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FXECUTIVE SUMMARY

The purpose of this work element is to enable the Metro Rail Project staff
to select preferred design alternatives for the communications system and
its major components. This report includes analvses of the alternatives
and recorimendations for vehicle radio service, telephone service, closed
circuit television (CCTV), and cable transmission service (CTS).

Originally, two other analyses were to be included: an analysis of
lease~v¥s.-buy telephone equipment, and an analysis of TV camera aperture
control vs. higher levels of illumination.

Analysis of the lease-vs.-buy alternative was discontinued after Pacific
Telephone representatives informed us that a recent court ruling precludes
any guarantee that the telephone company will be in the leasing business
when telephone services and equipment are being procured for the Metro
Rail System (see Appendix H). The evaluation of TV camera aperture
control was discontinued after a technology assessment showed that
moderately priced cameras meeting the video requirements with relatively
wide-range automatic aperture control have recently become available,
Thus, one camera design is soitable for all station requirements, without
the need for extra illumination (see Appendix G).

The methodology used in the analyses compares the total annuaal costs of
each alternative, including capital, maintenance, and operating costs.
Annualized capital costs were developed on the assumption that money can
be borrowed for 32 years at 127 annual interest. All costs are in 1982
dollars,

The results of these alternatives analyses are expected to advance the
design of the communications system toward a configuration that will
optimize economy, performance, and reliability, Table A and the paragraphs
below summarize the results of each alternative analysis.

PASSENGER _VEHICLE. RADIO SERVICE

The analysis of vehicle radios evaluates three alternatives: nonremovable
radio, removable nonoperable radio, and removable operable radio. For the
first two alternatives a portable radio is needed for each train so that
the operator can communicate while away from the train. The annual
equivalent cost ($74,153) of the removable operable radio is the lowest.
The additional handling risk during check-in and check—out and mounting
and dismounting from the vehicle raises concerns that need to be addressed
in detailed design. The removable nonoperable radio has the same risks
and has an annual equivalent cost of $90,327. The nonremovable radio, with
an annual equivalent cost of $100,350, is the most expensive of the 3
alternatives. The rémovable operable radio is recommended for the Metro



~
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Rail Svstem at this time. However, it is also recommended that the

current PATCO system, which is similar to the removable opérable tadio
analyzed in this chapter, be considered during final design.

TELEPHONE SERVICE

The telephone service covers administrative calling, maintenance calling,
and emergency calling. This analysis evaluates three alternatives:

three separate exchanges, two combined exchanges, and one combined
exchange. (Teléphones for emergency calls bv patrons are separate.) The
one combined exchange configuration has a 247 savings in annual equivalent
costs over three separate exchanges, and a 15% savings over the two
combined exchanges configuration. Thus, the one combined exchinge
configuration, with separate patron emergency phone instruments, is
recommended for the Metro Rail System.

CLOSED CIRCUIT TELEVISION (CCTV) MONITORS

The analysis of monitoring techniques evaluates three alternatives to
dedicated monitoring. (Dedicated monitoring was eliminated due to the
high cost of providing such a system.) Multiple camera sequencing,
split-screen projection, and split-screen sequencing are analyzed.
Although multiple camera sequencing is not the least expensive; it is only
5% more thap split-screen sequenicing and has a proven track record in the
rail rapid transit industry. It also has the lowest equipment cost of all
three alternatives and implements the fillest potential of a single TV
screen.

It is recommended that this alternative be implemented. However, during
detailed design certain cameras may be appropriately sequenced in
monitors, while other scenes may require continual surveillance. Thus, a
combination of multiple camera sequencing and dedicated monitoring might
be most effective. :



Table A

. L%
COST SUMMARY OF COMMUNICATION ANALYSES

VEHICLE RADIO SERVICE

Nonremovable Radio
Removable Nonoperable Radio
Removable Operable Radio

TELEPHONE SERVICE
Three Separate Exchanges
Two Combined Exchanges
One Combined Exchange

CCTV MONITORS

Multiple Camera Sequencing
Split-Screen Projection
Split-Screen Sequencing

100,350
90,327
74,153
166,400
140,900
962,907
| 1,503,435

*
. . Annual equivalent cost in 1982 dollars. .. .. . . . .. e



Chapter 1

INTRODUCTION

BACKGROUND

In WBS element 14CAC, Kaiser Engineers' contractual responsibility
was to develop engineering analyses, conclusions, and: recom-
mendations on the alternative characteristics of the communications
system where several options are available. KE was to analyze the
alternatives, reporting on the following:

0 The most cost-effective components

o Differences in performance characteristics and operating
experience

© Any problem areas for SCRTD application
It was recognized that some design options would have a major

impact on the Metro Rail System's and the communication system's
effectiveness, while others would have only minor impaet, or no

. impact at all. XE was to analyvze only those items that would have

a major impact on the communication system and/or the Metro Rail
System. '

KE prepared a list of candidate design alternmatives which was
influenced by the District-furnished list of Metro Rail Project
Alternatives, dated December 30, 1981. At a meeting om March 1,
1982 with the Metro Rail Project staff, the proposed list was
presented and discussed. At that time the following six items
were selected for analysis:

o Vehicle radios

o Telephone service configuration

0 Closed circuit television monitors

o Cable transmission system

o Controlled aperture cameras

o Lease or purchase of telephone system
The first four of these items became the framework for KE's work
effort in WBS 14CAC, and are discussed in Chapters 2 through 5 of

this report. The last two items are covered in Appendices G and
H.
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1.2

1.3

1.3.1

1.3.2

PURPOSE/OBJECTIVES

Kaiser Engineers' primary. task in WBS 14CAC was to develop
engineering analyses, conclusions, and recommendations on the
communication system alternatives in sufficient detail to enable
the District to make the most beneficial choice from among the
alternatives. '

The output of WBS 14CAC leads directly into later communication
work elements, and the development of information in this work
element will be used to establish the design criteria called for
by WBS 16CAC.

SCOPE

The following paragraphs summarize the general scope of the
alternative analyses covered in Chapters 2 through 5.

Passenger. Vehicle Radio Service Analysis

Alternatives studied:

0 Nonremovable veliicle radio with portable operator's radio

o Removable nonoperable radioc with portable operator's radio

o Removable operable radio

The analysis was based on a fleet size of 142 vheicles made into
71 dependent pairs. The functional requirements of the service
are to provide the train operator with continuous communication
with Central Control, communication capability when not onboard
the vehicle, and communication with yard control when entering or
leaving the yard.

Telephone Service Analysis

This analysis studied methods which could be used to provide the
three telephone functions: administrative calling, maintenance
calling, and emergency calling. The following alternatives were
studied:



1.3.3

1.3.4

1.4

o Three separate exclianges
o Two combined exchanges

o One combined exchange

Closed Circuit Television (CCTV) Monitor Analvsis

Alternatives to be studied:

o Multiple camera sequencing

o Split-screen projection

o Sequential split-screen projection
Initial screening of the alternatives determimed that the
"dedicated monitoring" alternative, which requires one TV monitor

for each camera, would be too expensive. o

Cable Transmission Service CTS) Analysis

This analysis will be submitted under separate cover in January
1983,

METHODOLOGY -

KE made aﬁianalysis of the alternatives under comsideratiom. The
following list was developed to define those areas which would
show critical differences between the alternatives:

o Capital Costs

o Operating Costs -

o Maintenance Costs

o Annual Equivalent Costs

o Technical Risk

o Availability
In some instances, other qualitative factors which showed major
differences between the alternatives were also included. The

methodology section of each chapter details the additiom or
deletion of any evaluation factor.



1.4.1
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1.4.3

1.4.4

Design Assumptions

Design assumptions for the purpose of this report were made by
Kaiser Engineers on the basis of the following:

o SCRTD'Metro Rail Project Architectural Standards for
Communication ’
o SCRTD Metro Rail Preliminary Operating Plan and Design

Criteria

The particular design assumptions used for each amalysis are
listed in each chapter.

Pertinent Literature

In order to obtain the latest information on commumication
systems, a literature search was made. Vendors were contacted and
applicable reports, papers, and equipment specifications obtained
and reviewed., Kaiser Engineers' reports on other transit systems
were reviewed for any data that would apply to the Metro Rail
System. For details, see Appendix A, Bibliography.

- Vendors, Users, and Associates

Interviews were also conducted with the following:

o Eqdipment manufacturers

o ?ersoﬁnél at existing rail rapid transit systems

0 Telephone company personnel

o Engineering associates in the rail rapid trangit field
For a complete listing of users, vendors, and associates, see
Appendix B, List of Sources.

Calculations

Cost comparisons were based on preliminary estimatesj these costs
will be further developed in later work elements. The cost
analyses include annualized capital cost, based on borrowing money
at 12% interest for 32 years at an annual payment schedule of
$123.28 per $1,000.00 borrowed.



Other cost values used in calculations were:

¢ Energy cost - $0.07/kWh
0 Operating labor rate = $18.00/hr

o Maintenance labor rate - $19.30/hr

For more details regarding calculations, see Appendix C,
Calculations,

1.4.5 Appendices
Backup data for the analyses is presented in Appendices D, E, and

F. Information on two analyses that were discontinued is included
in Appendices G and H.

1-5
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2.2.1

Chapter 2

?ASS’E‘NG}:R VEHICLE RADIO SERVICE ANALYSIS

INTRODUCTION

The purpose of this study is to determine the optimum configura-
tion for the passenger vehicle radio service equipment to be used
on the Metro Rail System. The functional requirements of the
service are to provide the train operator with the ability to
maintain contirntous comminications with Central Control on the
mainline during revenue operation and with vard conrtrol when
entering or leaving the vard and operating within the yard limits.
Additionally, the vehicle radio service will be required to
provide communications capability at any other location on or near
the train.

DESCRIPTION OF ALTERNATIVES

In all three alternatives the control head allows the cab speaker
and microphone to be used with the train PA and inter-
communications apparatus. Also, the train number can be set
manually by the train operator.

Nonremovable Radio (Altermative 1)

In this alternative all radio equipment is permanently installed
on each dependent pair of cars. Figure 2-1 shows the configura-
tion for a dependent pair. The train operator is issued a
portable radio unit to provide communications while away from the
cab. The following equipment is required:

o A-Car: Transmitter/receiver, quarter-wave antenna in-
stalled on top of the car, encoder, control head, power
supply, microphone, and speaker.

o B-Car: Control head, microphone, and speaker.

o Portable Equipmént:w One handhelthyﬁe radiomﬁér“train.
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2.2.2

2.2.3

2.3

Removable Nonoperable Radio (Alternative 2)

In this alternative, the transmitter/teceiver unit is removable.
All other radio equipment is permanently installed, as shown in
Figure 2-2, on each dependent pair of cars. As with the first
alternative, the train operator is issued a portable radio unit to
provide communication capability while away from the ¢db. The
following equipment is required:

0 A-Car: Quarter-wave antenna installed on top of the car,
encoder, control head, power supply, microphone, and
speaker.

o E-Car: Same as A-car except no power supplyv.

o Portable Equipment: One handheld-type radio per train and
one removable transmitter/receiver per train.

Removable Operable Radio (Alternative 3)

In this altermative, the radio transmitter/receiver is removable
and, since it is fully operable outside the train, it can be used
by the operator to provide communication while away from the cab.
The control head charges the battery in the removable radio unit
whenever it is installed in the operator's console: The following
equipment, as shown on Figure 2-3, is required:

o A-Car: Quarter-wave antenna installed on top of the car,
encoder, control head, battery charger, power supply,
60-watt linear amplifier, microphone, and speaker.

o B-Car: Same as A-car except no power supply.

o Portable Equipment: One hand-held type removable operable
radio per train.

APPLICATION HISTORY

. WMATA, BART, and MARTA use a nonremovable vehicle radio for train

operator communications and Baltimore and Miami plan to do the
same. Transit systems in Philadelphia, New York, and Chicago use
a removable nonoperable radio for train operator communications on
the train. CONRAIL and the San Diego trolley use a removable
operable radio service for train operator communication. PATCO
recently modified their existing fleet to have a removable
operable radio in each car of each dependent pair.

2-3
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2.4.

2.5

205-

1

1

METHODROLOGY

The basic quantitative and qualitative evaluation factors
discussed in Chapter 1, Section l.4, are used in this analysis.

Design Assumptions

For the purpose of this analysis, Kaiser Engineers made the
following assumptions:

o Alternatives 1 and 2 have 6-chapnel capac1ty with a rated
power output of 60 watts.

© The handheld radio has 6-channel capaicty with a rated power
output of 6 watts.

o The radio operates in the FCC allocated frequency range of
150 to 176 MHz.

o No coaxial antenna leads would be routed between the cars.
Therefore, an antenna must be installed on each car that has
a transmitter.

o Fleet size is 142 vehicles made into 71 dependent pairs.

o A maximum of 19 6-car trains (114 cars total) will be
operating during peak hours.

o The remainder of the fleet (28 cars) will be on standby or
undergoing maintenance.

o Annual Metro Rail operating time is 20 hours/day x 365 days
= 7,300 hours.

o Portdble transmitter/receivers and radios will be checked in
and out of a secured storeroom once each day.

o 25 portable units will be required to support a peak of 19
revenue trains.

o The operator inserts removable equipment in the cab area of
only the headend car of the train.

RESULTS

Capital Costs

The capital costs are systemwide. Three battery chargers (§360
each) are required for the portable units in Alternatives 1 and 2.
These chargers will charge the batteries in the portable units
while they are in the store room between assigmments to a train
operator. One charger is required for Alternative 3 to charge the

. 2-6
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ﬁortable units which are not assigned to train
operators. Those assigned to train operators are charged while
they are pldgged into the train units.
A. Fixed radio. Permanently installed radios will be required for
each married pair; a total of 71 units at $2,515 each or $178,565.
Also 25 portable units at $2,595 or a total of $64;875 are
required.
B. Removable nonoperable radio. A removable transmitter/receiver
will be réqiired for each operating train, 25 units at $2,136 each
or $53,400. One hundred forty-two of the permanently installed
section of the radio are required at $445 each or $63,190.
Also 25 portable units at $2,595 or a total of $64,875 are
required.
C. Removable operable radio. Removable operable radios will be
required for each operating train, 25 units at $2,595 each or
$64,875. One hundred forty-two of the permanently installed
section of the radio are required at $455 each or $63,190.
Table 2=l
*
CAPITAL COSTS
(1 (2) (3)
Equipment. Nonremovable Removab le Removable
Radio Nonoperable Operable
: Radio Radio
-~
Permanently installed _ , B
radio equipment . 178,565 63,190 63,190
Portable radio unit 64,875 64,875 64,875
PoftabléAnonOpéféble )
transmitter/receiver - 53,400
Battery charger (3 units
for complete system) 1,080 1,080 360
TOTAL CAPITAL COSTS $244,520 $182,545 $128,425
ANNUALIZED CAPITAL COSTS $ 30,144 § 22,504 $ 15,832

* Installation costs of pérmanently mounted equipment are essentially equal
for each alternmative and are therefore not included.

2-7
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Operating Costs

Operating costs are showm in Table 2-2.

A. Energy. There ,are 59,830 annual operating train hours for the
Metro Rail System. A 110%7 factor is assumed to allow for gap
trains and wait time before and after runs (59,830 x 1.1 = 65,813).

1. Xonremovable radio. Based on manufacturers' information,
the power consumption for each 60 watt radio will be 480 watts
(0.48 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr x 0.48 kW = $2,211

2. Removable nonoperable radio. Based on manufacturers'
infotmation, the power consumption for each 60 watt radio is
480 watts (0.48 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr x 0.48 kW = § 2,211

3. Removable operable radio. To approximate the power
consumption for the 6 watt radios, 60 watts were subtracted
from the 60 watt radio power consumption to give a net of 420
watts (.42 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr x 0.42 kW = $ 1,935

B. Labor. Since train operators will, as part of their routine
duties, operate the radio equipment no matter which alternative is
selected, the labor costs are the same for all and have not been
included in this study. There is, however, labor involved with
checking out the portable transmitter/receivers and radio units.
The estimated (by KE) average time to check a unit in-and-out on a
daily basis is 2 hours total per unit per week. Therefore, this
annual labor cost would be:

2 hours/week x 52 weeks % 19 ugnits x $19.30/hr = $38,137
For option 2 the operator has 2 units to check in and out. An
additional time equal to 10% of the time for the first unit has

been allocated to the second unit.

$38,137 x .10 = $3,814

1 See Table 3-8 in the Preliminary Operating Plan, WBS 13 DAA.
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)  Table 2-2
ANNUAL OPERATING COSTS
(L (2) (3
Nonremovable Removable Removable
Radio Nonoperable Operable
Radio Radio
Energv* 2,211 2,211 1,935
‘Administration (check- '
in and check-out)
Removable nonoperable _
trangmitter/receiver = 3,814 -
Removable operable radio - - 38,137
Portable radio 38,137 38,137 -
ANNUAL OPERATING COSTS 540,348 $44,162 540,072

2.5.3 Maintenance Costs

For the purposes of evaliiating the three alternatives, the cost of
an annual maintenance contract for parts and labor was calculated.
General Electric stated that 10% of the equipment capital costs
are normally asked for parts and labor on an annual maintenance
contract.** Maintenance costs are shown in Table 2-3.

' Table~2!3
ANNUAL MAINIENANCE COSTS -
(0 (2) (3)
Nonremovable ‘Removable Removable

Radio Nonoperable Operable

Radio Radio

Service contract
with radio vendor $24,452 $18,255 512,843
"Replacement of portable T

radios (1/12/yr.) 5,406 5,406 5,406
ANNUAL MAINTENANCE COSTS 29,858 23,661 18,249

* The energy costs for the permanently installed radio équipment (control
head, microphone, and speaker) are included with the train PA system, are

very low, are virtually identical for the 3 alternatives, and are there-
fore not considered hete.

*%*Sae Appendix D, Radio Service Data, Meeting Minutes with General Electric,
May 25, 1982.

Service contract with vendor includes all labor and spare parts costs,
therefore, there are no spare parts shown separately in the Radio Cost
Analysis.
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2.5.4

Annual Equivalent Costs

Table 2-4 summarizes the above three costs, and, using the formula
shown in Appendix D, shows the annual equivalent costs.

Table 2-4

RADTO COST ANALYSIS

(1) (2) (3)

Nonremovable Removable Removable
Radio Nonoperable Operable
Radio Radio

Capital Cost (installed) 244,520 182,545 128,425

Operating Cost (annual) 40,348 44,162 40,072

Maintenance Cost (annual) 29,858 23,661 18,249
Total Operating and

Maintenance Costs $ 70,206 $ 67,823 $ 58,321

Annualized Capital Cost $ 30,144 $ 22,504 $ 15,832

ANNUAL EQUIVALENT COST $100,350 $ 90,327 $ 74,153

2.5.5

Technical Risk

All three alternatives utilize off-~the-shelf equipment that has
been used in rail rapid transit service. The radio equipment will
be firnished with solid-state componeénts that provide a long life
expectancy, instantaneous operation, and very low failure rates.
The technical risk with the radio is more associated with having
correct interfaces between the various system elements on the

_vehicle, in Central Control, and in the portable usage than in the

equipment itself. The removable radio altermatives have the
disadvantage of additional handling risk during the check-out/
check-in procedure and mounting and dismounting from cars. Both
require repeated installation and removal of equipment with
connectors. Such connectors are subject to malfunction due to
vibration, dirt accumulation, and physical damage. Removable
equipment is also subject to loss and damage while being handled
and carried by train operators. '

2-10
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2.5.6

© 2.6

2.7

kvailability

Equipment for all three alternatives 1s readily available. During
final design the availability of equipment required for the
selected alternative will be determined.

CONCLUSION

On a cost basis, the removable operable radio (Alternative 3) is
the least expensive. However, the risks (as discussed in Section
2.5:5) associated with the constant removal and replacement of the
radio raises concerns that -woulé need to be addressed in detailed
design. Alternative 2 also has the same risks. Therefore, the
removable operable radio (Alternative 3) is best suited to the
Metro Rail requirements.

RECOMMENDATION

It is recommended that Alternative 3 be selected for the passenger
vehicle radio service for the Metro Rail system. Is 1is also
recommended that the current PATCO svstem, which is similar to
Alternative 3 except that a removable, operable radio is installed
in each car, be considered during final design. This PATCO
configuration eliminates the administrative costs of a constant
check-in/check-out activity, minimizes the reliability/loss/damage
problems associated with frequent insertion into the mounting, but
does not, however, realize the capital cost savings due to fewer
transmitters/receivers fleet wide. Because of these factors the
cost effectiveness of this additional alternative should be
examined more closely.
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Chanpter 3

TELEPHONE SERVICE ANALYSIS

.1 ;’NTRdDUCT‘IoN

The telephone facilities may be broken down into three categories
for analvsis:

o Telephone instruments
o Cable transmission system (outside cable)
o Central switching equipment (PBX)

The first category of equipment includes telephone sets, terminal
blocks, distribution panels, and the corresponding intercommecting
wiring, The second category, outside cable, provides the
conductive connection for carrying signals to and from the
telephone instruments. The third category is the PBX* equipment,
which makes the connection between the calling=- and
called-telephone lines.

This chapter of the report is concerned with the cost of
installation and maintenance of the first and third categories of
equipment, including telephone plant, telephone instruments, and
PBX equipment. The second category or ocutside cable is the
subject of -a.separate section of this report (see Chapter 5}.

.1.1 Functional Regquirements

The telephone service will provide a means of communication to
serve the following three functions: .

A. Administrative calling. This function will be provided by
telephones located in Metro Rail offices, stations, shops, and
Central Control. They will be used for placing calls to and
receiving calls from other Metro Rail telephones, exchange
telephones in the Los Angeles extended area, and telephomes
reached over the toll telephone and state private—line
networks,

Stands for private branch exchange; sometimes also referred to as PABX
for private automatic branch exchange.



3.2

3.2.1

3.2.2

3.2.3

3.3

B. Maintenance calling. This function will be provided by
telephone sets located in shops and equipment rooms, and by
telephone test sets which plug into weatherproof jacks located in
signal bungalows, on wavside signals, in the fare collection
areas, ventilation shafts, and in traction power substations.
These telephones will be used for communication between
maintenance personnel.

C. Emefgency calling. This function will be provided by
telephones located on station platforms and other critical
locations. They will be used for calling Central Control.
These telephones will have no pushbuttons or dials but will be
provided with automatic ringdown sent by removing the handset
fronm {its cradle.

I1f administrative and maintenance telephones also have the
capability for emergency calling to Central Control, they will
have ringdown sent by pressing only one dual-tone multifrequency
(DTMF) key on the instrument.

DESCRIPTION OF ALTERNATIVES

The following paragraphs describe the options studied for
telephone service:

.Alternative l: Three Separate Exchanges

The three telephone services may be provided by installing
separate exchanges for each function including separate
instruments, lines, channels, and switching arrangements for their
interconnection.

Alternative 2: Two Combined Exchanges

Two services, administrative and maintenance, combine calling on
one exchange with emergency calling on another exchange. Separate
instruments, lines, channels, and switching apparatus are supplied
for each exchange.

Alternative 3: One Combined Exchange .

All three services are combined into one exchange with all
telephone calling with common lines, channels, and switching
apparatus, Instruments for emergency phones are separate.

APPLICATION HISTORY

Recently constructed heavy-rail transit properties have similar
telephone service needs as those required for Metro Rail. Table
3-1 provides a comparison of the facilities installed on BART,
MARTA, and WMATA.
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Table 3-1

COMPARISON OF TELEPHONE FACILITIES

3-3

BART MARTA WMATA

EMERGENCY
TELEPHONE
Type Automatic ringdown Automatic ringdown Press "*" pushbutton
Ability to
Call Central Control Central Control Central Control
Central None-~telephones None--calls are Combined PBX
Office from each station handled by one-way
. Switching appear on a separate ringdown apparatus

"press-and-hold" and appear on console

button on console communications panel -
MAINTENANCE
TELEPHONES
Type Plug-in Plug-in Plug—in
Able to - Party on own Party on own Party on own
Communicate line line line
with
Central None None None
Office
Switching
ADMINISTRATIVE -
TELEPHONES
Type DTMF pushbutton DTMF pushbutton DTMF pushbutton
Ability Any admin. Any admin. Any admin.
to Call telephone telephone telephone
Central Separate PBX ‘Separate PBX ' “'Combined pBX
Office '
Switching



3.4

3.4.1

METHODOLOGY

The evaluation factors discissed in Chapter 1, Section l.4. were used
in the analysis of the alternatives. The primary evaluation factor in
the study of ‘the telephone service alternatives is the annual
equivalent cost. This cost is composed of two components——the annual
capital cost of the installed equipment plis the maintenance expense
of the installed equipment.

Cost estimates for the telephone equipment are based on averaging data
obtained from various suppliers of telephone equipment. The annual
maintenance expense is calculated from expense ratios applied to the
cost of corresponding categories of telephone equipment. These ratios
are based on the experience of typical small telephone utilities
operating in Southern Califormia.

Design Assumptions

Under all alternatives, the telephone service will provide the
following functions and facilities:

A. Emergency telephones. Separate emergency telephones will be

. installed at public locations where required. These telephones will

be without dials and will be provided with automatic ringdown to
Central Control activated by removing the handset from its cradle. A
seéparate line or channel will connect each telephone to the PBX at )
Central Control, which will have access to the required nimber of
answering lines at the attendant's console.

B. Administrative and maintenance telephones. Administrative and
maintenance telephones with maintenance jacks will be installed, where
required, with DTMF dialing and access to all other

administrative and maintenance telephones. Call waiting, call
forwarding, and call conferencing capabilities will be included.
Access to Central Control for emergency calling would be possible

by pressing a single "*" pushbutton. Each telephone or jack

location will have a separate line or channel to the PBX at Central
Control.

Table 3-2 shows the distribution and function of the telephorde
apparatus assumed for the alternatives studied. It shows the
number of telephones and jack locations that would be required if
separate exchanges were to be provided for each function, and the
number required for the alternatives which coibine more than

one function into a single exchange. The chart also shows the
total number of circuits, including the allowance for trunk
circuits which are required for calls made to telephones

served by other exchanges.
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Table. 3-2"

DISTRIBUTION OF TELEPHONES

Separate Exchanges (1) Combined Exchanges (2 & 3)
Emerg. Admin, : Maintenance - Emerg. Admin. and Maintenance
Ringdown Telephones Telephones  Jacks Ringdowm
Telephones . Telephones Telephones Jacks
Each Passenger Station ¥
Platform 6 |- - 3 6 - 3
Ventilation shaft 1 - - 2 1 - 2
Fare collection area 2 - - 2 2 - 2
Equipment room 1 2 2 2 - 2 2
Attendant's booth 1 1 - - - 1 -
"Power substation 1 1 2 4 - 2 4
Tunnel cross-passages 12 = - - 12 = =
TOTAL/station 24 4 4 13 21 5 13 -
TOTAL/16 stations 384 64 64 208 336 80 208 -
'f i
Wayside Locations
Signals - - - 28 - - 28
Switch machines - - - - 38 - - 38
Central Control
Control room - 65 2 12 - ,65/</ ,Jif/’
Equipment room - 5 2 32 - ,/5// A2
Yards and Shops
Signal bungalows - - - 20 - - 205
Yard signals - - - 35 - - 35 v
Signal towers 3 12 3. 25 - 12 25 /b
§.& I. Shop - 32 12 - - AT -
Maintenance shops - 50 18 - = ~50 -
TOTAL Telephones & Jacks -, , 387 228 101 398 336 244 398
Required PBX Lines & Trunks 387 274 599 336 770 509

*Figures include an allowance for outside trunks of approximately 20% of the number of telephone lines connected exce
for the emergency telephone service where outside calls are not anticipated. .
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3.5 RESULTS

3.5.1 Capital Costs

The capital costs ‘are the total of the procurement and installation

costs. Table 3-3 provides the unit costs which are used in

developing the total capital costs for each option.

Table 3-3

*
COST DEVELOPMENT DATA

Material.
Telephone instrument, DTMF pushbutton
Telephone instrument, wall-mounted, without
dial for automatic ringdowm
Telephone jack
Electronic PBX:
100-400 line capacity, per line
400-800 line capacity, per line
800-1600 line capacity, per line

Labor
Install telephone instrument, each
Install PBX equipment, per line

Table 3-4 shows the capital cost for each alternative
material and labor costs given in Table 3-3.

.
See Appendix E, Telephone Service Data, for backup costs.

§ 55.00

36.00
16.00

450.00

400.00
350.00

50.00
40.00

based on the



MATERTIAL

Emergency Exchange
Ringdown instruments
PBX line equipment

Admin. Exchange

Telephone instruments

PBX line equipment

Main./Combined Ex.
‘Telephone instruments
Telephone jacks
PBX line equipment

TOTAL MATERIAL

INSTALLATION

Telephone instruments
and jacks

PBX equipment, per
Tine.

TOTAL INSTALLATION

TOTAL Material
and Installation

ROUNDED CAPITAL COST

Alternative 1

Table, 3-4

CAPITAL COSTS

Alternative 2

Alternative 3

Number Unit Number Unit - Number Unit
Required Cost  Amount Required Cost  Amount Required Cost Amount
387 $ 36 $ 13,932 336 $ 36 $ 12,096 136 $ 36 $12,096
400 450 180,000 350 450 157,500 - - -
228 55 12,540 - - - - - -
300 450 135,000 - - - - - -
101 55 5,555 244 55 13,420 244 " 55 13,420
499 16 7,984 398 16 6,368 398 i 16 " 6,368
600 400 240,000 800 400 320,000 1200 350 - 420,000
$595,011 $509, 384 $451,884
1215 50 60,750 978 50 48,900 978 50 48,900
1300 40 52,000 1150 40 46,000 1200 40 48,000
$112,750 3 94,900 $ 96,900
i 707,761 604,284 548,784
$710,000 $600,000 $550,000
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3.5.2 Operating Costs

A. Labor. The cost of operating personnel is not included
because all the equipment operates unattended. Anv "operator
assistance" which may be required would be performed by the same
Central Control persornnel, irrespective of the alternmative
selected.

B. Energy. The cost of electrical energy used in electronic
telephone systems is very low compared to other types of
electrical power loads. The largest telephone exchange considered
in this study would have a power requirement of only 2,000 watts.
Supplying this load on an annual basis would represent an
insignificant amount in the overall cost of the alternatives
(approximately 1%).

3.5.3 Maintenance Costs

A. Labor. 1Unless telephone service is obtained from The Pacific
Telephone and Telegraph Company on a monthly-charge basis,
maintenance will be performed by Metro Rail technicians. The same
crews will maintain other electrical and electronic apparatus in
addition to the telephone apparatus. It is necessary, therefore,
to estimate the amount of time and and material that will be used
in the maintenance of the telephone equipment,

As an approximation of this cost, the expense ratios were derived
from the experience of public utilities engaged in providing
similar telephone service.* Data obtained from the files of the
California Public Utilities Commission have shown that, for the
telephone companies examined, the ratio of expense of instrument
repairs to the plant value of telephone instruments ranges from
17.8 to 18.7 percent. Similar ratios for expense of repair
central office equipment (PBX) to the plant value of central
office equipment ranges from 9.9 to 10.3 percent. '

The values-judged appropriate for use in this study and the
resulting maintenance expense estimates are shown in Table 3-5.

*
See Appendix E, Telephone Service Data, for backup costs.



Table 3-5

ANNUAL MAINTENANCE EXPENSE

Alternative 1 Alternative 2 Alternative 3

Telephone instruments $101,000 $ 80,800 $ 80,800

Maintenance (18% of 18,200 14,500 14,500
capital cost)

PBX equipment | 607,000 524,000 468,000

Maintenance expense (10% of 60,700 52,400 46,800

capital cost)
TOTAL ESTIMATED
MAINTENANCE $ 78,900 $ 66,900 $ 61,300

3.5.4 Annual Equivalent Costs

For the analysis of the telephone service, the total annual
equivalent cost consists of the annualized capital cost plus the
estimated annual maintenance expense. Table 3-6 shows the
combination of the cdapital costs from Table 3-4 as modified to
obtain the anntal cost, and the estimated maintepance from Table
3-5 to cbtain the annual equivalent cost for all three optioms.

Table 3-6

-~ — TELEPHONE ALTERNATIVES COST ANALYSIS

Alternative 1 Alternative 2 Altermative 3

Capital Cost (Table 3-4) $710,000 $600,000 $530,000
Annualized Capital Cost 87,500 74,000 65,300
Estimated Annual Maintenance S
(Table 3-5) ' 78,900 66,900 61,300
ANNUAL EQUIVALENT COST $166,400 $140,900 $126,600
SAVINGS (compared - 157% 247

to highest cost)



3.5.5

3.5.6

3.5.7

Reliability

The central switching equipment (PBX) used in this comparative
analysis comprises small electronic switching systems (ESS).
Experience with ESS equipment has shown that it is more reliable
and requires less maintenance than the electromechanical PBX
equipment used previously, and its reliability may be further
increased for larger electronic PBX installations. For units of
1,000 lines or more, it is possible to add a redundant central
processing unit (CPU) to the PBX apparatus to assume operation in
case of malfunction of the primary CPU. This can be obtained
without appreciable increase in the cost per line.

For many years telephone instruments have been considered fairly
rugged and reliable. Their reliability has also been increased by
replacing the rotary dial, which is susceptible to dirt
contamination and to mechanical maladjustment, with touch-tone
dialing.

Overall, the only option which offers an advantage in reliability
is the option that will be able to profit by the redundant
features offered in the larger PBX units; that is, Alternative 3.

Technical Risk

. The telephone instrument is a standard electromechanical device

including a2 receiver, transmitter, hybrid coil, ringer,
switchhook, and DIMF dial. The basic apparatus has been in
general tise for over 30 years and the touch-tone feature has been
in general use on telephone company exchanges in California for
over 15 years.

Electronic PBX installations began replacipg electromechanical PBX
plants approximately 12 years ago and have since become standard.
For these reasons there is little technical risk with any of the
telephone service altenatives considered.

Availability

The availability of telephone equipment is very broad. Telephone
instruments and PBXs are available from many vendors offering
apparatiis manufactured in a number of European countries, Japan,
Canada, and the United States. The equipment for any of the
alternatives should therefore be obtainable with little
difficulty.
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3.6

3.7

CONCLUSTON

This analysis concludes that the alternative offering the lowest
anntal equivalent cost is that which combines into one exchange
all telephone calling with common lines and switching apparatus.
The analysis showed that this configuration offers a 24% savings
in annual equivalent costs over the separate exchange alternative,
and a 15% savings over the partially combined exchange
alternative. These savings are obtained by minimizing the
quantity of telephone instruments and PBX line equipment required,
as well as by taking advantage of the lower cost per line
available with larger PBX equipment.

Additional savings will be realized in the CTS through the use of
a combined exchange, because fewer telephone lines will be
required to carry signals to and from Central Control. Under the
combined exchange configuration, emergency telephone service would
be provided in public areas by separate wall-mounted telephones
without dials, arranged to ring at Central Control when the
handset is removed from the switchhook.

All telephones in this analysis are single party lime units. Each
telephone has a dedicated circuit to the central PBX. In this
way, there would be no interference caused by a telephone line
being shared by maintenance or administrative persommel.

RECOMMENDATION

The recommendation is to combine all telephone requirements into

one exchange using common switching apparatus and linmes
(Alternative 3). Emergency phone instruments are separate. This
installation would offer the lowest equivalent annual cost and
fully meet the requirements of the Metro Rail System telephone
service. '
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4.1

4.2

Chapter 4

CLOSED-CIRCUIT TELEVISTON MONITOR ANALYSIS

INTRODUCTION

The use of closed-circuit television (CCTV) surveillance on
transit systems as a deterrent to crime has been an accepted
practice for many years. - ALl of the newer operating rail systems
(BART, MARTA, WMATA, and PATCO) employ some form of CCTV
surveillance. Systems under construction or in the design stage,
such as Miami, Baltimore, and Houston, are imcluding CCTV for
their future operation. The extent to which each of these systems
use CCTV varies from property to property and is based upon the
uniqueness of each property.

An example of factors which influence the extent of CCIV usage on
a system are: the operating environment through which the system.
traverses, physical constraints of the system, manned or ummanned
stations, budget limitations, and others. Once a_decision is
reached to use CCTV on a s¥stem, several critical issues must be
addressed, such as: areas of system to be monitoréed, the

.monitoring technique to be used, and local or remote monitoring,

All of these isstes must be addressed early in the design as they
greatly impact the design of facilities.

This analysis of monitoring techniques reviews the advantages and
disadvantages of three viable alternatives to dedicated monitors
for each camera, and provides sufficient cost data to enable an
economic comparison of alternatives.

DESCRIPTION OF ALTERNATIVES

Several techniques for CCTV monitoring are avallable in the
marketplace, each with advantages and disadvantages. These
techniques include: .

0 Dedicated monitoring

o Multiple camera sequencing

o Split-screen projection

o Sequential split-screen projection

The initial screening of the alternatives eliminated dedicated
monitoring as a further consideration as a result of the high cost
of providing siuch a system. Dedicated monitoring for the SCRTD
system would require an atray of 216 CCTV monitors with a large
monitoring staff. Elimination of this altermative is comsistent
with the transit industry trend toward providing an effective
system at a2 reasonable cost. The three remaining alternatives,
which are described below, will be analyzed.
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4.2.1

4.2.2

4.2.3

4.3

Multiple Camera Sequencing (Alternative 1)

Multiple camera sequencing is a method in which several scenes are
projected on one monitor in automated sequential order. The
nornmal range of scenes is from 2 to 5. For this alternative, the
system 1s designed to sequence 4 cameras on each monitor. Large
or small monitors can be uséd. This method, which requires 3
monitor screens per station, additionally allows the viewer to
select and hold a specific scene desired, and can be likened to
changing a channel on a television set. ﬂormally,Athe sequencing
rate can be adjusted from 2 seconds to 3 minutes of viewing time.
A block diagram of Alternative 1 1is shown in Figure 4-1.

Split-Screen Projection (Alternative 2)

Split~screen projection is a method whereby 2 or more scenes are
projected on a single monitor via a splitter. Two scemes per
monitor were selected as the basis for the study of this
alternative. This method would require 6 monitor screens per
station. A block diagram of Alternative 2 is shown in Figure 4-2.

Split-Screen Segquencing (Alternative 3)

The split screen sequencing method would use a combinadtion of
apparatus to permit three camera images to be sequenced in
rotation on a split screen showing two displays. Two monitors per
station would be required. A block diagram of Alternative 3 is
shown in Figure 4-3.

APPLICATION HISTORY

In the ttansportation industry CCTV is being used for monitoring
activities at passenger stations and facilities. The Illinois
Central Gulf Railroad uses Alternative 1, multiple camera
sequencing. Each monitor is dedicated to 5 fixed cameras which
are sequenced every seven seconds. Port Authority Transit
Corporation (PATCO) tuses one monitor screen per camera, as does
the Washington Metropolitan Area Transit Authority (WMATA)\ and the
Port Authority of New York and New Jersey. A reviéw of the above

properties and BART, Baltimore, Miami, and MARTA determired that

the Metro Rail System will monitor by far the largest number of
cameras in a single Central Control center.

4=2
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4.4

4.4.1

-

METHODOLOGY

The alternatives are analyzed using the evaluation factors
described in Chapter 1, Section 1.4. Additional qualitative
factors, observation continuity and TV monitor personnel work
load, are discussed in Sections 4.5.5 and 4.5.6. The SCRTD
Architectural Standards for Communications and the APTA Guidelines
for Transit Security were reviewed, and a possible configuration
was developed for the Metro Rail System.

Design Assumptions

The following assumptions were made for the purpose of this
analysis: ’

0 Closed circuit television strveillance of stations shall be
required on a 24-hour a day basis.

o Two TV surveillance sites are added for the purpose of
monitoring two storage yards.

o The primary location for monitoring the CCTV system is the
Central Control facility.

0 CCTV monitoring personnel are also responsible for
answering the public assistance telephones.

0 Twelve fixed TV cameras will be provided at each
passenger station and at each shop/vard..

o No CCTV coverage of a central revenue-counting facility 1is
considered becalise of its specialized function and separate
monitoring location.

o Areas subject to CCTV surveillance include: fare
collection, handicapped/service entrance and egress,
security telephones, fire emergency telephones; patron
assistance telephones, toilet room entrances, stairs at
terminations, escalators at terminations, station platforms
at termination of vertical circulation elements aund at
platform ends and at corridors, and pedestrian bridges and
underpasses within stations.

o No video recorders are included in the analysis since the
costs would be similar for all three alternatives.
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AL Operational Assumptions

The SCRTD operational concept for CCTV surveillance established to
date requires that Central Control will have the primary
responsibility for monitoring the CCIV surveillance system. Fach
station will be provided with twelve fiXed cameras which will send
images of various areas within each station to Central Control.

An array of monitoring equipment combined with dedicated
nenitoring personnel will be located at this facility. Additional
TV monitors will be provided for the surveillance of two wvehicle
storage yards located at each end of the operating lire.

Provisions for one additional monitor in each station will be
included in the design of stations. It is expected that if
stations are manned, CCTV monitoring will not be a primary duty of
the station agent. Central Control will advise the station agent
of any situation which is occurring at his/her station which may
necessitate further investigation or assistance. The statiomn
agent may then switch a single vidéo monitor to the appropriate
image for further viewing.

Both of these policies are in accordance with the recémmendations
of Closed Circuit Television in Transit Stations: Application
Guidelines.*

4.5  RESULTS

4.5.1 Capital Costs

The capital costs for equipment for each of the three alternatives
are shown in Table 4-1. These costs have been obtained from the
manufacturers and include only the cost of the basic equipment.**
The costs associated with the installation of equipment and the-
procurement and installation of cabling from stations and yards to
Central Control have not been included in this analysis. For
Alternatives 1 and 3, no cost was included for the master
sequencer function since it is anticipated that the timing will be
established at each station and no additional hardware is
required. The detailed cost data for capital equipment is shown
in Appendix F.

* See Appendix F, CCTV Backup Data; for more information.
**Component costs were obtained from Panasonic CCTV Products and GE, with

the Panasonic data used as the baseline. See Appendix F, CCTV Backup
Data, for more information.
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Table Afl

CAPITAL COSTS

(1) (2) (3)
Multiple Split- Combination
qQty Camera Qty Screen oty Split-Screen
Sequencing Projection Sequencing
TV cameras at each
gtation, automatic
light compensation
lens, scanner control
(51,260 ea.) 12 15,120 12 15,120 12 15,120
Camera séguencers
at each station
(5280 ea.)
a) Four image 3 840 - -
b) Three image - 4 1,120
TV momitors, 12",
automatic control
(%360 ea.)
a) Central Control 3 1,080 6 2,160 2 720
b) Each station 1 360 1 360 1 360
Cameta éblitters
at each station
($360 eao)
a) Two image == .° - 6 2,160 -
b) Three image - - 4 1,440
TOTAL STATION COST $ 17,400 $ 19,800 $ 18,760
*‘
TOTAL SYSTEM COST $313,200 $356,400 $337,680
ANNUALIZED CAPITAL COST $ 38,611 $ 43,937 $ 41,602
*16 3t passenger stations and 2 for the yards.
Closed Circuit Television in Transit Stations: Application

Guidelines was published by UMTA in August 1980.
discussed life-~cycle costs of CCTV installations.
stated that "Depending on size, pricing policies, construction
requirements, and many other factors, a CCTV transit station
security system canr have a purchase cost of anywhere from $1,3500

to $20,000 per camera/monitor installed.”
camera to one monitor system.

This repott
The report

This was for a one
This indicates that there is a

large tolerance on the anticipated cost of CCTV installatioms.
The costs shown above are within this range but on the low side
since combined monitoring, minimum functional requirements, and a

competitive bid process are anticipated.
transmission equipment is not included.
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4.5.2 ' Operating Costs

The labor cost associated with monitoring a CCTV system is
inevitably a major factor in the selectiom of a surveillance
system. The only cost item in this category consists of
personnel to monitor the televisions at Central Control. Table
4-2 shows the total quantity of monitor screens required in
Central Control for ‘each alternativé, and the number of
employees needed for each operating period and the number of
monitors each employee would watch.

Table 4-2

Employvees Required in Central Comtrol

Alternative 1 Alternative 2 Alternative 3

TV Monitors at Central.

‘Screens per station k} 6 2
- Total screens 54 108 7 36

Off-Hours Period

10 pm-6 am,

7 days/week 1 1 . 1

Sunday Base Period

6 am-10 pm,

1 day/week C 2 3 .

Peak Periods

6-10 am & 2-6 pm, )

5 days/week 2 2 1

Base Period

6 am-10pm, *

6 days/week ‘ 3 6 3

Total employees in

Central during peak period 5 8 4

TV Monitors

per employee during

peak periods 11 13.5 9




The number of employees per shift is based upon a review of
related transit property studies and actual experience of Kaiser
Engineers personnel. The calculations used to determine the
number of personnel required are shown in Appendix C,
Calculations. The following factors determine the number of"
employees required:

Sequencing or nonsequencing

Other employee duties

Distance employee is from TV screens
Configuration of TV screens

Level of activity on the display screens

0O 0 00 O

Closed Circuit Television in Transit Stations: Application
Guidelines discussed, in Section 3.3, the number of monitors

- which can be viewed by each "operator.” It concludes that 9 to
16 is the reasonable range of monitors for each emplovee.

fhese numbers of employees convert to a total staff level and
annual operating costs for the three alternatives as showm in
Table 4-3. Only labor costs are included because a cost
comparison of energy costs between all these alternatives showed
only a slight cost difference. The labor costs are based on
2,080 total paid work hours per year and 1,920 total productive
work hours per vear.

The staff levels are established around four system operating

time zones. The base period consists of two eight~hour shifts: 6
am to 2 pm and 2 pm to 10 pm, six days/week. The peak period
consists of two four-hour periods: 6 am to 10 am and 2 pm to 6
pm. The off-hour petriod consists of the eight-hour period from 10
pm to 6 am, seven days/week. The Sunday base period consists of
two eight=hour shifts: 6 am to 2 pm and 2 pm to 10 pm.
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Peak Periods ,
6-10 am & 2-6 pm,
5 days/week,
8 hours/day

EmpioyeeS/yr

Base Periods
6 am-10 pm,

6 days/week,
16 hours/day

. Employees/yr

Qff-Hours Period
10 pm=-6. am,
7 days/week,
8 hours/day

Emploﬁees/yr

Sunday Base Period

7 am-10 pm,
1 day/week,
16 hours/day

Employees/vr

Table 4-3

ANMUAL. OPERATING COSTS (LABOR)

(1) ‘ (2) (3)

Combination
Split-=Screen
Sequencing

Multiple Camera
Sequencing

Split-Screen
Projection

112,320 112,320 74,880

(3) ' (3) (2)

299,520 599,040 299,520

(8) (16) - (8

74,880 74,880 74,880

(2) (2) (2)

37,440 74,880 37,440

(1) (2) (1)

TOTAL EMPLOYEES

TOTAL OPERATING COSTS

14 23 13-

N
'§524,160 $861,120 $486,720
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4.5.3 ﬁaintenance Costs
Table 4-4 shows the maintenance ¢costs for all three
altetnatives.
A, Labor. The labor costs are established around two time
zones: the Monday to Saturday {6 day) coverage over a 24-hour
period and the Sinday only 24-hour period. For Alternatives 1
and 3, during the 6-day period at least one technician would be
stationed at Central Control and one other technician would be
available for on-site maintenance at the stations. During the
24-hour Sunday period, one technician would cover the complete
svstem. For Alternative 2, because twice the number of monitors
are required, the number of technicians has been appropriately
increased as shown. The backup data is shown in Appendix F.
B. Spares. The cost of spares is based upon 107 of the base
equipment cost for each alternative as recommended by both
Panasonic and GE:; The backip data is shown in Appendix F.
Table 4-4
ANNUAL MAINTENANCE COSTS
(1) (2) (3)
Multiple Camera "Split-Screen ~ Combination
Sequencing Projection Split-Screen
Sequencing
Labor
a) CCIV Technicians
24 hrs/day
6 davs/week 321,152 481,728 321,152
Technicians 8 12 8
b) CCTV Technicians
24 hrs/day
Sunday _ _ _ 40,144 80,288 = 40,144
Technicians 1 2 1
Spares 38,840 36,360 33,600
TOTAL MAINTENANCE COSTS $400,136 $598,376 $394,896
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4,5.4 Annual Equivalent Costs

Table 4-5 provides the annual equivalent cost comparison data for

the three configurations.

The annual equivalent costs are

computed using the formula shown in Appendix C, Calculations.

Table 4-5

CCTV COST ANALYSIS

(1) . (2} (3)
Multiple Camera Split=-Screen Combination
Sequencing Projection Split-5creen

. Sequencing
Capital Costs 313,200 356,400 337,680
a0perating Costs (anniial) 524160 861,120 486,720
Maintenance Costs (annual) 400,136 598,376 394,896

Total Oberating and
Maintenance Costs $924,296 $1,459,496 ’ $806,736
"Annualized Capital Costs $ 38,611 $ 43,937 $ 41,602
ANNUAL EQUIVALENT COST $962,907

$1,503,435 5$923,218
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4.5.5

4.5.6

Observation Continuity

All 12 TV cameras at each station are energized 24 houtrs a day.
Patrons are not aware of whether the image seen by the camera
is being observed by a Metro Rail employee. It is therefore
possible to achieve the crime deterrent affect without having
an employee actually look at each camera scene 24 hours a day.
operating scenarios for each alternative are discussed below:

A. Multiple Camera Sequencing (Alternative 1). With this
alternative the scene from each camera is shown on the TV
monitor only 25% of the time. TIf the scenes are sequenced
every 6 seconds, then each area being monitored would appear
on the monitor for 6 seconds, then be off for 18 seconds.

In the event that a TV monitor or sequencer failed, the
scenes from 4 cameras would be lost until repairs were made.

B. Split-Screen Projection (Alternative 2). With this
alternative each scene from each camera is shown 100% of

the time on one-half of the monitor screen. The images are
therefore one-half the size of those available for observation

using Alternative 1. In the event that a TV monitor or splitter

fails, then scenes from 2 cameras would be lost until repairs
were made.

C. Split-Screen Sequencing (Alternative 3). With this
alternative each scene from each camera is shown one-third

of the time. 1If the scenes are sequenced every 6 seconds,
each area being monitored would appear on one-half the
monitor for 6 seconds and then be off for 12 seconds. In the
event that a sequencer failed, scenes from 3 cameras would be
lost. If a splitter or monitor failed, scenes from 6 cameras
would be lost until repairs were made.

A potential solution for monitor failures for any of the
alternatives would be to provide redundant monitoring
capability. The plan would require an additional number of

spare monitors which would permit monitoring personnel to switch

the images normally seen on the failed monitors to the spare
monitors. Equipment which would permit this redundancy has not

The

_ been developed at this time, but the_possibility should be analyzed

upon selection of the alternative. 1In general, the best continuity
is provided by Alternative 2, followed by Altermative 1 and then 3.

TV Monitor Personnel workload

Closed Circuit Television in Transit Stations addtésSes

personnel work schedules, including the number of TV screens
each employee can effectively monitor. The report concludes
that if a lot of activity were present one person could monitor
screens. If there were little activity then one person could

9

monitor up to 16 screens. In the report's discussion of constant
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4.5.7

4.5.8

4.6

U.S5. sequential monitoring modes, the constant monitoring mode is
the preferred method. However, the report does state that
sequential monitoring would be acceptable for unusually low
activity areas and in areas where there were extreme limitations
on space. The number of emplovees has been adiusted for an equal
work load (see Table 4-2) for each alternative, thus the labor
costs reflect any variation in work load.

Technical Risk

The use of splitters (Alternatives 2 and 3) is a somewhat new
technology for widespread commercial use and must be considered
a greater risk than the sequencing mode (Alternative 1).

Availability

Based on conversations with both G.E. and Panasonic, splitters are

.not as commercially available as sequencers. This limitation may

not be a factor by the time of the procurement stage.

CONCLUSION

Alternative 1 requires the least amount of equipment, which is
reflected in the total equipment dollar value. This is a direct
result of sequencing four images onto one monitor, signifi-
cantlv reducing the number of monitor screens required. This
method requires 3 TV monitor screens per passenger station.
Sequencing has a proven track record in the transit industry,
with off-the-shelf hardware available from most vendors.
However, due to the sequencing feature, periods of unobserved
time are a characteristic of this method; the condition could
be compensated for by providing the operator with a device to
stop and hold a particular scene,

Alternative 2 is not an attractive alternative due to the intensive
labor requirements. A total of 37 employees makes this plan the
most labor intensive, becatise the split screen showing only 2
images per monitor significantly increases the number of monitors
required per station, which increases the labor force. The plan
also has the highest equipment cost due to the increased number .

of units required.

Alternative 3 has the lowest labor requirement of all tliree
alternatives, due to the optimum use of a single TV screen by
splitting the screen and sequencing the projected images. These
features require less monitoring personnel. ' A disadvantage 1s
that combining all these features results in a "busy" TV screen
and could possibly result in operator monotony and fatigue.
Equipment cost ranks second when compared to the other plans.
This alternative has no track record and is not conveniently
available from vendors.
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4.7

RECOMMENDATION

It is recommended that Alternative 1 be implemented. Although
this plan is not the least expensive overall (ranked second),

it is only 5% more than Alternative 3, its proven track record and
availability makes 1t the best alternative. It has the least
equipnment cost of the three alternatives, and effectively
implements the fullest potential of a single IV screem. Once

the final decision to have or not to have a station attendant is
made, the final criteria for CCTIV can be established. Further
analysis at that time would determine the optimum CCTV
configuration.

During detailed design, certain cameras (scenes) may be appropriately
sequenced in monitors while other scenes may require continual
surveillance. Thus, a combination of Alternative 1 and the "one
camera-one monitor" approach may be logical. Also, slow scan

transmission, as described in Closed Circuit Television in Transit

Stations in Section 4.6.2 may alsc be an alternative for certain

scenes {see Appendix F).
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Chapter 5

CABLE TRANSMISSION ANALYSIS

This chapter will follow under separate cover in January 1983,
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APPENDIX B

LIST OF SOURCES

-_

Kaiser Engineers contacted various vendors, users, and associates in the
process of the communications system alternatives analyses. This appendix
details the organization or company and, where applicable, the person
contacted.

VENDORS
Radio Service:

General Electric Comipany, Mobile Radic Communications Division:
Hank Williams, Glen Gelineau, Jack Miller, and William Nye
Motorola Electronics and Communications Division: Larry Hamilton
and Kristine White

Telephone Service:

Frontier Electronics (CSC): Tim Moses T
General Dynamics (Stromberg-Carlson)

General Telephone & Electronics: Frank Jett

Pacific Telephone: William K. Hendley, Jr. and Jim Picker
ROLM Telecomminications: Phil Mackey and D. Miller

Closed Circuit Television:

COHU Closed Circuit TV: Julian J. Peck and G. Kintz
General Electric: William Nye

Javelin Electronics: David Gibbs

Pacific International Corporation: J. T. Booth

Progress Research Organization (Panasonic): R. E. Johnsom

Cable Transmission Service:

Anaconda Telecommunications: R. Glisson

Anixter-Pruzan: Roland Watkins and Guy Stuart .

Artel Communications Division: Richard Cerny

ITT, Electro-Optical Products Division: Dale, G. McBride

Leeds & Northrup: Peter Kraus

Pirelli Communications Products Division: Michael Salisbury and J. W.
Johnston

RFL Industries: Pete Tarbell

Wescom: H. L. Robinson



USERS

American Natural Resources, Detroit, Michigan: W. L. Johmnson.

Bav Area Rapid Tranmsit District (BART): G. Austin, J. Schiro, and J. Allen

Chicago Transit Authority (CTA): J. Stewart

Grumnan Aerospace Engineering and Manufacturing, Bethpage, Long Island: J.
Mooney

Mass Transit Administration (MTA): D. Wellington

Metropolitan Atlanta Rapid Transit Authority (MARTA): J. Tucker and R.
Miller

Metropolitan Dade County Transportation Rapid Transit System: J. Abbas, R.
Maguire, and W. Brownson .

Naval (cean Systems Center, San Diego, California: R. A. Greenwell and D.
N. Williams

Naval Submarine Base, Kings Bay, Georgia: E. J. Clarke

Navy Public Works Center, San Diego, California: Ed Murdock and Jack
McClanahan C

New York City Transit Authority (NYCTA): C. Kalkhof

San Francisco Municipal Transit Authority, San Francisco, Califormia: T.
E. Hopkins

. ASSQCIATES T

Kaiser Engineers
Tony Kan

Jan Van Buuren
Roy Yamada

B -2



APPENDIX C

CALCULATIONS

FCONOMIC ANALYSIS. PARAMETERS

In the tables, z2ll costs are based on 1982 dollars.

Annualized Capital Cost (ACC)

1 (1 + i)N

ACC = Annualized Capital Cost = CC x = CC x 0.12328

a+ i

CC = Capital Cost
i = Interest Rate (127)
N = Economic Life (32 years)

Annual Operating Cost (AQC)

Communications equipment installed in stations and central control will
operate for 365 days/year based on 24 hour operation for a total of 8760
hours a year. Vehicle radios will operate for 365 days/year based on 20
hours operation.

Labor (cost for operators) 18.00/hour
___Off-hour surveillance labor cost = 15.00/hour
" Energy (cost of electricity) 0.07/kWH

1§

Operating costs shown in this report are based on equipment data power
constimption required to perform its intended function.

Annual Maintenance Cost (AMC)

Based on service contracts offered by the manufacturer of radio éﬁuipment,
10% of capital cost will be the annual maintenance cost, including labor
and parts. Maintenance for other communication services will be by the
Metro Rail Project personnel with the following rate: '

Labor (cost for technicians) = $19.30/hour

Annual Equivalent Cost (AEC)
The annual total cost can be obtaihed from the following equation:

AEC = Annual Equivalent Cost = ACC + AQC+ AMC
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GENERAL §3 ELECTRIC

(@

April 5, 1982

Kaiser Engineers
300 Lakeside Drive
P.0. Box 23210
Oakland, CA 94623

Attention: AP (Jun) Adela Jr.

Dear Jdun:

As per you request pTease find the attached budgetary pricing for the
equipment in your consideration for use by SCRTD PROJECT. If you should

(O ) have any further questions regarding this equipment please do not hesitate
to call me. -

Sincerely,

Glenn W. Gelineau

Major Account Sales Agent

560 San Antonio Road, #201
Palo Alto California 94306

GUWG: rac
Encl
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 GENERAL §3

ELECTRIC

Kaiser Engineers
April 5, 1982

Item

1

2A

aty
1

Description

CP2BKKE6KEN & watt VHF MPR Portable-
Radio, equipped with GE STAR tbggle

switch encoder.

6 Frequency capability

eauipped to operate on 1 frequency with
Channel Guard.

354C3AIK MPR VHF Vehicular Charger,
includes MNTG accessories,speaker
and microphone.

P3AK6AG Power Master.

power amplifier for use

Charger.

60 watt UHF -
with MPR Vehicular

Unit Price

$ 2,595.00

$ 350.00

$ 510.00



GENERAL £ ELECTRIC

Kaiser Engineers
April 5, 1982

Item Qty Description Unit Total
1 1 MC66KAUG6A Mastr LI Mobile Radio $ 2,285.00

65 watts VHF, 8 frequency capabil+
ity. Equipped for single frequecy
operation, Channel Guard, and GE-Star
encoder, includes speaker, microphone
1/4 wave antenna, and MNTG hardware.

o- 4
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APPENDIX E

TELEPHONE SERVICE DATA




CAPITAL COSTS

Unit costs were obtained from the sources Indicated below:

Push-button telephone insttrument: The Pacific Telephone and
Telegraph Company inveéntoty price list mailed to customers of record in
Southern California, November 1982.

Wall-mounted instfumerit without dial and test set jack: GTE Auatomatic
Electric Company, Milbrae, California estimating prices provided by sales
representative.

Electronic PBX: This item of cost presented the most difficulty in
cbtaining. Most PBX apparatus is sold by communication comsultants or
contractors who freely quote approximate turnkey estimates of $1,000 per
line. Two suppliers, however, were willing to quote approximate costs of
PBX equipment only. The figures used in this report were obtained from a
representative of Northern Telecom in Pomona, California. The prices
quoted were as follows: -

Size of PBX Cost Range

400 lines $150 to $200,000
1400 lines 550 to 600,000
1400 lines 650 to 700,000

Substantiation was obtained from a sales representative of GTE Business
Communications Systems in Reseda, California who quoted an equipment only
price for a 400 line PBX at $500 per line.

Labor to install: GTE Business Communications Systems in Reseda,
California, sales represéntative stated that $80 per line was appropriate.
Universal Communications Systems, Culver City, California, sales engineer
indicated cost to install each line was $100.

MAINTENANCE COSTS

Maintenance expense data were derived from information in the annual
reports of telephone companies on file with the State of California Public
Utilities Commission. Reported data was obtained from two smaller
telephone companies which serve Southern California. The two companies
are CP National Corperation and Continential Telephone Company of
California. The date of the annual reports are December 31, 198l. Data
from plant accounts for central office equipment and station apparatus
provided the base for which corresponding expense accounts, repairs to
central office equipment, and repairs to station apparatus were compared.
The ratics devéloped are as follow:



Central Office Station

‘ ' Equipment Ratio Apparatus Ratio
CP National Corporation 10.3% 17.7%
Continential Telephone o’ 9.9% ‘ 18.7%
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CCTV BACKUP DATA




MULTIPLE CAMERA SEQUENCING

(ALTERNATIVE 1)

OPERATING COST (LABOR)

CCTV Monitoring Personnel (Central Control)

Base Period

6 am-10 pm, 6 days/week, 16 hours/day

3 monitors/hr x 16 hours/day x 312 days/year—1,920 work hours/year = 7.8
say 8 television monitor employees.
Peak Period
6-10 am & 2-6 pm, 5 days/week, 8 hours/day
2 monitors/hr X 8 houts/day x 260 days/year = 1,920 work hours/year = 2.1

say 3 television monitor employees.

Off-Hours Perilod

10 pm—6 am, 7 days/week, 8 hours/day
1 monitor/hr x 8 hours/day x 365 days/year — 1,920 work hours/year = 1.5
say 2 television monitor employees.

Sunday Base Perioed
6 am-10 pm, 1 day/week, 16 hours/day
2 monitors/hr x 16 hours/day x 52 days/year — 1,920 work hours/year = .8
say 1 television monitor employee.

TOTAL MONITORING PERSONNEL 14

Annual CCTV Operating Personnel Cost

14 employees x 2,080 paid work hours/year x $18/hr
TOTAL OPERATING COST $524,160

MAINTENANCE COSTS

Sparé Parts

22 TV cameras @ $1,260/camera $ 27,720
8 Sequencers @ $1,120/sequencer - 8,960
6 12-inch TV monitors @ $360/moniter 2,160

TOTAL SPARE PARTS $ 38,840



thor

CCTV Maintenance Personnel

2 CCTV technicians/hr x 24 hrs/day x 312 days/year =— 1,920 productive
work hrs/year = 7.8 say 8 technicians

1 CCTV technician/hr x 24 hrs/day x 52 days/year =— 1,920 productive work
hrs/year = .65 say 1 technician .

TOTAL MAINTENANCE PERSONNEL 9

Annual CCTV MAINTENANCE Personnel Cost

9 CCTIV Technicians x 2,080 paid work hrs/year x $19.30/hr

TOTAL MAINTENANCE PERSONNEL $361,296

TOTAL MAINTENANCE COST $400,136 .



SPLIT-SCREEN PROJECTION

(Alternative 2)

OPERATING COST (LABOR, INCLUDES FRINGE BENEFITS)

CCTV Monitoring Persomnel (Central Control)

Base Period
6 am-10 pm, 6 days/week, 16 hours/day

6 monitors/hr x 16 hours/day x 312 days/year —=- 1,920 work hrs/year = 15.6
say 16 TV monitor employees.

Peak Period
6-10 am & 2-6 pm, 5 days/week, 8 hours/day
2 monitors/hr x 8 hours/day x 260 days/year — 1,920 productive

work hours/year = 2.1 say 3 TV monitor employees.

Off-Hours Period

10 pm-6 am, 7 days/week, 8 hours/day
1 monitor/hr x 8 hours/day x 365 days/year —— 1,920 productive
work hours/year = 1.5 say 2 TV monitor employees.

Sunday Base Perioed

6 am-10 pm, 1 day/week, 16 hours
3 monitors/hr x 16 hours/day x 52 days/year — 1,920 work hours/year = 1.3
say 2 TV monitor employees.

TOTAL MONITORING PERSONNEL 23

Annual CCTV Operating Personnel Cost
23 employees x 2,080 paid work hburs/year'x‘$18/hr
TOTAL OPERATING COST $861,120

MAINTENANCE COSTS

Spare Parts

22 TV cameras @ $1,260/camera $ 27,720
11 2-imapge camera splitters @ $360/splitter 3,960
11 12-inch TV monitors @ $360/monitor 3,960
2 12-inch TV monitors @ $360/monitor 720
TOTAL SPARE PARTS COST $ 36,360
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Labor

CCTV Maintenance Personnel

3 CCTV technicians/hr x 24 hrs/dayv x 312 days/year -~ 1,920 productive
work hrs/year = 11.7 say 12 technicians

2 CCTV technician/hr x 24 hrs/day x 52 days/year — 1,920 productive work
hrs/year = 1.3 say 2 technicians

TOTAL MAINTENANCE PERSONNEL 14

Annual CCTV MAINTENANCE Personnel Cost

14 CCTV Technicians x 2,080 paid work hrs/year x $19.30/hr
TOTAL MAINTENANCE PERSONNEL 5562,016

TOTAL MAINTENANCE COST %598,376
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COMBINATION SPLIT-SCREEN SEQUENCING
(ALTERNATIVE 3)

QPERATING COST (LABOR, INCLUDES FRINGE BENEFITS)

CCTV Monitoring Personnel (Central Control)
Base Period
6 am-10 pm, 6 days/week, 16 hours/day
3 monitors/hr x 16 hours/day x 312 days/year--1,920 work hours/year = 7.8
say 8 TV monitor employees.

Peak Period

6-10 am & 2-6 pm, 5 days/week, 8 hours/day S
1 monitor/hr x 8 hours/day x 260 days/year — 1,920 work hours/year

= 1,08
say 2 TV monitor employees.
fo—ﬂours Period
. 10 pm-6 am, 7 days/week, 8 hours/day - :
1 monitor/hr x 8 hours/day x 365 days/year -= 1,920 work hours/year = 1.5

say 2 television monitor employees.

Sunday Base Period

6 am-10 pm, 1 day/week, 16 hours/day
2 monitors/hr x 16 hours/day x 52 days/year -~ 1,920 work hours/year = .8
say 1 TV monitor employee.

TOTAL MOWNITORING PERSONNEL 13

Annual CCTV Operating Personmel Cost

13 employees x 2,080 paid work hours/year x $18/hr
TOTAL OPERATING COST $486,720

MAiNIENANCE COSTS

Spare Parts
22 12=inch TV cameras @ $1,260/camera : § 27,720

8 3-image camera splitters @ $360/splitter 2,880

. 8 3-image camera sequencers @ $280/sequencer 840
4 12-inch TV monitors @ $360/monitor 1,440
2 12=-inch TV monitors @ $360/monitor 720
TOTAL SPARE PARTS COST $ 33,600

F-G



Labor

CCTV Maintenance Personnel

2 CCTV technicians/ht x 24 hrs/day x 312 days/year —1,920 productive
work hrs/year = 7.8 say 8 technicians

1 CCTV technician/hr x 24 hrs/day x 52 days/year — 1,920 productive work
hrs/year = .65 say 1 technician

TOTAL MAINTENANCE PERSONNEL 9

Anmual CCTV MAINTENANCE'PE!SOnneI Cost

9 CCTV Technicians x 2,080 paid work hrs/year x $19.30/hr
TOTAL MAINTENANCE PERSONNEL $361,296

TOTAL MAINTENANCE COST £394,986
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Monitor Display Technigue

Since the indicated_camera guantities reflect presently
anticipated requirements, the moniter display board must
be large enough to accommodate the monitors regquired for
initial use as well as the future potential growth. There
are four basic methods that may be employed individually
or possibly as a combination of two or more, namely:
1. Individually dedicated iarge screen monitors,
" one for each camera,
2. Individually dedicated small screen monitors,
one. for each camera,
» 3. Split-screen projectiorn on a lﬁrgé screen moniteor,
ﬁiewing two, three or four cameras, or,
4., Sequencing of several cameras (2 to 5 max.) on

each large or small monitor.

4 4.1 ‘Dedicated Honltors

Three of the four trans;t authorities curtently employing

the CCTV surveillance techn;que, reference 3, favor employing
one mbnitor dedicated to each camera. One of these
authorities use 8 inch and 19 inch monitors (at different
zone centers) while the other two employ 9 and 10 inch

monitors respectively.
Each authority felt that the size qf monitor they employed

adequately revealea the degree of surveillance desired.

Although the larger screen (19 inch) projected a larger
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4.4.2

picture than did that of the small screens, each had equal
resolution (624 lines). 1In general, the smalllscreens
displayed a:sharper picture, howevér, this was partially

due to the use of more advanced eguipment. Based oen the
CCTV camera aﬁd monitor display anqlensuing discussion

with an equipment supplier, arranged by Bechtel, the lack

of clear display by 15" screens was attributed to the fact
that they provided only 624 lines of resolution reflecting
.0ld equipment. The recommendation waé made to employ 21
inch monitors having 1200 + lines of resolution (the current

suitable monitor for the application under consideration),

Split-Screen Projection

Split-screen projection, employing large screen monitors
is another technigue for effectively accomplishing multiple
camera viewing within a limited space. Although this
approach may at first be considered undesir§p1e since fhe
reguirement fdr'addiéional equipment means aéded cost, the
savings tha£ will be realized in reguiring less monitors
may more than compensate. 'This technique will enable the
projection of 1, 2, 3 or 4 pictures on one monitor. By
employing the recommended 21 inch monitor, the diagonal .
viewing display achievable would be 10.5 inch picture when
4 pictures are projected. 1In areas where a camera is re-
quired to view a wide area ahd a-correéponding wide monitor-
ing area is desired, a two picture split-screen projection
(horizontal or vertical) may be employed resulting in a
viewing display of 7.4 inches X 14.85 inches. single picture
projection may be employed when desiring better definition
and/or video taping..

-2 (0=
F-5



4.4.3 Secuencing Multiple Cameras

Sequencinglis vet another method that may be employed to
ﬁinimize the guantity of monitors in the zone center.
Although other authorities have considered the applica-
tion, Illinois Central Gulf was found to be the only
authority currently employing sequencing of camera
coverage; and féuﬁd it to be acceptable. The sequencing
rate is adjustable from two seconds to three minutes of
viewiné time. The one major drawback to this approach is
that during the period after a camera transmission has
been terminated and until it is once more transmitting

oh screen, dependent upon the sequencing rate and number
ofrcameras dedicated to a given monitor, the activify
within the purview of the camera will go unnoticed. When
more than two cameras are seguenced; this situation then
iﬁvplves all but one camera dedicated to a particular
monitor. As related'in the trip reportfreférence 3, such

an occurrence was detected during one evening of observance.

This technique should not be considered for the MARTA system,
W&th the Avondale Zone Center initially responsible for -
cbserving 33 cameras, thelsequencing of two cameras per
monitor would reduce the guantity of monitors to 17.
Sequenciﬁg four cameras per monitor would result in a

need of nine monitors. If a three second seguencing rate
were employed, the first consideration would result in an
unobserved period of three seconds with the second con-

gideration resulting in a nine second unobserved period.

-2
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Increasing the seguencing time period would result in a
cotreSpdndingly longer uncobserved period of time, which

would permit undesirable activity to ensue.

Monitor Arrangement Rationale

There are several possible mogitor arrangement 8 that

may be employed for efféctive surveillance. An assess-
ment, also considering maximization of effectiveness and
minimization of quantity on the part of observers, indicates
that the arrangement should be based on the overall sur-

veillance requirements ané intensity of activity that may

. e

- occur. By arranging the monitors in two major groups,

namely platform and concourse, the optimal balance can be

achieved relative to operational activity. The group con-

taining. platform viewing camera monitors will be greater

in number since more cameras are so located. Since com-
munications will;;lso be a major activity of the zone

centers,‘and the patron assistance calls are ant@éipated
to comprise the greatest éctivity of cormunications, the

combination of a lessef guantity of monitors to view in

the concourse group plus the involvement with patron -+

assistance should approximately balance the effort of

observing the greater number of platform dedicated monitors

and the associated Communications involving public. address
and security telephones. -
The proposed monitor application and arrangements for the

Avondale and West Lake zone centers, as considered necessary

_22w
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to satisfy the four zone center concept, are shown on
drawings CMX1l0 and CMX210. Since the West Lake zone

center will have interim jurisdiction for four stations

and later have other stations added, -a rearrangement of

the monitors will be required as shown on drawing CMX220.

By arranging the mOnitorsland cameras as shown on the
drawings, the observers can achieve and maintain orientation

of the assigned sector.

T™wo major factors were considered in establishing the

rationale for arranging the monitors for stations and

‘their respective cameras. In fiost cases, the station

monitors were arranged such that at the Avondale center,

the extreﬁe upper left monitor would be assigned to the

-extreme west station (Georgia State) and extend to the

right, reflecting adjacent stations to the east. However,
vhen a station requires two or more monitors, the desired
arrangement must be compromised. The VWest Lake center

arrangement is reversed such that the upper right monitor

is assignéd to the easternh most station (Five Points), then

progressing to the left for stations progressively west.

This format is duplicated, to the extent possible, for
both concourse and platform sections of the display board.

The second factor involved is specific camera/split-screen

Aassignment‘ The monitors will display an arrangement

based on the type of camera(s) dedicated. Cameras having
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Chapter 6, but are referenced here so that the-designer can plan for them in
the lavout of operator workplaces, It is importani to have an appropriate loca-
tion for storing those documents, and flat surfaces for using them. In addition,
space should be made available for storing expendable items like writing supplies,
new and used cassettes, labels, bulbs, and other articies that ere necessary for
dav-to-day operations.

3.3 PERSONNEL AND WORK SCHEDULES

The questions to be addressed when planning. for personnel in the monitor-
ing center include: (1) how many monitor screens can an operator view effec-
tively; (2) what hourly, weekly and monthly shifts are best; (3) how many
operators, supervisors and other personnel are needed on each shift; and -

(4) which other jobs can operators be expected to perform? To answer these
questions, current practice and the research literature have been reviewed. As
a result, it is possible to provide some general guidelines, but each transit secu-
rity system must also accommodate its own sets.of resource constraints and -
variations among its own personnel when considering those generalities. For
_instance, it may be ideal to use trained young police officers, working in 6-hour
shifts of 1/2 hour on - 1 hour off, viewing no more than & video menitors, with
no dutxes other than 1nteractmg w1th the passengers. under surve:llance and the
hibitively expe_nswe_ to implement. One then needs to know what kinds of com-
promises with the ideal are reasonable; It is the intent of this section to .
provide a sense of operating ranges around the ideal design parameters.

3.3.1 Number of Monitors Viewed per Operator

The practical upper goal that is most frequently established by CCTV
transit security personnel contacted during the preparation of this document is
16 video monitors per operator. However, the actual number &t which perfor-
mance (detection and interpretation capablllty) becomes unacceptable depends
upon many factors, including: (1} how crowded the scene is and how miuch
activity is taking place_;_ (2) whether or not multiple cameras are sequentially.
scanned on individual video monitors; (3) how far into the work shift the opera-
tor is; (4) what other duties the operator must perform; and (5) operator
experience. (10) .

Of over a dozen existing CCTV security systems examined, the number of
monitors in the control center ranged from. 2 to 55, and the number of operators
ranged from 1 to 3. In some of these systems, the number of operators varied
during the day as a function of predictable peak activity levels. As & répresen= -
tative example, the second largest system examined has 38 monitor screens (no
sequencing) and employs 2 civilian operators most of the time, going up to 3
operators during rush hours in the morning (7:00-8:45 AM) and afternoon (4:00~
6:30 PM), and dropping to 1 operator after 10:00 PM. This particular system is
"shut down" from 12:30-5:30 AM, but a police duty officer is present and can
observe the screens during that period. The operator's responsibilities, other than




- the video monitors, include patron assistance telephones, police telephone and
racio, remotely controlled access to rest rooms, intrusion alarms, elevator tele-
phones and the public address system. Sequential switching of 2 to 3 cameras
per monitor screen was tried and rejected when it was found to degrede operator
attention. To help reduce {etigue, operators receive a 10-minute break about
every 1 to 1-1/2 hours.

Relatively few researchers have conducted relevant scientific studies on
the number of video monijtors one operator can view effectively. Target
numerosity studies on air traffic control type displays have demonstrated the
degradation of detection and recognition as the number of significant tergets,
or even the number of irrelevant forms, increases. More applicable studies involv-
ing outdoor television scenes of people and vehicles showed that police officers
were better than civilians at detecting critical incidents; near incidenis were
detected more reliably than distant incidents; and learning what to look for
masked fatigue effects {even after 4 hours). {5, 24, 26, 28)

The most relevant research studies involved the problems of monitoring
numerous video displays for one or two hours. In one study, 16 and 24 television dis-
plays showing little movement were observed. In the other, 16 displays showing
a great deel of movement were observed. Both required the detection of inci-
dents_in prison environments, by civilians and police officers. The video display
monitors were 40 x 30 mm (about 19 inches diagonel) in size, and typically
arranged in a 4 x 4 or wider 4 x 6 array at a distance of 13 feet from: the
observer., In some parts of the tests only 1, 4, 8 or 9 of the video momitors
were used, but the array was maintained. It was found that, for scenes mvolvmg
a great dea of movement, a 100% likelihood of detecting incidents requires view-
ing only one monitor display. If it is necessary to watch more than 1 sereen
with 8 great deal of movement, then no more than 9 should be viewed by one
person. The likelihood of detecting incidents on § monitors wes 83%, amtd on 4
monitors it was 84%—no significant improvement by going from 9 to 4 monitor
screens. However, for 16 monitors that figure dropped to 64%. If very little
movement is present in-the viewed scenes, then 16 monitors is the recommended
maximum number by the authors, When 24 monitors with very little movement
were viewed. the likelihood of detection dropped from 3$7% (for the 16) to 88%
(for the 24). It is recommended that these same gu1de1|nes of a maximwm of 9
or 16 monitor screens per opecrator be followed by transit systems as well, for
the high and low movement conditions, respectively. (25, 27)

3.3.2  Viewing Time and Shifts

Where security of busy transit stations is the primary mission, eyes should
be kept on the screerns virtually full time; non-viewing activities increase the
probability of missing the detection of a brief eritical incident and lengthen
reaction time generally. In one large department store examined, detective-
operators only attend the monitor screens for just one hour at a time, rotating
duties with other roving store detectives throughout the full workday. The ten-
dency among existing CCTV transit security organizations is to maintain the con-
ventional, non-rotating work shift of about eight hours' duration. However, these
organizations recognize the need for breaks from the routine of watching monitor

23
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screens.  Sueh bresks are provided in more or-less formal ways, by either sched-
uling an actual relief (e.g., for about 2 to 10 minutes per 1/2 to 1 hour) or by
designing the operator's job to include non-viewing activities such as found in
the role of communicator or police desk officer. For many systems, the shift
gsgignments are determined an¢ speecified through terms negot:ated with a

transil workers' union. In the 3B-monitor system referred to in the previous
section, for instance, the agreement permits from one to three operators to be
present during the Operating period of 19 hours per dey. A 30-minute lunch
break is reguired and approximately 5-10 minutes per hour or so are provided for
a rest break. (22)

The research on optimum viewing time indicates that vigilance can be
maintained for about one hour, and then begins to degrade noticeably. This one-
hour criterion is borne out by objective measures of missed incidents and by sub-
jective preferences reported by viewers. For example, the previously cited -
research study involving eight monitor screens and & great deal of movement
showed a 71% likelihood of detecting incidents during the first hour, dropping to
62% in the second hour. The authors concluded that the maximum desirable
length of watch is about one hour. Two hours is certainly too long. Half an
hour gives us advantage over one hour. In the research study involving 16 moni-
tor screens showing little movement, no objective time comparisons were made,
~ but interviews with the viewers revealed that 50 out of 65 considered that 1 hour
was hot too long a viewing period; 7 considered 1 hour to be about the maximum,
while 8 felt it to be too long. Opinions about the length of a regulsr viewing
period included durations from 1/2 to 3 hours, and 55 observers considered that it
should not be more than 1 hour, (22, 27)

In summary, the maximum recommended v1ew1ng time is about 1 hour.
When longer shifts are used, it is recommended that viewer personnel be pro-
vided with 5- to 10-minute rest periods each hour, or rotate jobs with other non-
viewer personnel each hour.

When Operators work in shifts, usually of eight hours each, the issue of
changing or rotating shifts must be considered. Typical shifts run from 8 AM -
4 PM, 4 PM - 12 M, &nd 12 M - 8 AM, give or take an hour and some overlap.
While most police and transit departments have experience with shift changing,
it may be helpful to consider some of the research findings on this sub;ect/ Bio-
10g1ca1 rhythms and personality attributes have been found to be associated” with
the ability to adjust successfully to shift changes. Certain types of people adjust
more easily than others to shift changes and night work. Since those adjustiments
cen take up to two or three weeks for some people, frequent (e.g., weekly, bi-
weekly) reassignment of an individual's work shift is not appropriate under ordi-
nary circumstances. Several studies of individual circadian rhythms have shown
that evening-type people adjust better than morning types to night work. Studies
of personality have shown that extroverts adjust better than introverts, espe-
cially if those extroverts have certain neurotic tendencies. The ability to sleep at
unusual times of day, and 16 overcome drowsiness, is likewise characteristic of
those who adapt better among the general population. Interestingly, the indica~
tions are that most people, if given the opportunity, will tend to choose the
shifts that best fit their combined biological, psychological and social situation.
"Permanent" or long-term shift assignments have met with great sucecess in such
cases. Finally, there is some early research underway which is investigating the
use of drugs to alter biological cycles and possibly aid adaptation to shift
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4.6 TRANSMISSION LINKS.

4.6.1 Me ‘Hodc of Trensmitting Video Signeals

The Direct Wire svstem is the most common 2nd economical epproach {or
COTV signe! trensmission.  In this method. the video signel is carried direetly from
the cemere 10 the moenitoring eenter by ~osxial cable. No license is necessery,

but one may have to obtain rlghts of wayv to cross certain properties. This method
is limited in distance of transmission, unless equelizetion and amplification ere
used. It is elso quite susceptible to interference, especially over long distances.

The other methods of transmjssion generally make use of redio frequency
(RF) carrier signals onto which the video signal is placed electronicelly through a
process known as modulation. The modulated carrier signal can be transmitted on
a coaxial ceble, in which ecase the method can be referred to as an RF (Wire)
transmission -system. Several separate video signals (e.g., 12 or more) can be
trensmitted on a single coaxial eable by this methed. Like the direct wire method,
no license is necessary, but rights of way may need to be obtained. When the modu-
jated carrier is transmitted over a wireless, RF (Microwave) system, & license is re-
quired from the Federal Communications Commission (FCC), but rights of way be-
come unnecessary. These radio links are limited to line-of-sight arrangements, so
that repeater stations may be necessary if long distances or terrain cbstacles are to
be traversed. Although the RF (Microwave) link is typieally limited to_a single
channel {or camera signal), multiple channels {or camera signals) can be transmitted
on the UHF (Ultra-ngh-Frequency) system. The UHF system is like the RF {(Micro—- AU
wave) system in the other noted characteristies. Finally, the Optieal Transmission R
system is one of newest techniques for transmitting video signels. One method does
so -over & modulated laser or light beam. Unfortunately, this method is presently -
subject to weather variations such as precipitation and fog. It requires line—of-sight T
clearance (though mirror relays are possible) but may have an all-wemther limitation
of about 1,000 feet. This method is convenient for traversing railroed yards, park-
ing lots and other locations where cable installation may be a problem. No license
or rights of way are required. Development is currently eontinuing on optical fiber
transmission systems which have relatively unlimited distance capeabilities for multiple
channels carried in cables of optical fiber bundles. Satellite Transmission, now in its
infaney, will probably become available in the next séveral years for those willing to
pay the price for it. (8,8) '

4.6.2 Slow Scan Television Transmission . ‘ -

Standard telephone lines, ordinary paired wires or other existing "narrow-band” -
transmission systems can be used to transmit "frozen frame" video images. These :
special systems typically provide a sequence of still pictures with rates varying from

one frame every 0.5 to 300 seconds. To speed up the process, some systems may

also reduce resolution from the normal 525 lines to less than half that number. Under
favoreble conditions, transmissions up to a ‘mile are practical with some individual de-

vices and repeaters can be used to increase that distance to the extent that noise or
resolution levels become objectionable. These systems are useful only where brief

or high speed events are not anticipated and where some picture degradation can be
tolerated. An extreme version of this slow transmission method would be to make

an "instant" photograph of the CCTV monitor screen and then place the photograph

on & faesimile scanner for transmission to enother location. (6)




6. OPERATOR MONITORING AND RESFONSE PATTERNS

5.1 GENERAL

1t is the expressed beliel of many seeurity officials thet any erime coun-
termessure or sefetv svslem must be pereeivec. by those served &s providing ra-
pid and certain respornise, or its eredibility will be questioned, confidence will
falter and the consequent value of that system will be seriously diminished. The
purpose of this chapter is to provide the reader with information about appropri~
ate operating procedures and action sequences that typical transit CCTV monitor
personnel ernploy in the course of their day-to-day activities. These activities
include routine monitoring of dlsplavs response sequences to representatlve inci-
dents; communications procedures in working with related services and the pub~—
lie, the use of automatic capabllxtzes and the keeping of records. The informa-
tion presefited in this chapter is a further deve!opment of the operator issues
addressed in Chapter 5. (Personhel Practices). It is considerably more specific,
however, &bout step-by-step procedures employed-when detections are made on
the monitor displays. ,

6.2 ~ ROUTINE MONITORING

6.2.1 General

The continuous, routine human activity most associated with CCTV

. station security operators is the monitoring of television screens for the purpose
of detectmg events requiring a response. This activity is an essential part of
maintaining an overall awareness of the seecurity and safety status et each loca—
tion. Typicelly, the function of routine monitoring is carried out ertirely by the
human operator, although ‘there are certain conditions which permit the use of
automatic detection devices which can alert operators by distinet + larms when
eonditions change. This section on Routine Monitoring addresses - ly the continu-
ous monitoring of conditions by the human operator. Automatic r. .nitoring and
detection capabilities are the subject of a subsequent section in t! .s chapter.
The response sequence following the detection of a significant security or safety
event is also treated in & subsequent section.

6.2.2 Pattems,of Station Activity

After the system has been 0perat1ng for some period of tzme, monitor opera-
tors will begin to notice the existence of certain trends or patterns which are char-
acteristies of each station and its various surveillance zones.. Each station will
usually have some cameras that observe an abiundance of setivity while others may
show activity only during certain time periods of the day. At certein times, there
may be & predominance of particular types of passengers (e.g., school children,
elderly, shoppers, office workers, ete.), so that other types steand out as different
from the majority. Some of these routine patterns may contribute to reduced v1gz- :
lance or even boredom.
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2.3 Meinteining Vigilance -

The administretor’s continuing chellenge is to help the opexators over—

co*ﬂc those tendenc 28 towerd der“adrd monxto'zng performance created by

wiine end boring aouvity petierns, - Oversll elertness end awereness must
CoEe meinteined so t*:—;z threzis 10 security of ss.-fety ere.readily emd reliably
recognized. The operator's ability to deteet significent events cmmn be sustained
even when feeing routine and boring patterns by sensitizing him/ier to expeet.
such events &nd to be accountable for recognizing them. -One wa&y such sensi—
tizetion is accomplished in certain CCTV security systems is to #mform opera—
tors that periodie training and testing of the entire system (including operators)
will be carried out using unannounced events staged before the cmmerss &t ran-
dom times. These events are actuslly carried out, operators are later informed
of their oceurrence and response patterns are reviewed,

6.2.4 Adherence to Geometrical and Numerical Guidelines

Routine monitoring is influenced by the degree to which. tie operator's:
ph'y'sical perceptual and cognitive capacities are respected. Foumi elsewhere
in this document are guidelines for the geometrical arrangement. of CCTV dis—
plays before the monitor operator and the number of monitors cme person carx
monitor effectively. Should those guidelines be violated, the refsbility of rourtine
monitoring and detection can be degraded because of resulting fatigue, task orver-
loading, eyestrain or other consequences of the mismatch betweem operators &end
equipment under the given conditions. :

-

6.2.5 Redeployment of Police Surveillance P,atrols.- ‘

To the extent that the CCTV surveillance system accomplishes its fune—
tion, the use of police patrols for. broad surveillance in all arees of the. trans=it
stations can be reduced. Those police officers should be deployed instead to
other locations where CCTV surveillance is not as effective, or from where tiey
can make more rapid responses and more certain gpprehensions {smch as near
exit gates). Tt is not recommended that police patrol activity be stopped, buz
rather that the emphasis be shifted if CCTV surveillance is effeetive. Implicdt
in this guideline is the need for good communications between the CCTV rion:i-
tor operators and the police patrol units. Police patrol units cam even visit the
monitoring center to gain a perspective on station and system ststus prior to
- initiating their patrol tour. :

6.2.6A Local Monitoring and Central Monitoring

Some systems which are staffed by people (e.g., police officers, ticket
agents, changé-makers) at each station, may encounter technicel or administrer
tive circumstances which necessitate that monitoring functions be shared or
otherwise divided between those local individuals and personnel im a central mmoni-
toring location. If such a compromise is necessary, it could be executed on the
basis of relative workloads at given times of day (or week) or the relative hours
of operation for certain positions or functions. In the event that routine moxai-
toring and detection functions are so shared, it is essential thet appropriate equip-
ment and procedures be provided to insure effective monitoring performance..
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For example, it may be necessary to locate-small CCTV monitors and 8 video~
tape recorder in an agent's bocth, along with an esudio capability for communi-
cating with other system personnel or with the public. As protection for such
an agent, it is also possible to keep an open audio link to another agent, in a
form of "buddy" systems, thus making the source of detection and alarm am-
biguous to a potential assailant. In local station security booths, one-way mir-
rors facing the station can provide a similar.sense of ambiguity, whereby a po-
tential offender or fare evader will remain uncertain if a police officer or other
official is present in the booth.

'6.2.7 iCombined Audio and Visual R_emot,e Surveillance

_ To help overcome the tedium that sometimes oceurs in visual CCTV sur-
veillance &lone, generally quiet stations can also be monitored by an audio sys-
tem. In this case, the control center operator would be alerted to observe some
signifieamt events on the CCTV monitor upon hearing unusual sounds or commo-
tion over "the speaker system. Typlcally, this approach does not insure that all
types of iincidents will be detected and it is really limited to use on one or, at
most, a few stations having unusually low background noise levels. Once the
background noise becomes arinoying, the operator is likely to turn off the audio
 monitor umtil it is needed. (2)

b -

6.2.8 Attention to Vulnerable Passengers

The CCTV monitor operator should usually be alert to the types of people,
numbers of people and kinds of movements seen on the monitor sereen. For
example, handicapped, eIderly and infirm passengers are highly vulnerable targets
for eriminals and may require extra attention. Sleeping passengers awaiting the
arrival of their train are vulnerable; as are lone passengers in isolated areas and
intoxicated passengers. Accelerated activity at the time of boarding and un—
boarding -of vehicles may provide special opportunities for certain kinds of crimes
(e.g., purse or necklace snatching, fare evasion). Each geographica! area and transit
system has its own segments of the population and types of eircumstances that
may require special attention because of an increased likelihood of people being
victimized or hurt. The local police unit is usually in the best position to train
monitor operators ih recognizing those higher risk passengers and eircumstances
as well as the types of individuals who are likely to commit offenses.

6.2.9 Constant vs.. Sequential Monitoring Modes

Most operators interviewed during the preparation of this guidebook ex-—
pressed a strong preference for one constant, individual camera's pictures on
each CCTV monitor, rather than sequentially switching from one camera to an--
other on a single screen. In special cireumstances, the sequentially switched
cameras v:ewed on a single monitor are acceptable. These circumstances include
extreme limitations of space, unusually low activity levels being monitored and a
high likelihood that the events requiring a response would take place over long
e_nough periods of time so as not to be missed by the sequential monitoring pro-
cess. A typical sequential mode could include as many as six cameras, with about
three seconds of monitoring on each one in suecession. Of course, the operator
must have the capability to stop the sequencer and display only the picture from
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env. one camera at will, when necessery. Obviously, the other camerz: may be

" going unsttended &t thet time, unless the system is designed¢ to contirve the se-
guentia] displey on one monitor screen while using a second monitor screen to
dvell on the one selectzd cemera. As noted elsewhere in this guidebook, the dis-
sévantege of seguenticl switchine of cemeres on & single monitor sereen is that it
virtually eliminegtes the possibiiity for en operztor to meake good use of movement:
on the screen &s & cue lo be more &itentive to what ‘is happening at the station,

6.2.10  Experienced vs. Inexpe‘rienc‘edv Observers

There is some air-defense research which indicates a difference in the way
skilled and unskilled observers view television-type situation. displays. Unsophis-
ticated viewers tend to be stimulus oriented rather than response orierited. That
is, the unskilled observers tend to make judgrnents in terms of stimulis charae-
teristies rather than in terms of what the situation requires of them. Certain
charecteristics of compléx situations tend to be selectively ignored, fand the ob-
server concentrates on only one or two characteristics. While no sirnple guide-
lines can be presented at this time, it may be helpful to the system. designer
end trainer to be aware that there are complex relationships betwee:n the char-
acteristics of a display (number and forms of things seen) and the i -dividual's
perceptual style (how things are scanned, diseriminated and essessec . and eogni-
tive style (how perceptions are integrated and processed for a respo'-se). (3,7,8)

6.3 RESPONSE SEQUENCES

6.3.1 Generalr Seguence. of Events

The generalized response seguence for the CCTV monitor operator begins
when hefshe detects a suspicious activity or event on the displey. Usually the
operator will immediately start the videotape recorder for thie ep{-:priate camera

(end audiotape, if available] while attempting to further recog- -~  ad identify
what is actually taking place. Based upon this determination at 18 ‘occurring,
the operator next eveluates the need for a response based upc. ner knowledge
of availeble options. Those options range from minimeal respo:. ~.g-, doing no-
thing, making a brief announcement over the public address sys: t0 complex

responses involving coordination with personnel of other departm- = (e.g., police,
fire, train operations, medical, ete.). Often the detection, iderntific. _ion and -evalu-
ation functions occur almost simultaneously. The operator next c. -ies out the
response, taking responsibility for its completion unless. that respor . bility is legi-
timately assumed by another authority. After the crisis period is - ver, the opera-
tor must freguently follow-up the incident with the preperation of - written notation
“or report. In more complex situations, the operator's follow=up rec..onsibilities may
also include the preservation of videotape evidence and possible cou:"t eppearances

8s a witness to, or even a participant in, the incident.

6.3.2  Incident Recognition and Identification

Upon detecting an event that must be further examined, the operator should
start the videotape recorder (and audio recorder, if used). A time and date generator
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should be overleving its informetion on the upper or lower edge of the imege

at the same time. The operator must determine where the incident is occur-
ring, its nature and scope, who appears to be involved, and how it is develop-
ing. To aid in this function, the image should be switched to the largest avail-
able monitor. Often, thet is the one which monitors whatever is being recorded
on the videotape recorder. To help identify what is oceurring, the operator
shouid also meke use of any additional information available, such as alarms,
prior knowledge from the supervisor, and verbal reports from passengers or other
system employees. At this time, the operator should also take advantage of any
special capabilities available, such as camera pan, tilt and zoom features. In
unclear situations, an officer or other individual may need to be dispatched to
the incident location in order to make a final determination of what is taking
place.

6.3.3 Incident Evaluation

One of the first assessments to be made by the operator is whether the
identified situation is a life-endangering one. If it is, an immediate call for po-
lice response is usually appropriate. In some systems, the police will then initi-
ate and coorcdinate contacts with all other outside organizations like fire or emer-
" gency medicsil services. In other systems, the operator or his/her supervisor must
initidfte those contaects. M no life is endangered, the operator may still. determine
that a police response is needed, especially if the incident is eriminal in nature.
Other resporises, which the operator could determine & need for, include notifica-
tion of tramsit system personnel or direct contact with the passengers with no
other depar:iments involved. The .implication of all these evaluation options for
response to an incident is that pre-determined response procedures and communi-
cations link to related services and passengers are essential if the respomse is to
be most effective. For systems with small monitors (e.g., 12 inches or less), the
identification and evaluation functions can usually be aided if the scene can be
switched to a larger monitor (e.g., 19 inches) such as one used in conjunction with
the videotape recorder. CCTV systems having pan, tilt and zoom capabilities on
its cameras can make use of those capabilities to carry out these functions. (6)

6.3.4 Planned Responses and Job Aids

The more structured and pre-planned the response procedures are for each
kind of incident, the less likelihood there is of an inappropriate response by the
operator. It is helpful to have a book of prepared instructions deseribing the-spe-
cial actions to be taken for the different kinds of incidents that could be encoun-
tered. It is also helpful to have a readily available list of telephone numbers of
persons to call in different types of emergencies. For certain kinds of incidents
the operator should also have meps of the station, showing all access features,
camera surveillance zones, and other important facts. Responding police officers
also require these handy faects and should have them readily aveilable (e.g., as
part of the small loose-leal notebooks they carry with them at all times).

6.3.5 Response Authorit_v

In some monitoring systems, especially those staffed by civilian rather than
police operators, it may be necessary to notify a higher level supervisor or sworn




‘poline officer of the incident. As a result the operator may eéither relsy re-
sponse. instructions or mey hend over méenegement of the incident to thet higher

guthoritv,

€.3.8 Response to Suspeeied Criminel Aetivity =~ | ' - -

The videotape and audio recorders should be in eontinuous operation during
every sgnificant event, especiglly if a criminel incident is teking place. The
operator should be recording the event using the camera that shows the clearest
image of the suspect, the vietim, the suspected criminal sectivity, the responding
officers or civilians and the apprehension or escape process. Police procedures
and control center capabilities will dictate particular steps to be taken, such as
calling a second officer if an apprehension is taking place, using automatie gate-
locking devices to contain the suspect, stopping of elevators and esealators, closing
(or opening}.of selected doors/gates, re-directing of vehicles in the system and
using existing contingency plans (e.g., for station evacuation, bomb threats, hostage—
teking). In the events of system failures, 2ll automatic loeking devices should have
reliable (but secure} methods for manually bypassing such locks. Many trensit sys-
tems are inherently designed to make apprehensions relatively easy, simnce they typi-
cally restrict escape to the exit gates or to tracks and guidewsays. Direct communi~
catiog ‘between the CCTV operator, or someone (like a desk officer) with the same
monitor coverage as the operator, and the responding police officer is essential if
accurate information for apprehension is to be made available rapidly: and if escape
is to be prevented. (6)

6.3.7  Availability of Responding Officers

" When an officer is on patrol at the station, the operator (or superior offi-
cial) must establish radio, telephone or public address contact with him/her and
direct that officer to the incident location. When the station is pert of a multi-
station patrol area for the officer, & more difficult and slower sequence may re-
sult. Good communication facilities are essentizl, and the contacted officer must
then use his own resources in getting to the scene as quickly as possible. In some
systems, where the transit vehicles are used to conduct the psatrol and long head-
ways eie sometimes in effect,.it may take considerable time (20-30 minutes) to
reach the scene. Often, the use of a radio patrol car {or even a helicopter) travel-
ing between stations can reduce that response time significantly. This may or may .
not be adequate, depending upon the incident in progress (e.g., rape vs. purse snatch-
ing). The operator should know vehicle schedules and the location of ell pdlice offi-
cers and transit personnel in the system. More or less complex and sophisticated
techniques are available to accomplish that purpose (from simple phone~in to costly,
automatie radio transponder tracking). Considering the countermeasures potential of
the CCTV surveillance system and rapid communications technigues, everything possi~.
ble should be done to shorten the time required to get & police office to the scene.
Once a suspect escapes from the transit property and is on the streets outside,
local police usually must be called with & deseription-to a&id in the apprehension.

6.3.8  Inhibiting Effect of CCTV on Responding Officers

With the prevailing concern over charges of "police brutality,™ sore police
officers making an apprehension in a eriminal incident hesitate to use necessary
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foree to subdue & resisting suspect, if thosé officers know they are being ob-
served on camera and being videotaped for possible evidence purposes. This
could result in injury to officers and others. Police administrators should re=
mind police officers of their right to use whatever force is necessary to arrest
the resisting suspect. , -

6.3.9 Direet Contact Responses Between Operators and Passengers

In cases where the operator is to respond directly with passengers or
suspects, the use of a one-way or two-way audio system is generally necessary.
This can be one that is non-private (e.g., the Public Address System) or it can
be private (e.g., the Passenger Assistance Telephone) One way of establishing
contaet with a specxflc passenger is to use the public address system to direct
that. individual to go over and pick up the passenger assistance telephone {e.g.,
"That man in the leather jacket who just cocked the turnstile, please go to the
wall on your right and pick up the yellow telephone™. A firm, but polite dis-
cussion can then be carried out to find out what the problem is and to direct
subsequent praper action. In other cases, such as if a person goes onto the
tracks or guideway, the one-way public system may provide the only immediate
response capability. The public address system can also be used to signal police
officers (using codes or calls to the telephone) if no radio is available for that

purpose.

Depe:nding on the transit system design and the purpese of the CCTV
operation, many other interactions can take place between operators and pessen-
gers. Some: of these interactions would have more to do with passenger con--
venience services than with security or safety. For example, passencers mey
call to reguest directions for reaching their destination or to report a lost child.
Pre—planned procedures may be necessary for some of these types of inquiries or
services. (3) ,

6.3.10 Response Failures Due to Lack of Confidence

It is essential that operators develop confidence in the surveillsnce systems
and the organizations responding to it. That confidence can be seriously diminished
by excessive equipment failures, false alarms, undependable individuals needed to
aid the response, inadequate support and follow-up resources or other reasons. For
example, & major department store in a very large Eastern city recently ‘suffered
an unrecognized after-hours burglary in its jewelry department, despite its  CCTV
monitoring system. The perpetrators had simply turned the cameras to look at the
ceiling. The security force assumed that this was just & continuation of a recent
series of camera malfunctions end chose to do nothing about the inappropriate
images on the television monitors. Even the best system is likely to suffer similar
costly consequences if the attitude and confidence of its operators is poor.




8.1 LIFE-CYCLE COSTS

8. COSTS

8.1.1 General

To aid the reader in calculafing the costs of a potential CCTV transit

station security system, this chapter identifies typical categories of costs and

provides some representative dollar fxgures of possible items for which one must
pay. It is concerned only with economie costs. In the earlier chapter on system
evaluation, non-economic (e.g., social and political) costs were addressed, and
those also shou!d be kept in mind.

Depending on size, pricing policies, construction requirements and many
other factors, a CCTV transit station security system can have a purchase cost
of anywhere from $1,500 to $20,000 per camera/monitor installed. For example,
a very low cost, recently installed system covering a single platform, a waiting
room snd a ramp area, using eight monochrome cameras and eight 10-inch moni-
tors, an automnatic sequential switcher, a videotape recorder and 17-inch monitor,
a-4two-way audio system, and no special instaliation problems, at low prices based
on authorized Federal supply s¢hedules (General Services Administration), actually
was purchased for about $12,000 ($1,500 per camera/monitor). This is considered
an unusually low cost, and should not be the expected purchase cost of most
systems. It is also essential to note that many other development, operation,
and meintenance costs are incurred, which could easily and rapidly exceed the.
purchased equipment costs: This chapter provides some perspective on all of
those c¢ost components. ' - -

- 8.1.2 Cost_of Ownership -

To establish a comprehensive framework for estimating all economic costs,
the life cyele of a transit system can be used to define a series of stages, and
then costs can be computed for each stage. The life eycle of a transportation
systemn has been classified by others, and is depicted in Table 8-1. Most "advanced"
transit systems will go through all of these phases. "Conventional" systems will
require little, if any, RDaD, and "revolutionary" systems generally will be con-
fined to RD&D until they probably become "advanced" systems. The CCTV secu-
rity system planner must determine which stages of the life eycle are relevant
to his/her cost computations. In most instances, it is expected that the Acquisition
ard Use periods would include the applicable cost categories. (3, 5, 6)
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TAELE 8-1. LIFE CYCLE OF A’ TRANSIT SYSTEM

‘ Periog Phese ’ _ Stege |
Resegrch, Design | Novel System : Concept Formulation and .
and Devejopment | Development ;| Definition ]
(RD&D)

Technology Development
i and Demonstration
Acguisition Revenue Concept Selection
SEirj:rti?lrenerin System Definition and
gIneering | planning
Detail Design and
Development
Property Construction, Fabrieation,
Development Assembly, Test and
' | Checkout
Use Operation Operation, Maintenance,
a , Modification, and Removal

Within each category one must consider the costs of purchased items
(equipment and materials), labor (designers, operators, technicians, and other
system employees), travel expenses (transportation, per diem, etc.), outside
services (consultants, ete.), and any other miscellaneous expenses {e.g., leesed
items). One possible way of classifying those costs is in terms such as shown

in Table 8-2. Obviously, each planner or designer will be subject to the general.’

planning and budgeting practices followed in his/her agency.

TABLE 8-2. COST FACTORS IN EACH STAGE OF THE LIFE CYCLE

1. One-time costs, such as purchased equipment. These costs can often
be depreciated or amortized over the useful life, in &cecordance
with generally accepted accounting principles. They include office
equipment as well as CCTV apparatus. Upon system removal,. a .
scrap value credit may be realized. : o

2. Fixed costs, such as needed to maintain and operate the activities at
any stage of the life cycle. They include wages, employee bene-
fits (holidays, insurance, ete.), utilities, insurance, leasing and
renting costs. These costs can increase if the gross activity
ievel requires more permanent personnel.

3. Variable costs, which are incurred in accordance with mctivity level at
any stage. They include repair and replacement costs, office
supplies, etc.

4. General and administrative expenses, which are allocable to the system
activity in accordance with generally accepted accounting
principles.

110
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Kaiser Engineer-s California e

Kaiser Enzingers ICa‘crmea Corporauion

A Subsiziary -aa-—"i‘.taserEngmeers inc Job #: 81152-403
PR T .'.' ~ :' o ‘:: \oor‘ v - B\TBS ##: 14 CAC

DECEMBER 21, 1982

- MEMORANDUM TO: W. J. Rhine

FROM: P. M. Burgess WM“’

RE: ALTERNATIVE ANALYSIS -- COMMUNICATION SYSTEM

This is in response to a December 20, 1982 request by your
staff to write you a memo to be 1nserted in the appendix of
our revised WBS #1& CAC report. The desired purpose of the
memorandum is to confirm that alternative analysis work, on
the subject of controlled aperture CCTV for dimly-lit axeas
versus highet illumination, was suspended after the technology
assessment phase of the alternative analysis showed that
moderately priced cameras are -available with aperture control
rarige that precludes the need for extra illumination.

On March 17, 1982 we confirmed, by memo, that we would evaluate
six communications alternatives under task WBS #l14 CAC. On
June 14, 1982, we included the controlled aperture CCIV alter-
native in a composite list of alternative analysis subjects
that we had analyzed or weére continuing to analyze.

On April 27, 1982, we discussed with Metro Rail staZff
summarized results of the analysis work completed t o that
date. Our May 28, 1982 memo to you advised that w had
suspended the TV camera aperture control altermati 2 amalysis
because we had verified that a readily available, : zasomably
priced, general purpose camera with automatic ligh compen-~
sation would accommodate the range of minimum emer sncy -
lighting to maximum 1llum1natlon for passenger station appli-
cation.

Our July 19, 1982 WBS #14 CAC draft report summarlzed,the
analysis work that had been done and the significant results
and conclu51ons

As requested, we will append these written communicatioms to
our WBS #14 CAC final report, including a copy of Chapter VII
of our draft report.

cec: C. Fisher
D. Wellington
A. Adela
D. Schuler

PMB/lm - GT_ 2
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ENGINEERS
. KAISER ENGINEERS, INC.
. . 425 SOU‘I’H MAIN STREET
. gth FLOOR
_oune 14, 1982 | imresoomen
File: 81152-100
WBS- 11DAF A/2439
MEMO TO: W. J. Rhine
FROM: P. M. Burgess MW/M
SUBJECT: Composite List of WBS 14 Alternatives*

Following is a list combining the eight separate lists of
_alternatives égi; I forwarded to you with elght memoranda

all dated 1982. This composite list is being prepared

as a convenient reference document for use in keeping track of

alternatives that have been deferred or eliminated during the

alternative analysis work and for keéping track of changes in

terminology.

This is a Basic Data Subject

I *

PMB:mea
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oap =
) f“m 7s.
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A RAYMOND INTERNATIONAL COMPANY
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ALTERNATIVES

: _ Date Delivered
Passenger Vehicle WBS: 14CAA . crt Margh'l7, 1982

l. vehicle Configuration ‘
A. Semi-permanent dependent palrs (shared egquipment).
B. Quick separable dependent pairs (shared equipment).
C. Double-ended single cars {controls each end).
D. Slngle—ended sxngle cars (controls one end enly). -

2. AC (60Hz and 400 Hz) vs. DC Aux111ar1es.
3. Chopper vs. Cam Controller. .
4. Disc vs. Tread Brakes (or both). e

- Wheel Diameter (28 lnch minimum to 34 1nch maxlmum)

6. Roof Vs. Undercar Alrcondltlonlng.

- 7..‘Mate;1a1_and Structural (steel, aluminum, or cembinatiom}. ... -

Train Cont¥ol . ¥ ° ' * wBS: -14caB’ . .= . .7 March 17, 1982 *
- 1. Reverse Running: . _— o
' A, Full protection for close’ follow1ng moves.: . R Y
B. Headblock to headblock with no following Nioves betweem ~ =~
1nterlock1ngs._ P

2. Automatic Vehicle Identification: = - -° "% -7 S
A, Passive - intermittent (only reads labels for vehicle SR
and traln lnformatlon) g C _,:_J_;f_ ST

B}“_Actlve - Also lntermlttent ‘But can be used for- Lo
l. Automatic track switching. : -
2. Control of station destination signs. o
3. Control of train arrival and boarding Iocatlon T
lndlcators.

3. Central Control' S ) o P ::-'. . E . V -
A. Mimic Panel vs. banked CRT dlSplay. ' ' o
B. Operator lnterface via CRT vs. control consdle.

4, Platform Traln Destination Slgns-
A. Signs triggered by wayside AVI. : ‘ -
B. Signs controlled by Central CPU (p0551b111ty of having -
‘equipment cost underwritten by advert151ng}._ o
C. No platform dest;natlon signs.

5. Scope of Starter Llne ATO:
A. Automatic speed regulation.
B. Programmed station stops.
C. Automatic station dispatching.
D. Automatic door closing.

G- 4
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Communications WBS: 14CAC March 17, 1982
4C -

1, Vehicle radios fixed or removable, as in a combination
having an installed handset. )

2, PABX, maintenance and emergency telephone systems, separate
or combined employlng common eguipment.

3, Lease vs. purchase of telephone systems.-

4. Controlled aperture CCTV, for dlmly llghted areas, vs."
higher illumination.: . . oL Lol :;?:

5,'-TV monltors sequenced or split screen, “or comblnatlon. _

6. Cable transm1551on via fiber optlcs, vs. multl—conductor
cable, VS coax1al cable. Ce s LrlnTol om0

‘Mérénllv 1982

- Electrlflcatlon'System T WBS:. 14CAb1i}@T*”

Traction ?ower : . ST -
l. Substation- conflguratlon single unit vs. double unlt

2. Substatlon spacing and location at passenger statlon VS. S ,
intermediate other 1lOCations. - clemn s vam ool o ST BT LITLILLT

3. Substation cooling system, self-coollng VS. forced coollng, TE
' dry vs. lquld.-' RN L P

rall w1th extruded alumlnum sldes.eﬁ,mJ:m

'5. Swatchgear oVerload protect;on, breakers vs,”fuses._r
6. Cable and raceway system in tunnel exposed conduit ys.:embedded.

Auxiliary Power WBS: 14CAD12 S March 17, 1982

1. Prlmary power supply integration with tractlon power vs.f
separate feeders from utlllty company

2. Secondary power distribution, radlal VS. dual selectlve. )
3, Emergency standby power supply, DG/UPS vs.. turblne-generator/UPS."

4, Tunnel lighting flxture, fluorescent vs. 1ncandescent or'
high intensity discharge, '

5. Secondary distribution equipment panelboards vs. switchgear. =

6. Secondary distribution transformer, llquld vs. dry, self-cooling
vs. forced cooling. .

7. Low voltage switching system, large ACB vs. fuses, 1nsu1ated case
ve. fuses, molded case vs. fuses, drawout vs. fixed.: :

& -5




Page 3

Fire Collection WBS: 14CAEll ' March 17, 1982

1. Self service vs. barrier.
2. Plat fare structure vs. graduated.
3. Bus fare compatibility.

4, B8pecial fares capability.

AﬁxiiEAfi véhiciés'l: . WBS: 14CAE13 '”f‘_ “Mareh 17, 1982 .

1. B8elf propelled malntenance and service vehlcles Vs locomotlve .
- and unpowered vehicles. (Types of self-propulsron mlght
' be 3rd rarl dlesel or both)

2. Rall grlndlng and track alrgnment equlpment procured durlng S
construction or deferred. (Equipment could be purchased or f,“-
leased; it will be needed before start of revenue operations. e

”'and agaln after approxrmately two to five years of operatron).rum .

Escalators;and Eierators WBS:. 14BAG_} P —Harch,lT; 198iiifi

Escalators . , R
1. One standardized width for all stations vs. sized according . ..
to projected patronage. o T

S 2. Treadle operated vsS. supervrsed startlng and stopplng.; :

3.7_Long escalators vS. segmented desrgn.

4;¥lInc11ned mov1ng’sxdewalk vs. escalator for short rlse-_"?;

Elevators
1. No laternatlve developed 1n WBS 14BAG.

Vehicle Malntenance >

’ShopﬁEqulpment " WBS: 14AAG11! _~-r{"f"" March 17 1982

l. In-floor vehlcle hoists vs. portable jacks for llftlng
vehlcles '

2. Shop‘stinger system vs. self-propelled car switcher}f
3. Shop.lubrication-system vs. portable lub carts.
4. S8Shop air system vs. electric powered tools. -

5. Lathe vs.lmllling method for wheel truing.
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INTEROFFICE MEMORANDUM

P. M. Burgess , DATE March 22, 1982
el DT rmeM A B Adela, J{?’S/
LT A DD =

R aT- OB 601 - Oakland

108 No.  81152-403

SUBIECT

RTD METRO RAIL PROJECT
COMMUNICATION SYSTEM

Attached is an outline for WBS 14CAC Deliverable to be prepared. This
outline will be used unless a standard format has been prepared. I
also would like to amend the alternatives previously sumitted to .-
delete the following:

1. 1 footcandle level of lighting as agadinst aperture control
of TV cameras for higher FC light level.

There is no operational and cost difference involved. The
type of camera with automatic light compensation applicable
for 1 FC and 2 FC or more is the same. General purpose
cameras will be used with options. The ranges are as

follows:
Type of Camera Sensitivity = ' : -
Ganeral Purpose IFC - 100 FC Suoues #Ead (/ Fc - /OOOFC)
Coereacnod Pre Tele (twz W/ Jou 4
Normal Light Range 0.1FC - 1FC ///
Gon,
Low Light Level 0.01FC - 0Q.1FC

Very Low Light Level 0.001lFC - 0.01lFC

2. Masterclosk programmable agiinst non-programmable control unit.
There is no considerable difference in the functions required.
Programmable control units are more complex and expensive as
against a non-programmable. The following features envisioned
to be required for the Hhsterclock System are standard to both
types.

1. Central reset

2. Hourly correction

3. Instant reset after power failure

4, Pre-set timer for standard and daylight savings time
5. 12-hour correction

Please advise if.yoﬁ or the clients disagree with this motion, otherwise,
we will proceed as outlined.

Ispt.
attachment

%h
-
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To P. M. Burgess : . oare April 27, 1982

. KE - Los Angeles )
rrom A, P, Adela, Jr. Y

- . , . o \
COPIES TO Ed Freeman, UII . ;:j\\
N "0B-601 .

soewo. 81152=-403

cussecy  COMMUNICATIONS SYSTEM
‘ WBS 14 CAC DESIGN ALTERNATIVES

This is to confirm our recent meeting with the client Tegarding
the various design-alternatives to be evaluated.

1.. Radio Service - Péssenger Vehicle

a. Fixed

b. Removable
1. Non-operable
2, Operable

2. Telephone Service
Equipment Configuration

| . a. PABX, PAX and Emergency Telephones as separate equipment.
: b. Combine two or three services in one common equipment or
dnstrument

Method of Acqu;sifion:

a. Lease
b. Buy

3. Closed Circuit Televiegion tCCTV)

a. Sequencer
b. Split Screen
c. Combination

4, Cable Transmission Service (CTS)

a, Fiber Optics
b. Paired Cables
C. Coaxial Cables

The following criteria has been evaluated to further enlighten
the reasons for dropping the alternative for CCTV on the aperture
control as against the light level.



P. M. Burgess L -2 - A, P. Adela, Jr.
KE - Los Angeles April 27, 1982

l. The requirements for emergency lighting are prirmarily

" established by NEC and Section 5 of the Life Safety Code
(KFPA 101), which states that the light level shall not
be less than 1.0 foot candle measured at the floor.

2. The locomotive headlights classified by the Federal
Failroad Adwministration are classified as road service
giving 800 ft. object visibility. Each lamp projects a
beam about 5 degrees wide of 300,000 candelas.

Using a 10 ft. disfance from the light to camera lems, with
direct exposure, the vertical 1llumination level will be;

FC = Candlepower x sin €
Distance Squated .
= 300,000 x sin 5° = 26147 = 561 FC
102 100

3. » Although the calculated illumination level is high, the
tamera lens won't be directly exposed to the headlight.
The actual light level will just be a spill from the 261 FC.

4. As previously mentioned in my memo of March 22, 1982, the
general purpose camera with automatic light compensation
will be able to handle the minimim ewergency lighting level

~of 1.0 FC and a maximum of 1000 FC.

APA/Jln . .
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. . Flle. - 81152-403 -
WBS:  14CAC A/2439
MEMO TO: W. J. Rhine - ’/7
FROM: P. M. Burgess /_//‘f"/
SUBJECT: WBS l14CAC Telephone lLease vs Buy

Alternatives Analysis

A meeting was held June 25 between representatives of Pacific
Telephone, Kaiser Engineers and your staff to obtain telephecne
leasing information for our lease vs buy alternatives analysis.

We were informed by the telephone representatives that a
recent anti- tu st court ruling against the telephone company
preclufies any gurantee that Pacific Telephone will be in
the leasing bus;pess during the time we will be procuring

" telephone services or eguipment. Therefore, as discussed with

Jim Trani and Mike Becher, we have discontinued the analysis
.of -the lease versus buy alternative.

We plan to address the lease ¥s buy subject again in WBS 16CAC
" work when we expect to have more definite information regarding
the possible deregulation of communication utilities and its
effect on leasing vs. owning options.

Our WBS 14CAC Alternatives Analysis report will include a
narrative of the previous work that was done on this alterhative
subject.

Coincidentally the report will briefly address the siubject of T.V.
Camera aperture control versus increased illumination on which

we suspended the analysis because our technology assessment

showed that moderately priced cameras have recently become
available with -aperture. ¢control range that precludes the

need for extra illumination.

O PMB:mea

A ~ilo

A RAYMOND INTERNATIONAL COMPANY
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70‘2

7.2.1

7.2.2

7.3

CHAPTER 7

CLOSED CIRCUIT TELEVISION APERTURE CONTROL EVALUATION

INTRODUCTION

The intent of this analysis was to assess the capabilities of

.current CCTV camera lens technology for providing good TV coverage

of areas where illumination levels differ widely, as they do in
transit system stations and yards. The analysis was suspended after
the initial technology assessment showed that moderately priced
cameras have recently become available with aperture control range
wide enough to accommodate the entire range. Following are details
of the information obtained and the results concluded.

DESCRIPTION OF ALTERNATIVES

1.0.Footcandle of Lighting

According to the Life Safety Code, 1.0 footcandle should be the
minimum level of lighting for emergency purposes. Camera lenses
should conform to this lighting level to provide clear and usable
images.

Higher Level of Lighting

Normal lighting in stations and concourse areas is maintained at a
level of 100 to 200 footcandle. The cameras intended for these
areas do not requite highly sophisticated control functions as long
as the lighting levels are maintained.

RESULTS

The requirements for emergency lighting are primarily estsblished by
NEC and Section 5 of the Life Safety Code (NFPAlOl), which states
that the light level shall not be less than 1.0 foot footcandle
measured at the floor.

The greatest amount of localized light intensity that can be
expected in a transit trainway is that of a locomotive headlight.
These are classified by the Federal Railroad Administration as road
sexrvice headlights giving 800-ft object visibility. Each lamp
projects a beam about 5 degrees wide of 300,000 candles, which
converts to 261 footcandle as shown below.

& - |



Using a 10-ft distance from the light to camera lens, with direct
exposure, the vertical illumination level will be:

candlepower x sin (théta)

fc =
distance squared
300,000 x sin 5° 26147
= = . = 261
102 100

Although the calculated illumination level is high, the camera lens
will ‘not be directly exposed to the headlight; the actual light
level will just be a spill from the 261 footcandle.

The type of camera with automatic light compensation applicable for
1 footcandle and 2 footcandle or more is the same. General purpose
cameras, with options, will be used. The ranges are as follows:

Type of Camera Sensitivity
General purpose 1 f¢ = 1000 fc
Normal light range 0.1 fc = 1 f¢

Low Iightrleéel 0.01 fe - 0.1 fc
Very low light level 0.001 fc - 0.01 fc

g-12
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TELEPHONE LEASE VS. BUY EVALUATION




KAISER T Lad
ENGINEE - e ®
_ ERS _— AAT 7 o
KAISER ENGINEERS. INC. L4
425 SOUTH MAIN STREET A
Gih FLOOR .
LOS ANGELES. CALIFORNIA 90013
May 28, 1982 . TELEPHONE: i213) 9728033
- : File:  81152-403-
WwBS:  14CAC A/2439
MEMO TO: W. J. Rhine A A
_ Ak
FROM: P. M. Burgess X /00375‘”“”/
SUBJECT: WBS 14CAC Telephone Lease vs Buy

A meeting was held June 25 between representatives of Pacific
Telephone, Kaiser Engineers and your staff to obtain telephone
leasing information for our lease vs buy alternatives analysis.

We were informed by the telephone representatives that a
recent anti-turst court ruling against the telephone company
precludes any gurantee that Pacific Telephone will be in
the leasing business during the time we will be procuring

" telephone services or eguipment. Therefore, as discussed with

Jim Trani and Mike Becher, we have discontinued the analysis

. of -the lease versus buy alternative.

We plan to address the lease ¥s buy subject again in WBS 16CAC
work when we expect to have more definite information regarding
the possible deregulation of communication utilities and its
effect on leasing vs owning options.

Our WBS 14CAC Alternatives Analysis report will include a
narrative of the previous work that was done on this alternative
subject.

Coincidentally the report will briefly address the subject of T.V.
Camera aperture control versus increased illumination on which

we suspended the analysis because our technology assessment °
showed that moderately priced cameras have recently become
available with aperture. control range that precludes the

need for extra illumination. '

H-2
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6‘.2.1

6.2.2

6.3

CHAPTER 6

TELEPHONE SERVICE

LEASE vs. BUY EVALUATION

INTRODUCTION

'In this alternative, Kaiser Engineers was to analyze leasing

and purchasing options for the telephone equipment.

DESCRIPTION OF ALTERNATIVES

Lease

Leasing the PABX and PAX main frames, including lines and telephone
instruments, 1s the current trend of major business industries.
This equipment, installed on the Metro Rail premises according to
the Metro Rail system specifications, will be furnished and
maintained by the local telephone company.

Buy

This alternative presents an advantage to the Metro Rail system in
purchasing the telephone system, bécause it could be precisely
engineered and specified to meet specific requirements.

RESULTS

A preliminary functional specification was prepared by Kaiser
Engineers and presented to the telephone company for a lease
quotation. A meeting was held at the Metro Rail project premises
and was attended by representatives of Pacific Telephone, Kailser
Engineers, and the Metro Rail Project staff.

- A recent antitrust court ruling against the telephone company

precludes any guarantee that Pacific Telephone will be in the
leasing business when the telephone system for the Metro Rail
project is installed. As a result of this discussion, the analysis
of this alternative will not be included in this report until more
definite information is gathered.



