) < [GNALING SYSTEM
.__:~les and alternatives f .
fhe PEIRE 2 j j O & signalin
were dlSCllssed _Hlllasli;tlosn Bt of the 'North Corr§d§ZS£Em for a IRt Syst
(NCAA) - The S36 e Lk described in that lternatjve Anate: e
ne Multi-Corridor Froject, wWith the following ex LePOrt also applies
Ceptions 0

(1), o tas Mlelti-Corridor Project does not
(non-exclusive right-of-way) operation, the Secl

are not applicable :

e '
tilude any mixed traffic
OOS referring to this

(2) wayside signals will be provided only

including track switches and turnbacks). 2 inteIlOCkings (areas

(3) Full two-direction signaling of both tra -
lected areas (Union Station to Northgate St;tggr? alnsd Eiiilzmin'did for se-
irkland Sta-

tion to Kf’i}burton Station) in order to expedite off-
rhese critical areas under full cab signal protectio normal operations in
n.

(4) Reverse movements will be allowed in all othe

signal basis in which not more than a single trainr fsrea? on a non-cab

adjacent- wayside signals. This less convenient o era?:.lowed' between

vital signal protection via the wayside signals at pth ion will 'have

and safety will depend on observance by operating pzrsl;fierllozlémfsj
S e

signal aspects.

| 2.2 Automatic Train Protection (ATP) System

(1). Automatic train protection (ATP) is recommended for all portio

using n?ulti-code continuous cab signaling and overspeed proiectiorrlw.s
Automatic train operation (ATO) is not recommended; trains will be con-:
trolled at all times by the train operators. The ATP system will en-

force safe speed limits down to 10 mph.

| R e — T —

1(:2) The* ATP' system will include properly designed and implemented coded
rack circuits, onboard receivers and decoders, onboard speed governors,

! and propulsion brake interfaces.

de fail-safe train occupancy

(3) The coded track circuits may also provi
or high-frequency

de : : .
l tectl?n or this may be provided by separate low-
track circuits.

! 2221 tThe t_l'aCk- circuits will be combined with AAR approved interlocking
‘ Switciafflc circuitry, speed control networks, wayside signals, approv§d
tute an_‘d l?ﬂck movements, and other neces s to constl-

a full ATP system meeting all AAR Signa

sary appurtenance
1] Section standards.

22 mph, 35 mph, and

| N
) Train speed limits of 10 mph (default speed),
d to provide sate

5%
Dh - [ ]

oﬂet‘w.are recommended in order to minimiZze headways é&ll
l rmoav Ll at-all Jlocations.




ntrol heavy rail track SWitches

ual-co _ dre
(4) rIi)Of ro the cranked-only light raij SWitchesg 1ncluded These are
supe - '
AC coded track circuit includes a phaca.
(é)trg:ke relay for occupancy detection Piaserselective decoder and
D

e Staticnj at

Generally, these can be located at the same

<ubstations are located. Non-interlocking s
diate count.

pPlaces where inter-
tations are included

(7) Interlocking rezlay 81'1d‘ ('Zircuit. requirements follow the practice
1sed by the San Francisco Municipal Railway.

(8) The system cables include a cable throughout for traffic locking

pufPOS&S.

L (9) Each interlocking location includes a local control panel.

Central Control includes an integrated system for train monitor-
central control of routes, train tracking, and platform sign con-
It also includes matrix type control console (or sensitive screen

cont;ol) and either a system display board or CRT displays.

(10)




1CATION SYSTEM

oMMUN

commund il
?;?:rldors of tgle ic}jgidseysi;n;. T}}e C-OmmunlcatiinsbesygquirEd for alj
subsystem i .Ia)te and mai tV01ce, Video, and dataem ‘Ncludes the
 cresSALY to oper et intain the system under NGt COmmunications
conditions The subsystems include: mal angd Cmergency
Radio
public Address
Telephone

Closed Circuit Television
Digital Transmission System
Cable Transmission System.

0 0.0 00 Q

4 block diggrai, Drawing No. COM-1, indicates the relationshi

the subsystems. Each of these subsystems is described on c:;ILS 1fIl‘S1 among
pages, as well as the role of the communications system in Cee to j%owmg
trol. Tncluded at the end of the section are tables that 2 ;“a Con-
subsystem requirements for each corridor. The equipment identifinz the
being proposed for use is similar to that used or proposed for 1iseand
transit systems in San Diego, Santa Clara, Orange County, and Sain
Francisco.

3.2 Radios

Four radio channels, operating on different frequency bands allocated
for land transportation radio service, will be used for voice communica-
tions for vehicle operations, maintenance, security, and emergency. The
four channels will be available for any or all of these functions, as

necessary.

Control of the radio for vehicle operations, yard and maintenance operar
tions, security, and emergencies will be monitored at Central Control.
Control consoles will provide access to a1l channels via redundant voice

channels in the cable transmission system.

In the subsurface segments of each corridor, inline amplifiers and/or
repeaters will energize a radiating antenna cable to provide continuous

signal transmission.

io units wired and

Vehicles will be equipped with vehicular two-way rad
on all

€quipped with frequency determining elements to allow OPeration
channels .

3.3 Public Address

Y <tations
n in strar
1 and 2

A 1.¢ |

wilflmbu.c address (PA) subsystem locatea at de51gnated passef}?z

te 1 consist of loudspeakers positioned throughout the S.Eab s
81C locations to ensure adequate coverdge. A control P
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4. SUBWAY VENTILATION

All long subway configurations will need to be ventilated
sections that include stations, :

tion to maintain reasonable 3

For subway
both emergency ventilation and ventila-

1r quality will be required. It was

Because the tunnels will be separate single-track tunnels, the vent
shafts should be located 100 to 150 feet into the tunnels from the ends
of the platforms so that air will be drawn specifically along the tunnel
in which the vent shafts are located. Each single bore at each station

will have a fan shaft dedicated to it, and there will be one fan shaft
on each side of each station.

For subway sections that do not include passenger stations, neither ven-
tilation nor temperature control will be required under normal condi-
tions, but ventilation will be required for emergency conditions. It 1is
assumed that the ventilation shafts will be provided for each separate
bore at approximately 1,500- to 2,500-foot spacing with at least two
fans in each shaft.




5. FARE COLLECTION

5.1 Introduction

This section describes the fare

| collectio :

the LRT system. 1 Il system that will b d

;h:tem fgnctional miileud'ed below are g3 functional descriptioi I;Sfe tltiﬂe1

tzble éefining 4 equisgrfzntaisurgptions, equipment descriptions, and a
. _ O De provided -

collection system is a self-service, barrier-Jf.:zee:;:t;irrldor' Gtk

5.2 Functional Description

each statio '
At n, either on the platform or in the concourse or mezzanine

areaﬁ, at least oge ticket vending machine and a change machine will be
provided. Depending on the station arrangement and '
volume at the station, more vend G 'pmJec:Ced TP
frie ok da ot fr :qj'_ll A Ors ?nd change machines will be added.
1spense tickets of varying value, depending
on th’e length or number of fare zones to be crossed (it is assumed
METRO s current 2zone fare system will be used but the machines will be
adaptable to other fare concepts). The machine will also include a
validator into which the user must insert his/her ticket.. The validator
imprints the date, time, and location codes on the ticket. METRO may
wish to sell multiple ticket packages at outlets not located at the sta-
tions. These tickets will also require validation prior to boarding the
train. Current METRO passes will not require validation as they have a
defined time validity associated with them. Bus-to-LRT and LRT-to-bus
transfers require policy determinations not yet made. For this study,
free transfers are assumed; the transferee will be required to have a
valid bus ticket or LRT ticket in his/her possession while on either

vehicle following the transfer.

Passengers on board LRT trains must have a valid ticket or pass in their
possession. METRO personnel 1in uniform will randomly inspect tickets
and passes on board trains throughout the day. It is assumed that

35-40% of the riders will be inspected daily.

Passengers without valid tickets will be cited. While a policy needs to
be established on the severity of the fine, the system used by the San

Diego Trolley system is one example:

O First time evaders are fined $20

G Second time evaders are fined $50

O Third time evaders are find $50, plus a mandatory court

appearance.

' i ' | Lon .
The citations are similar in form to a traffic citation

y functions are assumed to be included in

or and change machine will have an intru-
via the digital transmission system

Certain communication/securit
the system. Each ticket vend
sion alarm, which will be connected
back to Central Control.

In addition, it is assumed that each ticket




vending area will be within the surve i
cuit television camera whose picturesl
console in Central Control. Both of
included in the communications Ssystem.

l%ance Coverage of a closed cir-
will be monitored at the security
these communication systems are

Itdlljs‘jneas‘sszﬂ;elci tgleatbmoney collection from the ticket vendors and change
ma Yy @ contractor, such as Brink's or Loomis, who

Spemai;ifzctl; money collection. METRO may wish to establish a special
money on group, but for this study a contractor is assumed.

5.3 Functional Criteria

Certain performance requirements have been assumed in order to determine

the number of ticket vendors, change machines, and ticket inspectors.
They are as follows:

O Ticket vendors - One per platform, minimum; and two per loca-
tion at high-volume stations (e.g., two at each mezzanine for
subsurface stations and three per location at high-volune,
off-street, center platform stations).

o) Change machines - One per ticket vendor location. One change
machine is sufficient to serve up to three ticket vendors.

o Ticket inspection rates - It is assumed that each inspector
can check 120 tickets per hour. This presumes that checking
will be done on a per car basis; the inspector can check many
tickets in a short period then move to another car.

5.4 Equipment Description

The following is a description of the ticket vending machine proposed
for the LRT system. This specific machine 1s the one being used on the

San Diego Trolley System.

e ticket machine 1S shown in Figures 4 and 5. A

stainless steel exterior has provei to be durable and easy to clean. A
system map and ticket purchasing instructions are on the front panel of

each machine. ;A -passenger: must first press one of up to six buttons

indicating which ticket type is to be

The exterior of th

purchased.

the window at the top right of the machine
which must be deposited using exact
the display counts down, showing the

After the button 1is pressed, -
| will display the amount tO be paid,
change. As coins are deposited,
remaining amount owed .
I half dollars, and Susan
dollar bills. . The ticket i1s
the: machine: -  On. the leftisd
I multi-ride tickets.

P — s

The machines accept nickels, dimes, quarters,
B. Anthony dollar coins, but they do not accept
vended through the tray at the bottom of
de of the machine is a slot for validating




The machines are mounted op
. pedestals whi :
to the tick : which include t
ACCE‘ZS each re u;;ir?t mac‘hme and the cash box are ethrgi hmsseh a:z:é
the pedestal is opened by a third key a oor at the bottom of

d "o " ; nd provides access to the power
is being tampered with. ontrol if a machine

The ticket machine has 10 major components or "modules." These and

other features are shown in Figure 6 and 7 and described below

o Electroni : _
and "b]r:;('; %Fntral unit - Comprises the electronic controls
ins of .the machine. TFour printed circuit boards

control the fare dis -
play rinter |
collection: s. P , program storage, and data

O Needleprinting - Mechanically cuts and prints tickets with
type, date, time, and location codes.

0 Coin verifier - Identifies electrical, magnetic, and mechani-
cal characteristics of the coins so that pennies, slugs, and
foreign money are rejected.

O Foreign body rejector - Automatically seals coin slot and pro-
tects against bent coins.

O Power supply - Contains an AC to DC converter.
o Cash box - Coins, when accepted by the verifier, drop into the
base of the machine where the cash box 1s contained. (Cash

box is not shown in Figures 6 and 7).

Price display - Provides a four-digit LCD display of ticket
| price and balance due.

0O Service keyboard and display - Is an internal input/out unit
used to program +he electronic central unit and to display

error codes 1in case of machine failure.

T

| ® Burglar alarm - Sounds when door 1is opened improperly and sets

| off a "'silent alarm” to alert Central Control.

it - Is a completely separate mechani-
wer supply and electronic controls.
1 slice on an inserted multi-ride

and location costs.

cal unit with its own PO
The unit cuts a diagona
ticket and prints date, time,

l O Validator (canceller) un

except for the independent. validator unit, is
ctronic central unit. The central unit
coin intake, and money errors. These
box receipts and to estimate rider-

Each of the modules,
linked electronically tO the ele
routinely records {ransactlions,
statistics are used to verif
ship figures for each station.

|
|
]




The relec;r?flc Cenzral u-nit will also dttempt to self-diagnose any
mACHINe LA LRI ny failures that it is able to detect are displayed
~digit.eryor coda. PBrrove sve classi-

Administ ' -
1 ¥ rative errors are prob
such as no paper " St _ :
lems paper, cash box full," or coin jam," which require

action but are not defects in the ticket machine. Technical errors
usually are defects in the machinery such as "clock defective." coin
tipper does not open,  or "cutter blocked." The machine is not J:':'!.ble, to
correctly self-diagnose all of its problems. Many pfintér failures

reported as technical errors are problems such as "improperly fed paper"
which are not actually machine defects. Also, some errors cannot be

detected by the electronic central unit. Failures in the coin verifier

Validator problems are
never reported by the machine because it is a completely separate unit

without self-diagnosing capabilities.

5.5 Equipment Requirements

The equipment quantities for each corridor are indicated on Table 3,
Station Description.
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FIGURE 4
FRONT PANEL OF TICKET MACHINE




