.00 NA NA NA NA

STAMFEDE 21 24432 z [s] 0.00 12241 Q.67 NA
1 F1a2z 7 [a) .00 4544 Qb7 NA

17 A47L95 4 o 0.00 11924 0. NA

20 4674 4 0 Q.00 2687 D7 NA

CITY HALL z 11742 1 Q Q.00 NA
feec] 460 Q o .00 NA

29 10310 7 o 0. 00 NA

25 27320 Qa ] 0,00 NA

CENTER 29 S4705 P4 o] 0,00 PY7PEZ NA
258 41974 & [a} 0.00 799257 NA

2 22355 =] Q 0.00 ¥PIT7L NA

26 2531 2 s} 0,00 LF99753 NA
ZRD ST W 2R432 o 0. 00 Q .00 NA
2WeRP 1 Q&7 Q Q.00 NA
22358 4] Q.00 o Q.00 NA
44124L 3 5 [x} Q.00 NA

&TH ST W 2180 1 [} 0.00 NA
2120 o [x] 0.00 NA

2180 2 Q G.00 NA

= 3 0 Q.00 . NA

ZTH ST W @9 2120 z Q 0.00 NA
40 2180 1 o] Q.00 NA
41 2130 0 Q Q.00 NA

SLIMMARY

ANDERZON 1 ] .00 545,00 0,47 NA
SOUTHLAND <} 0.00 217,50 0.67 NA
HERITAGE (%) Q.00 L a. 47 NA
CHTMOC Q Q.00 15504 .47 NA
42ZND AVE g 16357 Q.67 NA
ERLTON 14400 2 0.7 NA
1 I 2157 347 NA
(%] 7380 Q.47 NA
1 o 10771 « PTEES D.&7 NA
O 24137 «PHVT4L D47 NA
(4] 1Q7546 .47 NA
7170z ] Q.00 i G567 NA
1264260 10z Q 0,00 .3 12414 0.7 NA

A-9/A-10






APPENDIX B

EDMONTON DETAILED PERFORMANCE STATISTICS

B-1/B-2






TABLE B-1
ELECTRONIC CHASSIS PERFORMANCE - EDMONTON

HARD
(s LOWN DOWN
TIME HARD TIME MTBF anT
STATION TRANE (HRE) TALLE = MTF P A HRSD
CENTRAL 1.0
NA
NA
1,00
BELVEDERE 1.00
CLAREYIEW 1.00
SYSTEM 17 724000 14000 1G 0.2 1.00

TABLE B-2
COIN MECHANISM PERFORMANCE - EDMONTON

HARD
oF DO T
TIME TIME HARD TIME MTEF ADT MTTR
TRAN=  FATLL (HRS) (Hl ; MTE (HRE) A (HRED

CLAREVIEW

STEM SR7AGEE

1036% PESTINNE

TABLE B-3
TICKET DISPENSER PERFORMANCE — EDMONTON

HARD

aF NN N}

TiME TIME HARD TIME
STATION TRANT  FAILL (HRS: v FATL:
COoLIs 1
STADILM =
CHURTHTILL 5
BELVEDRERE =

CLAREVIEW i 0,00

ZYSTEM SP74022 FIE00 34T 10 10,00




TABLE B-4

CASH STORAGE SUBSYSTEM PERFORMANCE — EDMONTON

HARD
aF nawmN DICWN
TIME TIME HARD TIME MTEF ADT MTTR
STATION TRANES  FAILS  (HRS) (HRS) FAILS (HR3) R MTF  (HRZ) A (HRZ) {HRZ)
CENTRAL 778632 5 14540 = 312 L 99RR0
COLISELM SE i S 120800 = 2STE P97
STADIUM 31520 2 12880 2 6440 FIFI0
CHURCHILL AT70055 0 16560 [a} Q NA 1
EELVELERE 415802 1 SS20 1 0.67 1. 415800 S50 (PR Q.67 0.4&7
CLAREVIEW 253701 2 2200 ped 1.33 79999 12934% 44600 22934 Dade Q. s7
SYSTEM 2974022 15 72600 10.00 15 10.00 29999 198247 4907 .FPIBE Q.67 Q.67
TABLE B-5
ELECTRICAL SUBSYSTEM PERFORMANCE — EDMONTON
HARD
aF OOWN DIIWN
TIME TIME HARD TIME MTEF MTTR
SZTATION TRANZ FAIL:  (HRZ) (HRZ)  FAILS  (HRZ) R MTF  (HRZ) {HRZ)
CENTRAL 1?7 146560 12047 1% 1 & 40770 572
COLTSECM & 1Z2E80 2 2 B7Z02 =147
STADIUM FELSEC 12 12280 iz = < 1073z
ZHURCHILL A£T70035 11 11 &HOR1 4 1505
BELVETLERE : = e 1324500
CLAREVIEW 10 10 25570
SYSTEM L1 73600 &1 42754 1207 .2974% 0,70 0.70
TABLE B-6
MISCELLANEQOUS PERFORMANCE — EDMONTON
HARD
ap DWW DN
TIME  TIME  HARD  TIME MTEBF ADT  MTTR
STATION TRANZ  FAILZ (! {HRZ)  FAILZ (HRS3) Fe MTF R A {HRSH) {HRED
2 & L.00 1.00
K] K 1.00 1.00
7 1.00 1.00
CHURCHILL 1 1.00
BELVEDERE = 1.00
CLAREVIEW = 1.00
SYSTEM 2974022 20 736000 20,00 300 0000 9929 991Z4 1.00

300 copies




