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S 
EXECUTIVE SUMMARY 

The purpose of this tiork element is to enable the Metro Rail P±oject staff 
to select preferred design alternatives for the coimnunications system and 
its major components. This report includes analyses of the alternatives 
and recSmendations for vehicle radio service, telephone serviàe-, closed 
circuit television (CCTV), and cable transmission service (CTS). 

Originally, two other analyses were to be included: at analysis Of 
lease-vs.--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 rèpreentatives 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 apetbn 
control was discontinued after a technology assessment showed that 
moderately pr-iced cameras meet-ing the video requirements with relatively 
wide-range automat-ic apertu-re control have recently become available. 
Thus, one camera design is suitable for all station re4uirethents, without 
the need for extra illumination (see Appendix. G).. 

The methodology used in the analyses compares the total annual cos of 
each alternatite, including capital, thaintenance, and operating costs. 
Annualized capital costs were develop.ed on the assumption that money can 
be borrowed for 32 years at 12% 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 sutmnarize the results of each alternative aalysis-. 

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 corunicate 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 fran the vehicle raises concerhs that need to be addressed 
in detailed deèign. The removable nondperable radio has the sathe 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 removable operable radio is reconended for the MetrO 
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Rail System at this time. }owever, it is also recommended that the 
current PATCO system, which is similar to the remoable operable 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 exchanges1 two combined exhanges, and one combined 
xchange. (Telephones for emergency calls by patrons are separate.) The 

one combined exchange configuration has a 24% savings in annual equivalent 
costs over three separate exchanges, and a 15% savings over the two 
combined exchanges configuration. Thus, the one combined exchange 
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 mdnitoring.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 than split-screen sequelicing 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 fullest 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 re4uire continual surveillance. Ths, a 

cdmbinati6n of multiple cathera sequencing and dedicated monitoring might 
be most effect-ive. 
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Table A 

* 
COST SIThII1ARY OP COMMUNICATION ANALYSES 

VEhICLE RADIO SERVICE 

onremovable Radio 100,350 
Removable Nonoperable Radio 90,327 
Removable Operable Radio 74,153 

TELEPHONE SERVICE 

Three Separate Exchanges 166,400 
Two Combined Exchanges 140,900 
One Combined Exchange 1Z6, 600 

CCTV MONITORS 

Multiple Camera Sequencing 962,907 
Split-Screen Project-ion I ,503,435 
Spi-it-Screen Sequencing 923,218 

equivalent cost in 1982 dollars. .......... ........... 
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Chapter 1 

INTRODUCTION 

1.1 BACKGROUND 

In WES element 14CAC, Kaiser Engineeré' contractual responsibility 
was to develop engineering analyses, conclusions, and: recom- 
mendations pn the altertatite characteristics of the öounications 
system where several options are available. ici was to analyze the 
alternatives, reporting- on the following: 

o The most cost-effective components 

o Differences in performance characteristics and operating 
experience 

o Any problem areas for SCRTD application 

-- 
It was recognized that some design options would have .a inajor 
impact on the Metro Rai-1 System's and the coication system's 
effectiflness, while others would have only minor impact, or no 
impact at. all. RE was to analyze only those items that would have 
a major impact on the corunication system andfor the Metro Rail 
System. 

RE prepared a list of candidate design alternatives which was 
influenced by the District-furnished list of Metro Rail Project 
Alternatives, dated December 30, 1981. At a meeting on 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 

o Closed circuit television monitors 

o Cable transmission system 

o Controlled aperture cameras 

o Lease or purchase of telephone system 

The first four pf these items became the framework for ICE's work 
effort in WBS 14CAC, and are disussed in Chapters 2 through 5 of 
this report. The last So items ate cotered in Appendice.s C and 
H. 
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1.2 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 Di!trict to make the most beneficial choice from among the 
alternatives. 

The output of WBS I4CAC 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 1485 16CAC. 

1.3 SCOPE 

The following paragraphs summarize the general scope of the 
alternative analtses cotered in ChaptEts 2 through 5. 

1.3.1 PassengenVehicle Radio,,Seryice Analysis. 

Alternatives studied: 

, o Nonremdvable tehicle radio with portable operator's radio 

o Removable nonoperable radio with portable operator's radio 

0 Removable opetable radio 

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

1.3.2 Telephone Service Analysis 

This analtsis studied methods which coul,d be used to provide the 
three telephone functions: administrative calling, maintenance 
calling, and emergency calling. The following alternatives were 
studied: 
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o Three separate exchanges 

o Two combined exchanges 

o One crnbined exchange 

1.3.3 Closed Circuit Television (CCTV) Monitor Analysis 

Alternatives to be studied: 

o Multiple camera sequencing 

o Split-screen projectidn 

o Sequential split-screen projection 

Initial screening of the alternatives determined that the 
"dedicated monitoring' alternative, which requires one TV monitor 
for each camera, would be too expensive. 

1.3.4 Cable Transmission Service CTS) Analysis 

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

1.4 METHODOLOGY 

KE made an analysis of the alternatives under consideration. The 
following list was developed to define those areas which would 
show critical differences beteen the alternatives: 

o Capital Costs 

o Operating Costs 

o Maintenance Costs 

o Annual Equitalent Costs 

o Technical Risk 

o Availability 

In some instances, other qüalitatite factors which showed major 
differences between the alternatives were also included. The 
methodology section of each chapter details the addition or 
deletion of any evaluation factor. 
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1.4.1 Design Assumptions 

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

o SCRTI) Metro Rail Project Architectural Standards for 
Communication 

o SCRTD Metro Rail Preliminary Operating Plan and Design 
Criteria 

The particular design assumpt-ions used for each analysis are 
listed in each chapter. 

1.4.2 Pertinent Literature 

In order to obtain the latest information on communication 
systems, a literature search was made. Vendors were contacted and 
applicable reports1 papers, and equipment specifications obtained 
and tetieed. Kaiser Engineers' ±éports on other transit systems 
were reviewed for any data that would apply to thc Metro Rail 
System. For details, see Appendix A, Bibliography. 

1.4.3 .Vendors, Users, and Associates 

Interviews were also conducted with the following: 

o Equipment manufacturers 

o Personnel at existing rail rapid transit systems 

o Telephone company personnel 

o Enginering associates in the rail rapid transit field 

For a complete listing of users, vendors, and associates; see 
Appendix B, List of Sources. 

1.4.4 Calculations 

Cost comparisons were based on preliminary estimates; these costs 
will be further developed in later work elements. The cost 
analyses include anilualized 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. 
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Other cost values used in calculations were: 

0 Energy cost $0.07/kwh 

a Operating labor rate $18.00/hr 

o Mainte nce labor rate - $19.30[hr 

For tore details regarding calculations, see Appendix C, 

Calculations. 

1.4.5 Appendices 

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

F. Information on two analyses that were discontinued is included 
in Appendices G ad H. 
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Chapter 2 

MSSE&CER VEHICLE RADIO SERVICE ANALYSIS 

2.1 INTRODUCTION 

The purpose of this study is to determine the optimum configura- 
tion fo± 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 continUous commUnicatidns with Central Cdntrol on the 
mainline durinE revenue operation and with yard control when 
entering or leaving the yard and operating within the yard limits. 
Additionally, the vehicle radio service will be required to 
provide communications c*pabiltt at ant other locatiOn on or near 
the train. 

2.2 DESCRIPTION OF ALTERNATIVES 

In all three alternatives the control head al-lows 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. 

2.2.1 Nonremovable Radio (Alternative 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 coutmications tThile aiay 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 Equipment: One handheld-type radio per train. 
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2.2.2 Removable Nonoperable Radio (Alternative 2) 

In this alternative, the tranthnitter/teceiet 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 coimnunication capability while swat from the cab. The 
following equipment is required: 

o A-Car: Quarter-wave antenna installed on tp of the car, 
enãbdér, control head, powCt supply, microphone, and 
speaker. 

o B-Car: Same as A-car except no p6wer supply. 

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

2.2.3 Remotable Operable Radio (Alternative 3) 

In this alternative, 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 oh Figure 2-3, is rC4uired: 

o A-Car: Quarter-wave antenna installed on top of the car, 
encoder, control head, battery charger, power süppl, 
60-watt linear atplifier, rnicrohone, 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. 

2.3 APPLICATION HISTORY 

WATA, 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 rèno'able nonoperable tadio 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 tadio in each car of each dependent pair. 
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4$ 2.4 METhODOLOGY 

The basic quantitative and qualitative evaluation factprs 
discussed in Chapter 1, Section 1.4, are used in this analysis.. 

2.4.1 Design Assumptions 

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

o Alternatives 1 and 2 have 6-channel capacity with a rated 
pawer output of 60 watts. 

o 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. 

4$ .o A maximum of 19 6-car trains (114 cars total) will be 
operating dü±ing 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 hoursfday x 365 days 
= 7,300 hours. 

o Portable tránmitter/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. 

2.5 RESULTS 

2.5.1 Capital Costs 

The capital costs are systenmzide. 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 assignments to a train 
operator. One charger is required for Alternative 3 tO charge the 
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portable units which are not assigned to train 

4$ operators Those assigned to train operators are charged while 
they are plugged into the train Units. 

4$ 

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 $64875 are 
required. 

B. Removable nonoperable radio. A removable transmitter/receiver 
will be ±eqiiirèd fat each 6perating 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 tra-in, 25 units at $2,595 each or 
$64,875.; One hundred forty-two of the permnentiv installed 
section of the radio are required at $455 each or $63,190. 

Table 2-1 

CAPITAL COSTS 

(1) (2) (3) 

Equipment. Nonremovable Removable Removable 
Radio Nonoperable Operable 

Radio Radip 

Permanently installed 
radio equipment 178,565 63,190 63,190 

Portable radio unit 64,875 64,875 64,875 

Portable nonoperable 
transmitter/receiver - 53,400 

Battery charger (3 units 
for complete system) 1,080 1,OBO 360 

TOTAL CAPITAL COStS $244,520 $182,545 $128,425 

ANNUALIZED CAPITAL COSTS $ 30,144 $ 22,504 $ 15,832 

* Iñstállátiori costs 6! pitmanently mounted e4uipment are essentially equal 
for each alternative and are therefore not included. 
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25.2 Operating Costs 

Operating costs are shown in Table 2-2. 

A. Energy. There1are 59,830 annual operating train hours for the 
Metro Rail System. A 110% factor is assumed to allow for gap 
trains and wait time before and after runs (59,830 x 1.1 = 65,813). 

1. Nonremovable 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' 
infotiñátion, the pd*er 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 & watt radios, 60 watts were subtracted 
from the 60 watt radio power consIimption 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.. Sincetrain 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 hate 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-dUt on a 
daily b.asis is 2 hours total per unit per week. Therefore, this 
annual labor cost would be: 

2 hours/week x 52 weeks x 19 Units 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, WES 13 BAA. 
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Energv* 

Administration (check- 
in and check-out) 

Table 2-2 
ANNUAL OPERATING COSTS 

(1) (2) (3) 
Nonremovable Removable Renovable 

Radio Nonoperable Operable 
Radio Radio 

2211 2,211 1,935 

Removable nonoperable 
transmitter/receiver - 3,814 - 

Re&ovable operable radio - - 38,137 

Portable radio 38,137 38,137 - 

ANNUAL OPERATING COSTS $40,348 $44,162 $40,072 

2.5.. 3 Maintenance Costs 

For the purposes of evaluating the three alternatives, the cost of 

an annual maintenance cont-ract 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 MAINTENANCE COSTS 

(1) (2) (3) 

Nonremovable Removable Removable 
Radio Nonoperable Operable 

Radio Radio 

Service contract 
1 

with radio vendor $24,452 $18,255 $12,843 

of portable 
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 equipment (control 
head, microphone, and speaker) are included with the train PA system, are 
very low, are virtually identical for the 3 ilternatives, and are there- 
fore not considered here. 

.t*See Appendi D, Radio Service Data, Maeting Minutes with Getieral Electric, 
May 25, 1982. 

1 
Service contract with vendor includes all labor and spare pirts costs, 
therefore, there are no spate 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 ID, shows the atmual equivalent costs. 

Table 2-4 

RADIO CQST ANALYSIS 

(1) 

Nonremovable 
Radio 

(2) 

Removable 
Nonoperable 

Radio 

(3) 

Renovab le 
Operable 
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 $ 15832 

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 furnished with solid-state components that prbide 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 remotable radio alternatives ha'e 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 carrie,d by train operators. 
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2.5.6 Availability 

Equipment for all three alternatives is readily available, fluting 
final design the availabilitt of equipment requited for the 
selected altünative will be determined. 

2.6 CONCLUSION 

On a cost basis, the removable operable radio (Alternative 3) is 
the least expensive. However, the risks (as discussed in Section 
2.55) associated with the constant retnotal and replacement of the 
radio raises concerns that -would 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 reqUirenients. 

2.7 kECOM11ENPATIO 

It is recommended that Alternative 3 be selected for the passenger 
vehicle radio service for the Metro Rail system. Is is also 
recommended that the current PATCO system, which is similar to 
Alternatite 3 ë*cept 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 
checkin/checkout activity, minimizes the reliability/loss/damage 
problems associated with fre4uent 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 
e*amined more olosely. 

IJ 
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Chanter 3 

TELEPHONE SERVICE ANALYSIS 

3.1 INTRODUCTION 

The telephone facilities xna' be broken down into three categories 
for analvsis 

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

The first category of equipment includes telephone sets, terminal 
blocks, distribution panels, and the corresponding interconnecting 
wiring. The second category, outside cable, provides the 
conductive connectidn 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 outside cable is the 
subjèct of-a separate section of this report (see Chapter 5). 

3.1.1 FunctiOnal Requirements 

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

A. Administrative calling. This f(inction will be provided by 
telephonei lodated iii Métfo 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 telephones 
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. 
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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 wayside signals, in the fare coLlection 
areas, ventilation shafts, and in traction power substations. 
These telephones will be used for communication between 
maintenance personnel. 

a - 

C. Emetgenc calling. This function will be provided by 
telephones located on station platforms and other critical 
lotations. They will be used for calling Central Control. 
These telephone will have no pushbuttons or dials but will be 
provided with aUtomatic ringddwn sent by removing the handset 
from its cradle. 

If administratite and maintenance telephones also have the 
capability for emergenct calling to Central Control, they will 
have ringdown sent by pressing only one dual-tone inultifrequency 
(DTNF) key on the instrument. 

3.2 DESCRIPTION OF ALTERNATIVES 

The following paragraphs describe the options studied for 
telephone senice: 

3.2.1 Alternative 1: Three Separate Exchanges 

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

3.2.2 Alternative 2.:, Two Combined Exchanges 

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

3.2.3 Alternatite 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. 

3.3 APPLICATION HISTORY 

Recently constructed heavyrrail transit properties have similar 
telephone service needs as those téquired fot Metro Rail. Table 
3-1 provides a comparison of the facilities installed on MitT, 
MARTA, and WMATA. 
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Table 3-I 

COMPARISON OF TELEPHONE FACILITIES 

BART MARTA WMA.TA 

Type Automatic ringdown Automatic ringdown Press pushbutton 

Ability to 
Call Central Control Central Control Central Control 

Central None--telephones None--calls are Combined PBX 
Of f ice from each station handled by one-way 
Switchitg appear on a separate ringdown apparatus 

"press-and-hold" and appear on console 
button on console communications panel 

MAINTENANCE 
TELEPHONES 

Type Plug-in Plugrin Plug-In 

Able to P.artyon own Party on own Party on 
Communicate line line line 
with 

Central None None None 
Office 
Switching 

ADMINISTRATIVE 
TELEPHONES 

Ttpe DTMF pushbutton MM? pushbutton 

Ab i 1 
to C telephone 

Any admin. 
telephone 

DTM? pushbutton 

Central Sèpárate PEX SeTpatAté PBX COth1i1ned PBX 
Office 
Szitching 
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3.4 METHODOLOGY 

The evaluation factors discussed in Chapter 1, Section 1.4. were used 
in the analysis of the alternatives. The primary evaluatiOn factor in 
the study of the telephone service alternatives is the annual 
e4Uivalent cost. This cost is composed of two components--the annual 
capital cost of the installed e4üipment plus the maintenance expense 
of the installed equipment. 

Cost estimates for the telephone equipment are based on averaging data 
obtained from ta?ious suppliers of telephone euipment. 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 S,outhetn California. 

3.4.1 Design Assumptions 

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

A. Emeigenc telephones. Separate emergency telephones will be 
installed at public locations where required. These telephones will 
be without dials and will be provided with automatic r-ingdown to 
Central Control activated by removing the handset from its cradle.. A 
séparäte line or channel will connect each telephone to the PBX at 
Central Control, which will have access to the required number of 
answering lines at the attendant's console. 

B. Administratite 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 TIjt? pushbutton. Each telephone or jack 
location will have a separate line or channel to the PBX at Central 
Control. 

Table 3-2 shows the distr-ibution and function of the telephone 
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 

numb.er required for the -altetnative which combine 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 require.d 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. Adinin. and Maintenance 
Ringdown Telephones Telephones Jacks Ringdown 
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 

Equipmentroom 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/b stations 384 64 64 208 336 80 208 

Wayside Locations 
Signals - - - 28 - - 28 

Switch machines - - - 38 - 38 

Central Control 
2 12 Control room - 65 - _6< -1-2 

Equipment room - 5 2 32 - 
Yards and Shops 

Signal bungalows - - - 20 - - 2W S 

Yard signals - - - 35 - - 

Signal towers 3 12 3 25 - 12___ _2.&-jb 

S.& I. Shop - 32 12 - -. - 

Maintenance shops - 50 18 - - <50 - 

TOTAL Telephones & Jacks . 387 228 101 398 336 244 398 

Required PBX Lines & Trunks 387 274 599 336 770 

*Figures include an allowance for outside trunks of approximately 20% of the number of telephone lines connected excel 
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 $ 55.00 
Telephone instrument, wall-mounted1 withput 

dial for automatic ringdot 36.00 
Telephone jack 16.00 
Electronic PBX: 

100-400 line capacity, per line 450.00 
400-800 line capacity, per line 400.00 
800-1600 line capacity, per line 350.00 

Labor 
Install telephone instrument, each 50.00 
Install PBX equipment, per line 40.00 

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

* 
See Appendix E, Telephone Service Data, for backup cpsts. 
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Table 3-4 

CAPITAL COSTS 

Alternative 1 Alternative 2 Alternative 3 

Number Unit NUmber Unit Number Unit 
Required Cost Amount Required Cost Amount Required Cost Amount 

MATERIAL 
Emergency Exchange 
Ringdown instruments 387 $ 36 $ 13,932 336 $ 36 $ 12,096 336 $ 36 $12,096 
PBX line equipment 400 450 180,000 350 450 157,500 - - - 

Admin. Exchange 
Telephone instrUments 228 55 12,540 - - - - - - 

PUX line equipment 300 450 135,000 - - - - - - 

Main.fCombined Ex. 
Telephone instruments 101 55 5,555 244 55 13,420 244 55 13,420 
Telephone jacks 499 16 7,984 398 16 6,368 398 16 6,368 
PBX line equipment 600 400 240,000 800 400 320,000 1200 350 420,000 

TOTAL MATERIAL $595,011 $509,384 $451,884 

INSTALLATION. 
Telephone instruments 
and jacks 1215 50 60,750 978 50 48,900 978 50 48,900 
PUN equipment, per 
line. 1300 40 52,000 1150 40 46,000 1200 40 48,000 

TOTAL INSTALLATION $112,750 $ 94,900 $ 96,900 

TOTAL Material 
and Installation 707,761 604,284 548,784 

ROUNDED CAPITAL COST $710,000 $600,000 $550,000 
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3.5.2 Operating Costs 

A. Labor. The 
because all the 
assistance" whi 
Central Control 
selected. 

cost of operating personnel is not included 
equipment operates unattended. Any "operator 

:h may be required would be performed by the same 
petsorinel, irrespective of the alternatNe 

B. Energy. The cost of electrical energy used in electronic 
telephoité 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 :2.1000 watts. 
Supplying this load on an annual basis would represent an 
insignificant amdünt in the overall cost of the alternatives 
(approximately 1%). 

3.5.3 Maintenance Costs 

A. Labor. Unless 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 necessiry, 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 dented 
from the experience of public utilities engaged in providing 
similar telephone service.* Data obtained from the files of the 
California Public Utilities CoUrniission 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 valuesjudged appropriate for use in this study and the 
resulting maintehance e*pense estimates are shown In Table 3-5. 

See Appendix E, Telephone Service Data, for backup costs... 
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Table 3-5 

ANtUAt MAINTENANCE EXPENSE 

Alternative 1 Alternative 2 Alternative 3 

TelephOne instruments $101,000 $ 80,800 $ 80,800 
Maintenance (18% of 18.,20Q 14,500 14,500 

capital cost) 
VBX e4uipment 607,000 524,000 468,000 
Mainténánce 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 analyfls of the telephone service, the total annUal 
equivalent cost consists of the annualized capital cost pius the 
est-imated annual maintenance expense. Table 3-6 shows the 
combination of the capital costs from Table 3-4 as modified to 
obtain the athial cot, and the estimated maintenance from Table 
3-5 to obtain the annual equivalent cost fot all three options. 

Table 3-6 

TELEPHONE ALTERNATIVES COST ANALYSIS 

Capital Cost (Table 3-4) 

Annualized Capital Cost 

Alternatite 1 

$710,000 

87,500 

Altetnative 2 

$600 ,b0O 

74,000 

Alternative 3 

-$530,000 

65,300 

Estimated Annual Maintenance 
(Table 3-5) 78,900 66,900 61,300 

ANNUAL EQUIVALENT COST $166,400 $140,900 $126,600 

SAVINGS (compared 
to highest cost) 

1-5% 

3-9 
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3.5.5 Reliability 

The central switching equipment (PBX) used in this comparative 
analysis comprises small electronic switching systems (Egg). 
Experience with ESS equipment has shown that it is more reliable 
and requires less maintenance than the electromechanical PEX 
equipment used previously, and its reliability may be further 
increased for larger electronic! PEX 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 of feréd in the largsr PBX units; that is, Alternative 3. 

3.5.6 Technical Risk 

The telephone instrümènt iè a standard electromechancal device 

including a receiver, transmitter, hybrid coil, ringer, 
switchhook, and DTMF dial. The- basic apparatus has! been in 
general Use for over 30 years and the touch-tone feature has been 
in general use on telephone compaüy exchanges in California for 
over 15 years. 

Electronit PBX installations began replacing 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. 

3.5.7 Availability 

The availability of telephone equipment is very broad. ?elephone 
instruments and PBX5 are available from many vendors offering 
apparatUs tinufactuied in a number of European countries, Japan, 
Canada, and the United States. The éqUithent for any of the 
alternatives should therefore be obtainable with little 
difficulty. 
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3.6 CONCLUSION 

This analysis concludes that the alternative offering the lowest 
annUal equivalent cost is that which combines into one exchange 
all telephone calling with coithnort lines and switching apparatus. 
The analysis showed that thi 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 satings are obtained by minimizing the 
quantity of telephone instruments and PBX line equipment teqUired, 
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 pérty line 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 6± administratite persotmel. 

. 3.7 RECOENDATION 

The recommendation is to combine all telephone requirements into 
one exchange using common switching apparatus and lines 
(Alternative 3). Emergency phone instruments are separate. This 
installiiöñ would offer the lowest equivalent annual cost and 
fullt meet the teqUitéments of the Metro Rail System telephone 
service. 

. 
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Chapter 4 

CLOSED-CIRCUIT TELEVISION MONITOR ANALYSIS 

4.. 1 INTRODUCTION 

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

An example of factorS which influence the extent of CCrV usage on 
a Eystèm Erë: the operating eitvironmtnt through which the system. 
traverses, physical constraints of the system, manned or unmanned 
stations, budget limitations, and others. Once adecision is 
reached to use CCTV on a staten, several critical issues must be 
addressed, such as: areas of systim to be monitored, the 
monitoring technique to be used, and local or remote monitoring. 
411 of these issues must be addressed early in the design as they 
greatly impact the design of facilities. 

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

4.2 DESCRIPTION OF ALTERNATIVES 

Several techniques for CCTV monitor-ing are available in the 
marketplace, each with advantages and disadvantages. These 
techniques include: 

o Dedicated monitoring 
o Multiple camera sequencing 
o Split-screen projection 
o Sequntial Split-screen projection 

The initial screening of the alterhaties eliminated dedicated 
nanitoring as a further consideration as a result of the high cost 
of providing such a system. Dedicated monitoring for the SCRTD 
system would require an array of 216 CCTV monitors with a large 
monitoring staff. Elimination of this alternative is consistent 

S 
with the transit industry trend toward providing an effect-ive 
system at a reasonable cost. The three temaining alternatives, 
which are described below, will be analyzed. 
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4.2.1 Multiple Camera Sequencing (Alternative 1) 

SMult-iple camera sequencing is a method in which sèveial scenes are 
projected on one monitor itt automated sequential order. The 
normal range of scenes is from 2 to 5. For this alternative, the 
ststen is designed to sequenS 4 cameras on each monitor. Large 
or small monitors can be used. This method, which requires 3 
monitor screens per stat-ion, additionally allows the viewer to 
select and hold a specific scene desired, and can be likened to 
changing a channel on a television set. Normally, the sequencing 
rate can be adjusted from 2 seconds to 3 minutes of viewing time. 
A block diagram of Alternative 1. is shown in Figure 4-1. 

0 

4.2.2 Split-Screen Projection (Alternative 2) 

Split-screen project-ion is a method whereby 2 or more scenes are 
projected on a single monitor via a splitter. Two scenes per 
àonitor sie±e selected as the bais for the study of this 
alternative. This method wbxld require 6 monitOr screens per 
station. A block diagram of Alternative 2 -is shown in Figure 4-2. 

4.2.3 Split-Screen Segtencing (Alternative 3) 

The split screen sequencing method would use a combination of 
áppáratUs 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. 

4.3 APPLICATION HISTORY 

In the transportation industry CCTV is being used for monitoring 
áctivities at passenger stations and faciLities. The Illinois 
Central Gulf Railroad uses Alternative 1, thültiple camera 
sequencing. Each monitor is dedicated to 5 fixed camEras which 
are sequenced every seven seconds. Port Authority Transit 
Corpotation (PATCO) uses one monitor screen per camera, as does 
the Washington Metropolitan Area Transit Authority (WMATA)Nand the 
Port Authority of New York and NEw Jersey. A reviEw of the above 
properties and BART, Baltimore, Miami, and MARIA determined that 
the Metro Rail System will monitor by far the largest number of 
cameras in a single Central Control center. 
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4 .4 MET1IODIOLOGY 

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

. 

4.4.1 Design Assumptions 

The following assumptions were made for the purpose of this 
gnalysis: 

o Closed circuit television surveillance of stations shall be 
required dn a 24hour a daS' 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. 

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

o Twelve fixed TV cameras will be protided at each 
passenger station and at each shop/vard. 

o No CCTV coverage of a central revenuecounting facility is 
considered because of its specialized function and sEparate 
monitoring location. 

o Areas subject to CCTV surveillance include; fare 
collection, handicappedfserice entrance and Egress, 
security telephones, fire emergency telephones-i patron 
assistànc telephones, toilet room entrances, stairs at 
terminations, escalators at terminations, station platforms 

- at termination of vertical circulation elements and 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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6.4.2 Operational.. Assumptions 

The SCRTD operational concept for CCTV surveillance established to 
date requires that Central Control will have the primary 
responsibility for monitoring the CCTV surveIllance system. Each 
station will be provided with twel'e fi*ed cameras which will send 
images of various areas within each station to Central Control. 
An array of tionitoring equipment combined with dedicated 
nonitoring personnel will be located at this facility- Additional 
TV monitors will be ptoided for the surveillance of two vehicle 
storage yards located at each end of the operating line. 

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 stat-ion agent 
of any situation which is occurring at his/her station which may 
necessitate further investigation or assi!tance. The Etation 
agent may then stiitch a single tideo monitor to the aptopiiate 
image for further viewing. 

Both of these policies are in accordance with the recommendations 
of Closed Circuit Television in Ttansit Stations: Application 
(2ni di lnps* 

4.5 RESULTS 

.. 
4.5.1 Capital Costs 

The capital costs for equipment for each of the three alternative.s 
are shown in Table 4-i.. 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 horn stations and yards to 
Central Control have not been included in this analysis. For 
Alternatives I and 3, no cost was included for the master 
se4Uencer 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 shOn 
in Appendix F.. 

* See Appendi 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 4-1 

CAPITAL COSTS 

(1) (2) (3) 

Multiple SpIlt- CSblñation 
Qty Camera Qty Screen Qty Split-Screen 

Sequencing Projection Sequencing 

TV cameras at each 
Station, automatic 
light compensation 
lens, scanner control 
($1,260 ea.) 12 15,120 12 15,120 12 15,120 

Camera sequencers 
at each station 
($280 ea.) 
a) Four image 3 840 - - 

a- b) Three image 4 1,120 
TV monitors, 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 

Camera splitters 
at each stat-ion 
($360 ea.) 
a) Two inage '... 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 

A$1NUALIZED CAPITAL COST $ 38,611 $ 43,937 $ 41,602 

*16 t aflefiget stitions and 2 for the yards. - 

Closed Circuit Television in Transit Stations: Application 
Guidelines was published by UMTA in August 1980. Thistepott 
discusseñ life-cycle costs of CCTV installat-ions. The report 

stated that "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 instailed.' This was for a one 

camera to one rnonito± system. This iñ4iate$ that there is a 
large tolerance on the anticipated cost of CCTV installations. 
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. Also, the data 

transmission equipment is not included. 



4.5.2 Operating Costs 

The labor cost associated with monitoring a CCTV system is 
inevitably a major factor in the selection 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 serCens tequired in 
Central Control for each alternative, and the number of 
employees needed for each operating period and the number of 
monitors each employee would watch. 

Table 4-2 

Employees Required in Central Control 

Alternative 1 Alternative 2 AlternatIve 3 

TV Monitors at Central 
Screens pet station 3 6 

Total screens .54 108 

Off-Hours Period 
10 pm-6 am, 
7 days/week 1 1 

Sunday Base Period 
6 am-lO pm, 
1 day/week 2 3 

Peak Periods 
6-10 am & 2-6 pin, 

5 days/week 2 2 

Base Period 
6 am-lOpin, 

6 days/week 3 6 

Total emplO9ees in 
Central during peak period .5 8 

TV Monitors 
per employee during 
peak periods 11 13.5 

4-9 

2 

36 

I 

2 

1 

3 

4 

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 persOiinel requited ate shown in Appendix C, 
Calculations. The following factors determine the number of 
employees required: 

o Se4Uencing or nonse4uencing 
o Other employee duties 
o Distance employee is from TV screens 
o Configuration of TV screens 
o Letel of activity on the displat screens 

Closed Circuit Transit 
Guidelines discussed, in Section 3.3, the number of botlitors 
cThich can be viewed by each "operator." It concludeth that 9 to 

16 is the reasonable range of monitors for each employee. 

these tiumbers of employees convert to a total staff level and 
annual operating costs for the three alternatives as shown in 
Table 4-3. Only labor costs are included because a cost 
comparison of energy costs between all these alternatives showed 
oply 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 year. 

The staff levels are established around four ysten operating 
t-ime zones. Ths base period consists of two eighthour shifts: 6 

am to 2 pm and 2 pin to 10 pm, six daysfweek. The peak period 
cotisists of two fourhour periods: 6 am to 10 a' and 2 pm to 6 

pm. The offhour period consists of the eighthour petiod from 10 
pm to 6 am, seven days/week. The Sunday base period consists of 
two eighthour shifts: 6 am to 2 pm and 2 pm to 10 pm. 

. 
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Table 4-3 

A}DTUAL OPERATING COSTS (LABOR) 

(1) (2) (3) 

Multiple Camera Split-Screen Combination 
Sequencing Projection Split-Screen 

Sequencing 

Peak Eeriods 
6-10 an & 2-6 pm, 
5 daysKièek, 
B hours/day 112,320 112,320 74,880 

Employees/yr (3) (3) (2) 

Base Periods 
6 am-tO pm, 
6 days/week, 
16 hours/dat 299,520 599,040 299,520 

Employees/yr (8) (16) (8) 

0ff-Hours Period 
10 pm-6. am, 

7 days/week, 
8 hours/day 74,880 74,880 74,880 

Employees/yr (2) (2) (2) 

Sunday Base Period 
7 am-tO pm, 
1 day/week, 37,440 74,880 37,440 
16 hours/day 

Employees/yr (1) (2) (1) 

TOTAL EMPLOYEES 14 23 13 - 

TOTAL OPERATING COSTS $524,160 $861,120 $486,720 

4-11 



4.5.3 Maintenance Costs 

Table 4-4 shows the maintenance ôosts 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 Sunday only 24-hour period. Pot Alternatites I 

and 3, during the 6-dayperiod 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 
system. 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 10% of the base 
equipment cost for each alternative as reconended by both 
Panasonic and GE: The backup data is shown in Appendix F. 

Table 4-4 

ANNUAL MAINTENANCE COSTS 

(1) (2) (3) 

Multiple Camera Split-Screen Combination 
Sequencing Proj ection Split-Screen 

Sequencing 

Labor 

a) CCTV Technicians 
24 hrs/dat 
6 days/week 321,152 481,728 321,152 

Technicians 8 12 8 

b) CCV Technicians 
24 hrs/day 
Sunday 40,144 80,288 40,144 

Technicians 1 2 1 

Spares 38,840 36,360 33,60.0 

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 cdnparison data for 
the three configurations. The annual. equivalent costs are 
computed using the formula shown in Appendix C, Calculations. 

Table 4-5 

CCTV COST A1ALYS1S 

(1) (2) (3) 

Multiple Cathera Split-Screen Combination 
Sequencing Projection Split-Screen 

Sequencing 

Capital Costs 313,200 356,400 337,680 

Operating Costs (annual) 524460 861,120 486,720 

Maintenance Costs (annual) 400,136 598,376 394,896 

Total Operating and 
Maintenance Costs $924,296 $1,459,496 $806,736 

Annualized Capital Costs $ 38611 $ 43,937 $ 41,602 

ANNUAL EQUIVALENT COST $962,907 $1,503,435 $923,218 
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4.5.5 Observation Continuity 

All 12 TV cameras at each station are energized 24 houts 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. The 
operating scenarios for each alternative are discussed below:. 

A. Multiple Camera Sequencing (Alternative. 1). With this 
alternitie the sóenè ftS éthèh camera is shown on the TV 
monitor only 25% of the tine. If 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 é TV monitor or sequencer failed, the 

scenes from 4 cameras would b.e lost until repairs were made. 

3. Split-Screen Project-ion (Alternative 2). With this 
altertiátite each sc&ñè fröm each cthnera 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 ëveñt that a TV monitor or splitter 
fails, then scenes from .2 cameras ould be lost until repairs 
were made. 

C. Split-Screen Se4Uencing (Alternative 3). With this 
alternative each sèene from each camera is shown one-third 
of the time. If the scenes are sequenced every 6 seconds, 
each area being monitored would appear on one-half the 
monitor fot 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 re4uire an additional number Of 
ipare monitors which would permit monitoring personnel to switch 
the images normally seen on the failed monitors to the spEre 
monitors. Equipment which would permit this redundancy has not 

been developed at this time, but the possibility should be analyzed 
upon selection of the alternative. In general, the best continuity 
is provided by Alternative 2, followed by Alternative 1 and then 3. 

456 TV Monitor Personnel Workload 

Closed Circuit Television in Ttansit Stations addresses 
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 pers.n could mdnitot 9 
screens. If there were little activity then one person could 
monitor up to 16 screens. In the report's discussion of constant 
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U.S. sequential monitoring nodes, the constant monitoring node 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 tiumber of ethploees has been adjusted for an equal 
work load (see Table 4-2) for each alternative, thus the labor 
costs reflect any variation in work load. 

4.5.7 Technical Risk 

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

4.5.8 Availability 

Based on conversations with both G.E. and Panasonic, splitters are 
not as coimnercially available as sequencers. This limitation may 
not be a factor by the time of the procurement stage. 

4.6 CONCLUSION 

Alternative I 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- 

1, 
cantiv reducing the nUmber of monitor screens requited. This 
method requires 3 TV monitor screens per passenger station. 
Sequencing has a proven track record in the transit industry, 
with offtheshelf 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, because the split screen showing only 2 
images per monitor significantI 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 nutüber 
of units required. 

Alternative 3 has the lowest labor requirement of all three 
alternatives, due to the optimum Use of a single TV screen by 
splitting the screen and sequencing the projected images. These 
featires require less monitoring personflel. A disadvantage is 
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 RECONMENDATION 

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 wakes it the best alternative. It has the least 
equipment cost of the three alternatives, and effectively 
implements the fullest potential of a single TV screen. Once 
the final decision to have or not to have a station attendant is 
made-, the final criteria for CCTV can be established. Futther 
Enaitsis at that time tiould determine the optimum CCTV 
configuration. 

During detailed design, certain canieras (scenes) may be appropriately 
sequEnced in monitors ihile other scenes may require continual 
lurveillance. Thus, a combination of Alternative I 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 aId be an alternative for certain 

a- scenes (see Appendix F).. - 

U 
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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. 

Radio Service: 

General Electric Conipäny, Mobile Radio Communications Division: 
Hank Williams, Glen Gelineau, Jack Miller, and Willi t1ye 

Motàrola Electronics and Communications Division: Larry Hamilton 
and Kristine White 

Telephone Service: 

Frontier Electronics (CSC): Tim Moses 
General Dynamics (StrdmbergCarlson) 
General Telephone & Electronics: Frank Jett 
Pacific Telephone: William K. Hendley, Jr. and Jim Picker 
ROLM Telecotnmunicatidns.: Mackey and D. Miller 

Closed Circuit Television: 

COHU Closed Circuit TV: Julin 3. Peck and G Kntz 
Genetal Electric: William Nyc 
Javelin Electronics: David Gibbs 
Pacific International Corporation: 3. T. Boøth 
Progress Research Organization (Panasonic): R. E. JOhnsdn 

Cable Transmission Service: 

Anaconda Telecommunications: R. Glisson 
AnixterPruzan: Roland Watkins and Guy Stuart 
Attel Conmiuüications Division: Richard Cerny 
ITT, ElectroOptical Pioducts Division: Dale, C.. McBride 
Leeds & Northrup: Peter Kraus 
Pirelli Communications Products Division: Michael Salisbury and J. W. 

Johns ton 
Rfl Industr-ies: Pete Tarbell 
Wescom: H. L. Robinson 
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USERS 

American Natural Resources, Detroit, Michigan: W. L. Johnson. 
Bay Area Rapid Transit District (BARfl: G. Austin, J. Schito, and 3. Allen 
Chicago Transit Authority (CTA): 3. Stewart 
Grumnan Aerospace Engineering and Manufacturing, Bethpage, Long Island: 3. 

Mooney 
Mass Transit Administration (MTA): o. wellington 
Metropolitan Atlanta Rapid Transit Authority (MAMA): 3. Tucker and R. 

Miller 
Metropolitan Dade County Transpbrtat-ion Rapid Transit System: 3. Abbas, R. 

Maguire, and W. Brownsdn 
Naval Ocean Systems Center, San Diego, California: R. A. Greenwell and D. 

N. Williams 
Naval Submarine Base, Kings Bay, Georgia: E. 3. Clarke 
Navy Public Works Center, Sin Diego, California; Ed Murdock and Jack 
MeClanahan 

New York City Transit Authority (NYCTA): C. Kalkhof 
San Francisco Municipal transit Authority, San Francisco, California: T. 

E. Hopkins 

ASSOCTATES 

Kaiser Engineers 
Tony Kan 
3m Van BuUren 
Roy Yamada 
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APPENDIX C 

CALCULATIONS 

ECONOMIC ANALYSIS PARAMETERS 

In the tables, all cost are based on 1982 dollars. 

Annualized Capital Cost (ACC) 

ACC = Annualized Capital Cost CC x 

(1 

CC = Capital Cost 
i = Interest Rate (12%) 

N = Economic Life (32 years) 

Annual Operating. Cost (AOC). 

= CC x 0.12328 

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 dperation. 

Labor (cost for operators) = 18.00/hour 
off-hour surveillance labor cost = 15.Oofhour 
Efle±gy (cost of electricity) 0.07/kWH 

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

Annual Maintenance Cos.t <AMC) 

Based on service contracts offered by the manufacturer of radio equipment, 
10% of capital cost will be the annual maintenance cost1 including labor 
and parts. Maintenance for other communication service.s 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 obtaifted f tOn the following eqUation: 

ABC = Annual Equivalent Cost = ACC + AOC+ ANC 
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C. 

GENERAL 3 ELECTRIC 

April 5, 1982 

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

Attention: AP (Jun) Adela Jr. 

Dear Jun: 

As per you request please find the attached budgetary pricing for the 
equipment in your consideration for Use by SCRTD PROJEGT. If you Should 

C a have any further questions regarding this equipthent please do not hesitate 
to call me. 

Sincerely, 

Glenn W. Gelineau 
Major Account Sales Agent 
560 San Antonio Road, #201 
Palo Alto California 94306 

GWG: rac 

End 

002 



GENERAL J ELECTRIC 

Kaiser Engineers 
April 5, 1982 

Item Description Unit Price 

1 CP2BKK66KEN 6 watt VHF MPR Portable- $ 2,595.00 

Radto equiØped with GE STAR toggle 
switch encoder. 6 Frequency capability 
eauipped to operate on 1 frequency with 
Channel Guard. 

2 1 354C3A1K MPR VHF Vehicular Charger, $ 350.00 
includes MNTG accessoriesspeaker 
and microphone. 

2A 1 P3AK6AG Power Master. 60 watt UHF $ 510.00 
power amplifier for use with MPR Vehicular 
Charger. 

a 
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GENERAL ELECTRIC 

Kaiser Engineers 
April 5, 1982 

Item Qty Description Unit Total 

1 1 MC66KAU66A Mástr ii Mobile Radio $ 2,285.00 
65 watts VHF, 8 frequency capabil4 
ity. Equipped for single frequecy 
operation, Channel Guard, and GE-Star 
encoder, includes speaker, rrñcrophone 

1/4 wave antenna, and MNTG hardware. 
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TELEPHONE SERVICE DATA 



. 
CAPITAL COSTS 

Unit costs were obtained from the spurces indicated below: 

Pushbutton telephone instrUment: The Pacific Telephone and 
Telegraph CSäny ii*éntofy p±ie list mailed to customers of record in 
Southern California, November 1982.. 

Wallmounted insttunent without dial and test s jack: GTE Automatic 
Electric Company, Milbrae, California estimating prices provided by sales 
representative. 

Electronic PBX: This item of cOst prsented the ost difficulty in 
obtaining. Most PBX apparatus is sold by communication consultants or 
contractors who freely quote approximate turnkey estimates of $1,000 per 
line. Two suppliers, however, were willing to quote appromate costs of 
PBX equipment only. The figures used in this report wefe 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 600,090 
1400 lines 650 tO 700,000 

Substantiation was obtained from a sales representative of cTE Business 
Communications Systenis 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, 
Calif o±iiia, gales representative 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 Calif ornia. The wo companies 
are CP National Corporation and Continential Telephone. Company of 
California. The date of the annual reports are December 31, 1981. Data 
from plant accounts for central office equipment and station apparatus 
provided the base for which corresponding expense accounts, repairs to 
central off ice equipment, and repairs to station apparatus were compared. 
The ±atios dveloped are as follow: 
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. 
Central Office Station 
E4ütpmènt Ratio Apparatü Ratio 

CP National Corporation 10.3% 17.7% 

Continential Telephone Co 9.9% 18.7% 
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MULTIPLE CAMERA SEQUENCING 

(ALTERNATIVE 1) 

OPERATING COST (LABOR) 

CCTV Monitoring Personnel (Central Control) 

ERSP Pernd 

6 am-lO pm, 6 day/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 monito±slh± *8 bouts/dat x 260 dàyE/year± 1,920 work hours/year = 2.1 
say 3 television monitor employees. 

a Off4lours Period 

10 pm-6 am, 7 days/week, 8 hours/day 
1 monitor/hr x S hours/day x 365 days/year .4- 1,920 work hours/year = 1.5 
say 2 t1evision monitor employees. 

Sundat Base Period 

6 am-lO pm, 1 day/week, 16 hours/day 
2 monitorsIhr * 16 hours/day x 52 days/year __1,920 work hours/year = .8 

y 1. television monitor employee. 

TCTAL MONITORING PERSONNEL 14 

Annual CCTV Operating Personnel Cost 

14 employees x 2,080 paid work hoursiyear x $18/hr 

TOTAL OPERATING COST $524,160 

MAINTENANCE COSTS. 

Spare Parts 

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

TOTAL SPARE PARTS $ 38,840 

F-a 



Labor 

CCTV Maintenance Personnel 

2 CCTV technicians/hr x 24 hrs/day x 312 days/year-4-1,920 productive 
work hrs/year = 7.8 say 8 technicians' 

1 CCTV technician/hr .x 24 hrslday x 52 days/year -4-1,920 productive work 
hrs/year = .65 say J technician 

TOTAL MAINTENANCE PERSONNEL 9 

Annual CCTV MAINTENANCE Personnel Cost 

9 CCTV Technicians x 2,080 paid work brs/tear x $19.3OIhr 

TOtAL MAINTENANCE PERsONNEL $361,296 

TOTAL MAINTENANCE COST $400,136 



SPLIT-SCREEN PROJECTION 

(Alternative 2) 

OPERATING COST (LABOR, INCLUDES FRINGE BENEFITS) 

CCTV Monitoring Personnel (Central Control) 

Ease Period 

6 an.-1O pm, 6 days/week, 16 hours/day 
6 monitorsthr x 16 hours/day x 312 days/year+ 1,920 work hrsfyear = 15.6 
say 1.6 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 i-- 1,920 productive 
work bouts/tear = 2.1 say 3 TV onitor employees. 

OffRours Period 

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

Sunday Base Petiod 

6 am-lO 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 emploées. 

TOTAL MONITORING PERSONNEL 23 

Annual CCTV Operating Persotüiel Cost 

23 employees x 2,080 paid work hours/year x $18/hr 

TOTAL OPERATING cost $861,120 

MAINTENANCE COSTS. 

Spare Parts 

22 TV cameras @ $1,260/camera $ 27,720 
11 2-image camera splitters @ $360/splitter 3,9.60 

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/dat x 312 dayslyear+ 1,920 productive 
work hrs/year 11.7 say 12 technicians 

2 CCTV technician/hr x 24 hts/day x 52 days/year-4-11920 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 $19.3Ofhr 

TOTAL MAINTENANCE PERSONNEL $562,016 

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

OPERATING COST (LABOR, INCLUDES FRINGE BENEFITS) 

CCTV Monitoring Personnel (Central Control) 

Base Perind 

6 am-IC pm, 6 days/week, 16 hours/day 
3 monitors/hr x 16 hours/day x 31.2 days/year1,92O work hours/year 7..8 

sat 8 TV monitor employees. 

Peak Per-iod 

6-10 am & 2-6 pm, 5 days/week, 8 hours/dày 
1 monitor/hr x 8 hours/day x 260 days/year .4-1,920 work hours/year = 1.08 
say 2 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 work hours/year = 1.5 
sat 2 televisidn monitor employees. 

Sunday Base Period 

6 am-lO pm, I dày/week, 16 hours/dat 

2 monitors/hr .x 16 hours/day x 52. daysfyear- 1,920 work hours/year = .8 
say 1TV monitor employee. 

TOTAL MONITORING PERSONNEL 13 

Annual CCTV Operating Personnel Cost 

13 employees * 2,080 aid work hours/year x $18/hr 

TOTAL OPERATING COST $486,720 

MAINTENA10E 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 sequencets @ $280/sequencer 840 
4 12-inch TV monitors @ $360/monitor 1,440 
2 12-inch TV monitors 0 $360/monitor 720 

TOTAL SPARE PARTS COST $ 33,600 
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Labor 

CCTV Maintenance Personnel 

2 CCTV technicians!h± x 24 hrs/day x 312 dáys/ear--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 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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4.4. Monitor Display Technique 

Since the indicated camera quantities reflect presently 

aflticipated requirements, the mon:itor display board must 

be large enough to accommodate the monitors required for 

initial use as well as the future potential growth. There 

are four basic methods that may be employed individually 

or possibly as a cctthination of two or more, namely: 

1. Individually dedicated large screen monitors, 

one for each canera, 

2. Individually dedicated Small screen monitors, 

one. .2 or each 
cameras 

3. Split-screen projection on a large screen monitor, 

viewing two, three or four cameras, or; 

4. Sequencing of several cameras (2 to S max.) on 

each large or small monitor. 

4.4l Dedicated Monitors 

three of the four transit authorities currently employing 

the CCTV surveillance technique, reference 3, favor employing 

one monitor dedicated to each öainera. 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 of nitor they employed 

adequately revealed the degree of surveillance desired. 

Although the larger screen (19 inch) projected a larger 

-19- 



picture than did that f the small screens, each had equal 

resolution (624 lines). In general, the small screens 

displayed a sharper picture, however, thi was partially 

due to the use of more advanced equipment. Based on the 

CCTV camera and monitor display and ensuing discussion 

with an equipment supplier, arranged by Bechtel, the lack 

of clear display by 19" screens was attributed to the fact 

that they provided only 624 lines of resolution reflecting 

old equipment. The recommendation was made to employ 21 

inch monitors having 1200 + lines of resolution (the current 

suitable monitor for the application under consideration),. 

4.4.2 S1it-Screen Projection 

Split-sereen projection, employing large. screen monitors 

is another technique for effectively accomplishing multiple 

camera viewing within a limited space. Although this 

approach may at first be considered undesirable since the 

requirement fdr additional equipment means added cost, the 

savings that will be realized in requiring less monitors 

nay 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 

viewi1g display achievable would be 10.5 inch picture when 

4 pictures are projected. In areas where a camera. is re- 

quired to view a wide area and a corresponding wide monitor- 

ing area is desired, a two picture split-sclreen projection 

(horizontal or vertical) nay be employed resulting in a 

0 viewing display of 7.4 inches x .14.85 inohes. Single picture 

projection may be employed when desiring better definition 

and/or video taping. 
-20- 
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4.4.3 Secuencing ilultiple Cameras 

Sequencing is yet.another method that nay be employed to 

minimize the quantity of monitors in the zone center. 

Although other authorities have considere the applica- 

tion, Illinois Central Gulf was found to be the only 

authority currently employing sequencing of camera 

coverage1 and foun4 it to be acceptable. The sequencing 

rate is adjustable from two sec5nds to three minutes of 

viewing 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 

o. screen, dependent upon the sequencing rate and rnztber 

of cameras dedicated to a given monitor, the activity 

within the purview of: the camera will go unnoticed. When 

snore than two cameras are sequenced, this situation then 

involves all but one camera dedicated to a particular 

monitor. As related in the trip report,reference 3, such 

an occurrence was detected during one evening of Observance. 

This technique should not be ccrzàldered for the HARTA system. 

W;ith the Avondale Zone Centet initially responsible for 

observing 33 cameras, the sequencitig of two cameras per 

monitor would reduce the quantity of monitors to 17. 

Sequencing four cameras per monitor would result in a 

need of nine monitors, If a three second sequencing rate 

were eloyed, the first consideration would result in an 

unobserved period of three seconds with the second con- 

i4ri.-n resulting in a nine second unobserved period. 

-21- 



Increasing the sequencing time period would result in a. 

cotrespondingly longer unobserved period of time, which 

would permit undesirable activity to ensue. 

4.. 5 Monitor Arrangement Rationale 

There are several possible monitor arrangements that 

may be enployed for effective surveillance. An assess- 

ment, also considering maximization of e.ffect:iveness arid 

minimization of quantity on the part of observers, indicates 

that the. arrangemeUt should be based on the overall sur- 

veillance requirements and intensity of activity that may 

ocIcur. By arranging the monitors in two major groups, 

platform and concourse, the optimal balane can be 

achieved relative to operational activity. The group con- 

taining platfon viesn.n g camera mpnitors will be greater 

in number since more cameras are so located. Since corn- 

rnunicatiotii willalso be a major actiity of the zone 

centers, and the patron assistancle calls are anticipated 

to comprise the greatest activity of cotunications, the 

combination of a lesser quantity of monitots 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 co=unicatior.s' involving public, address 

and security telephones. 

The proposed monitor application arid arrangements for the 

Avondale and West Lake zone centers, as considered necessaxy 

-22- 



to satiS.f the four zone center concept, are shown on 

drawings 00(110 and CHX21O. Since the West Lake zone 

center will have intetim jurisdiction for four stations 

and later have other stations added, a rearrangeent of 

the monitors will be required as shown on drawing CMX220. 

By ar-ranging the monitors and cameras as shown on the 

dtawings, the observers can achieve and maintain orientation 

of the assigned sector. 

1O major factors were-considered in establishing the 

rationale for arranging the monitors for stations and 

their respective cameras. 1ff ost cases, the station 

monitors were arranged such that at the Avondale center, 

the extreme upper left monitor would be assigned to the 

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

right., reflecting adjacent stations to the east. Rowever, 

when a station requires twO or more monitors, the desired 

arrangement must -be compromised. The West Lake center 

arrangement is reversed-such that the upper right monitor 

is assigned to the eastern most statiofl (Five Points), then 

prog-reEthg to the -left for stationE 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 

assignment. The monitorS will display an arrangement 

base4 on the type of camera(s) 4edicated. Cameras having 

-23- 
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Chapter 6, but are referenced here so that thedesigner can plan for them in 
the layout of operator workplaces. It is impdrtaM to have an appropriate loca- 
tion for storing those documents, and flat supfaces for using them. In addition, 
space should be made available for storihg expendable itemS like writing supplies, 
nev. and used cassettes, labels, bulbs, and other articles that are necessary for 
day-to-day operations. 

.3.3 PERSONNEL AND WORK SCHEDULES 

The questions to be addresseld when planning. for personnel in the monitor- 
ing center include: (1) how man 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 sects- 
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 officlers. working in 6-hour 
shift% of 1/2 hour on - 1 hour off, viewing no more than 8 video monitors, with 
no dUtis other than interacting with the passengers under surveillance and the 
responding units, bUt this ideal Option could require ingenious planning or be pro- 
hibitively expensive to implement. One then needs to know what kinds of corn- 
promises with the ideal are reasonable It is the. intent of uj section to 
provide a sense of operating ranges around the ideal design parameters. .... 
3.3.1 NUmher. of Monitors. Viewed per Operator 

Th practical upper goal that is most frequently established by CCTV 
transit .security personnel ôontacted during the preparation of this document is 
16 video monitors per operator. However, the actual number at which perfor- 
mance (detection and interpretatiop capability) becomes unacceptable depends 
upon mahy factors, including: (1) how crowded the scene is and how much 
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 froth 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 predicta.ble peak activity levels As a représen- 
tative example, the second largest syStem e*amiried has 38 monItor screens (no 
sequencing) and employs 2 civilian operators most of the time, going up to 3 

operators during ruSh hoUts in the morning (7:00-8:45 AM) and afternoon (4:00- 
6:30 PM), and dropping to 1 operator after 10:0.0 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 
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the video monitors, include patron assistance telephones, police telephone and 
radio, remotely controlled access to rest rooms, ihtrusion 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 degrade operator 
attention. To help reduce fatigue, operators receive a 10-minute br.eak about 
every 1 to 1-112 hours:. 

Relatively few researchers have conducte4 relevant scientific studies on 
the number of video monitors one operator can view effectively. Target 
numerosity studies on air traffic control type displays have demoiistrated the 
degradation of detection arid recognition as the number of significant ta±gets, 
or even the number of irre1eànt forms, increases. More applicable studies involv- 
irig outdoor television scenes of people and vehicles showed that police officers 
were better than civilians at detecting critical incidents; near incidents 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. releQant. 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 deal of movement were observed. Both required the detection of inci- 
dents in prison environments, by civilians and police officers. The videc display 
monithrs were 40 x 30 mm (about 19 inches diagonal) in size, and typia1ly 
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 moEitors 
were used, but the array was maintained. it was found that, for scenes involving 
a great deal p1. movement, a 100% likelihood of detecting incidents requfres View- 
ing only Otie iti6riitdt display. If it is necessary to wch more than 1 reen S. with a great. deal of movement, then no more than 9 should be viewed by one 
person. The likelihood of detecting incidents on 9 indhitors Was 8.3%, a 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 
ffijft number by the authors, When 24 monitors with very little movement 
were Viewed, the likelihood of detection dropped from 97% (for the 16) to 88% 
(for the 24). It is recommended that these same guidelines of a maxintu of 9 
or 16 monitor screens per operatot 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 pn the screens virtualiS? full time; non-viewing activities increase the 
probability of missing the detection of a brief critical incident and lengthen 
reaction time generally. In one large department store examined, detective- 
operators onli 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. HoWevr, these 
organizations recognize the need for breaks from the routine of watching monitor 
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screens. Such breaks are provided in more oriess formal ways, by either sched- 
uling an actual relief (e.g., for about 2 to lOrninutes 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 
assignments are determined and specified through terms negotiated with a 
transit workers' union. in the 38-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 day. A 30-minute lunch 
break is required 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 cSn be 
maintained for about one hoUr, arid, 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 
reseatch studi involviAg 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. Iii the research study involving 16 moni- 
tor screens showing little mOvement, no objective time eomparisos were made; 
but interviews with the viewers revealed that 50 out of 65 considered that 1 hour 
was tot 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 regular 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 viewing 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 per'iods each hoUr, or rotate jobs With other non- 
viewer personnel each hour. 

When operators work iii shifts, usually of eight hours each, the iUe of 
changing or rotating shifts must be considered. Typical shifts run from 8 AM - 
4 PM, 4 PM - 12 M, and 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 subject., Bio- 
logical rhythms and personalit5' attributes have been found to be associate9' with 
the ability to adjust successfully to shift changes. Certain types of people adjUst 
more easily than others to shift changes and night work. Siflce thosrãdjustinents 
can take Up to to 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 pelople adjust better than morning types to night work Studies 
of personality have shown that extroverts adjust better than introverts, éspe- 
cially if those extroverts have certain neurotic tendencies; The ability to sleep at 
unusual times of day, and to 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 thefr combined biological, p'cholog-ical and social situation. 
"Permanent" or long-term shift assignments have met with great success 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. 

a 4.6.1 of ThgnsmitThg. Video Signa1s 

W 
The Diec Wire system is the most ccrnmc and economical approach for 

CCT1 signal ttansñission. In this method, the video signal is carried directly from 
the camera to the monitoring center by coaxial cable. No license is necessary, 
but one may have to obtain rights of way to cross certain properties. This method 
is limited in distance of transthission, unless equalization and amplification are 
used, It is also quite susceptible to interference, especially over long distances. 

The other methods of transmission generally make use of radio frequency 
(RF) cartier igtals onto which the video signal is placed electronically through a 
process known as modulation. The modulated carrier signal can be transmitted on 
a coaxial cable, in which case the method can be referred to as an RF (Wire) 
transmission -system.. Several separate video ,Sials (e.g., 12 or more) can be 
transmitted on a single coaxial cable by this method. Like the direct wire method, 
no license is necessary, biut rights of way may need to be obtained.. When the modu- 
lated carrier is transmitted over a wireless, RI. (Miccowaye) sytern, a license is re- 
quired from the Federal Communications commission (FCC), but riflts of way be- 
come unnecessary. These radio links are limited to line-of-sight arrangements, so 
that rspeatr stations may be necessary if long distances or terrain cbstacles are to 
be traversed. Although the RF (Microwave) link is typically limited to a single 
channel (or camera signal), multiple channels (or camera signal) can be transmitted 
on the UHF (UltraHigh-Frequency) system. The UHF system is like the RF (Micro- 
wave) System in the other noted characteristics. Finally, the Optics Ttansmission 
system is one of newest techniques for transmitting video signals. One method does 

4$ so over a modulated laser or light beam. Unfortunately, this method is presently 
subject to weather variations such as precipitation and fog. It requires line-of-sight 
clearance (though mirror relays are possible) but may have an all-weather limitation 
of about 1,000 feet. This thethod is convenient for traversing railroad 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 continuing on optical fiber 
transmission stems Which have relath'ely uhlithited distance capabilities for multiple 
channels carried in cables of optical fiber bundles. Satellite Transmiion, now in its 
infancy, will probably become available in the next sëeral yetrs for those willing to 
pay the ptice for it (8,9) 

4.6.2 Slow Scan Television Transmission . 

Standard telephone lines, ordinary paired wires or other existis "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 tIt. number. Under 
favorable conditions, transmissions up to a mile are practical with seine individual de- 
vices and repeaters can be used to increase that distancle t.o the extent that noise or 
resolution levels become objectionable. These systems are useful only where brief 
or high speed events are not anticipated aid 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 a facsimile scanner for transmission to another location. (6) 
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6. OPERATOR MONITORING AND RESPONSE PATTERNS 

. .l 

It is the expressed belief of rncnv security officials that any crime edun- 
terTheasure or safety system must be perce'ived by those served as providing ra- 
pid and certain response, or its credibility will be questioned, confidence will 
falter arid 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 
persbnnel employ iii the course of their dai-to-day activities. These activities 
include routine mOnitoring of displays, response sequences to representative mci- 
dents communications procedures in working with related services and the pub- 
lic, the use of automatic capabilities and the keeping of records. The informa- 
tion presented in this chapter is a further development, of the Operator issues 
addressed in Chapter 5.. (Personnel Practices). It is conskerably more specific, 
however, about step-by-step procedures emplo'ed when detections are made on 
the monitor diEplays. 

6.2 RQUTINE MONITORING 

6.2.1 General 

The continuous, routine human activity most. associated with CCTV 
station s4curity operators is the monitoring of television slcreens for the purpose 
of detecting everit.s requiring a response. This activity is an essential part of 
maintaining an overall awareness of the seurity and safety status at each loca- 
tion. Typicaiiy, the -function of routine monitoñng is carried out e::.tirely by the 
human op.eratPr, although there are certain conditions which p&mit the use of 
auto iatic detection devices which can alert opecatprs by distinct .larmE when 
conditions change. Tis section on Routine Monitoring addres Jy the continu- 
ous monitoring of conditions by the human operator. Automatic r. . thtOring and 
detection capabilities are the subject of a Subsequent section in t. .s chapter. 
The response sequence following the detection of a Eignificant seçu rity or safety 
event is also treated in a subsequent section. 

6.2.2 Patterns Of Station Activity 

After the system has been operatint for some period of time, monitor opera- 
tot-s will begin to notice the existence of certain trends or patterns which are char- 
acteristics of each station and its various surveillance zones. Each station will 
usually have some cameras that observe an abundance of activity 'while others may 
show actiVity oniS' dUring certain time periods of the day. At certain times, there 
ma be a predpminsnce of particular types of passiengers (e.g.. school children, 
elderly, shoppers, office Workers, etc.), so that other types stand out as different 
from the majority1 Some of these routine patterns may contribute to reduced vigi- 
lance or even boredom. 
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.5.2.3 Maintainihg Vigilance 

administrator's continuing chlienge is to help the operators over- 
come those tehdencf:es toward degraded monitoring performance c,reated by 
roine and boriru' iotivLv oatters. Overci) alertness and awerw,ess must 

maintained so that threats to security of safety are. readily Sd reliably 
recognized. The operators ability to detect Significant events m be sustain-ed 
even when facing routine and boring patterns by sensitizing hirn/r to expect 
such events and to be accountable for recognizing them. -One Wy such sènsi- 
tizatiOn is accomplished in certain CCTV security systems is to tform opera- 
tors that periodic training and testing of the entire system (incJing operators) 
will be carried out using unannounced events staged before the meras at. ran- 
dom times. These events are actually carrie.d out, operators are later informed 
of their occurrence arid response patterns are reviewed. 

6.2.4 Adherence to GeometPical and lumerical Quidelines 

Routine monitoring is influenced by the degree to which. fle opErator's 
physical, perceptual and cognitive capacities are respected. Found elsewhere 
in this document are guidelines for the geometrical arrangement of CCIV dis- 
plays before the monitor operator and the humber of monitors person can 
mdnitOr effeCtively. Should those guidelines be violated, the rrihility of routine 
monitoring and detection can be degraded because of resulting atgue, t1c cn'er- 
loading, eyestrain or other consequences of the mismatch between operators and 
equipment under the given conditions. 

&2.5 Redeployment of Police Surveillance Patrols 

To the extent that the CO surveillance system accompiies its fjc 
tiOn, the Use of police patrol for broad sUtveiliance in all areas of the. frSxit 
stations can be reduced. Those police officers should be deploys inste to 
other locations where COW surveillance is not as effective, or hvm where tey 
can make more tepid reSponses and more certain apprehensions (.wch as near 
exit gates). ft is not recommended that police patrol activity be stopped, but 
rather that the emphasis be shifted if CCTV surveillance is effève. Implicit 
in this guideline is the need for good cothmünications between tfre CCTV monti- 
tor operators and the police patrol. units. Police patrol units eas even visit the 
monitoring center th gain a perspective on station and system status prior 
initiating their patrol tout. - 

6.2.6 Local Monitoring and central Monitoring 

Some systems wh.ich are staffed by people (e.g., police officers, ticket 
agents, change-makers) at each station, may encOunter technical or adrninira- 
tive circumstances which necessitate that monitoring functions be shared or 
otherwise divided between those local individuals and personnel in a central moni- 
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 

O of operation for certain positions or functions. In the event that routine moral- 
toring and detection functions are so shared, it is essential that 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 a video 
tape recorder in an agent's booth, along with an audio 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 dpen 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. n local station securit' booths, one-way mir- 
rors facing the station can pro\ide a similar.,sense of arhbiguity, *hereby a po- 
tential oifender or fare evader will remain uncertain TI a police officer or other 
official is present in the booth. 

6.2.7 Combined Audio and Visual Remote Surveiflance 

To help overcome the tedium that sometimes occurs in visual CCTV stir- 
vejl.lanoe alone, generally quiet stations can also be monitored by an aUdio sys- 
tem. In this can, the. control center operator would be alerted to observe some 
significanit events on the CCTV monitor upon hearing unusual sounds or commo- 
tion over the speaker system. Typically, this app!oãch 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 annoying, the Opératör is likely to turn off the audio 
monitor umtil it is needed. (2) 

a- 

6.2.8 Attention to Vulnerable Passengers 

The CCTV monitor operator shoUld uEually be alert to the types of people, , numbers of people and kinds of movements seen on the monitor screen. For 
example, handicapped, elderly and infirm passengers are highly vUinetable thrgets 
for criminals and may require extra attention. Sleeping paengers awaiting the 
arrival of their train are vulnerable-i as are lone passengers in isolated areas and 
intoxicated passengers. AedelePated 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 geographical area and transit 
syStem has its own segments of the population and types Of circumstances 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 óperaton in recogni±ing those higher riSk passengers and circumstances 
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 circumstances, the sequentially switched 
cameras viewed on a single monitor are acceptable. Thse circumstances include 
extreme limitations of space, unusually low activity levels being monitored arid a 
high likelihood that the events requiring a response would take place over long 
enough periods of time so as not to be mjssed by the sequential monitoring pro- 
cess. A typical sequential mode could include as many as six cameras, with about 
three seconds of monithring on each one in succession. Of course, the operator 
must have the capability to stop the sequencer and display only the picture from 
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ant one camera at *ill, when necessary. Obviously, the other cameras may be 
going unattenced at that time, unless the system is designed to contint.e the se- 

- cuential display on one monitor screen while using a second monitor screen tp a dwell on the one selected camera. As noted elsewhere in this guidebook, the dis- W sdvjtagc- of sequc'r:fi s.cc of cameras on a sing!e monitOr screen is that it 
virtui]ly elimirtes the poSiDifltV for an operator to make good use of movement 
on the screen as a cue to be more attentive to what is happening at the station. 

6.2.10 Experienced vs. Inexperienced, Qbserv,,ers 

There is some air-defense research which indicates a difference in the way 
skilled and unskilled observers view television-type situation, displays. tinsophis- 
ticated viewers tend to be stimulus oriented rather than response oriented. That 
is, the unskilled observers tend to make judgrtients in terms of stimulus charac- 
teristics r'ather than in terms of what the situatiOn requires of them. Certain 
characteristics of complex situations tend to be selectively ignored, nd the ob- 
server concentrates on only one or two characteristics. While no simple guide- 
lines can be presented at this time, it may be helpful to the systeir dSigner 
and trainer to be aware that there are complex relatiotiships bétwet the char- 
acteristics of a display (number and forms of things seen) and the j: ndividuaVs 
perceptual Etyle (how thints are scanned, discriminated and assessed and cogni- 
tive style (how perceptions are integrated and processed for a ro' se). (3.7,8) 

6.3 RESPONSE SEQUENCES 

6.3.1 General Sequence of Evétits 

The generalized response sequence for the CCTV monitor operator begins 
when he/she detects a suspicious activity or event on the display. Uafly the 
operator will iitirnediately start the videotape recorder for the kDr ..pnate camera 
(and audiotape, if available) while attempting to further recog- nd identify 
what is actually taking place. Based upon this determination at is occurring, 
the operator next evaluates the. need for a. response based upc'. 'nei' Imowledge 
of available options. Th'ose options range from, minimal respor. .g., doing no- 
thing, making a brief announcement over the public address sys: to complex 
responses involving coordination with personnel of other departm' c (e.g., police, 
fire, train operations, medical, etc.). Often the detection, ideritific. ion and evalu- 
ation functions occur almost simultaneously. The operator next e ties out the 
response, taking responsibility for its completion unless that respo bility is legi- 
timately assumed by another authority. After the crisis period is 'ver, the opera- 
tor must frequently follow-up the incident with the preparation of written notation 
or repOrt. In tnore complex situations, the operator's follow-up rev:-..onsibilities may 
also indlude the preservation of videotape evidence and possible cou:t appearances 
as a witness to, or even a participant in, the incident. 

6.3.2 .Incient Recognition and Identification 

Upon detecting an event that must be furt:her examined1 the operator thould 
start the videotape recorder (and audio recorder, if used). A time and date generator 
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should be overlaying its information on the upper or lower edge of the image 
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, that is the one which monitors whatever is being recorded 
on the videotape recorder. To help identify what is occurring, the operator 
should also make 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 respor.e is usually appropriate. In some systems, the police will then initi- 
ate and coordinate contacts with all other outside organizations like fire or emer- 
gency medical services. In other systems, the operator or his/her supervisor must 
initiSte those contacts. If no life is endangered, the operator may still, determine 
that a pollee response is needed, especially if the incident is criminal in nature. 
Other responses, which the operator could determine a need for, include notifica- 
tion of traitsit system personnel or direct contact with the passengers with no 
other departments involved. The implication of all these e'aluation 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 response 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 
r 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 describing 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 maps of the station, showing all access features, 
camera surveillance zones, and other important facts. Responding police officers 
also require these handy facts and should have them readily available (e.g., as 
part of the small loose-leaf notebooks they carry with them at all times). 

6.3.5 Response Authority 

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 
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pce officer of the incident.. As a result the operator may either reay re- 
.sporse.. instructibns or may hand over management of the incident to that higher 

2Jth03ty. 

6.3.6 espo.hse to Suspected Criminal Activity 

The videotape and audio recorders should be in continuot.is operation during 
every gnificant event, especially if a criminal incident is taking p'ace. The 
operator should be recotding the event using the camera that shows the clearest 
image of the suspect, the victim, the suspected criminal activity, 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 i taking place, uTh automatic gate- 
locking devices to contaii the suspect, stopping of elevators and escalators, closing 
(or opening). of selected doos/gates, re-directing of vehicles in the system and 
using existing clontingency plans (e.g., for station evacuation, bomb threats, hostage- 
taking). In the events of system failures, all automatic locking, devices shou]d have 
reliable (but secure) methods for manually bypassing Euch locks.. Many transit sys- 
tems are inherently designed to make apprehensions relatively easy, sfince they typi- 
cally restrict escape to the exit gates or to tracks and guideways. Dfrect cOmmuni- 
cation between the CCTV operator, or someone (like a desk officer) with the same 
monittr 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 Qfficers 

When an officer is on patrol at the station, the operator (or saiperior offi- 
cial) m . st establish radio, telephone or public address contact with tnimfher and 
direct that officer to the incident location. Wep the statioa is part of: a multi- 
station patrol area for the of ficer a more difficult and slower sequence may re- 
sult. Good communication facilities are essential, and the contacted offlcer 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 patrol and long head- 
ways ate sometimes in effect,.it may take considerable time (20-30 iii mutes) 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 sigTificant1y. T.tais may or may 
not be adequate, depending upon the incident in progress (e.g, rape vs. purse .snatéh- 
ing).. The operator should Know vehicle schedules and the location oi all police offi- 
cers and transit personnel in the system. More or less complex and sophisticated 
techniques are available to accomplish thfl purpose (from simple phone-in to costly, 
automatic radio transpon4er tracking). Considering the countermeaEures potential of 
the CCTV surveillance system and rapid coip,munications techiliques, evetything possi-. 
ble should be done to shorten the time required to get a. police office to the scene. 
Once a suspect escapes from the transit .propert' and is on the streets outside, 
local police usually muSt be called with a description to aid in the apprehension. 

6.3.8 Inhibiting Effect of CCTV on Responding Qfuicers 

With the prevailing concern over charges of "police brutality, some police 
officers making an apprehension in a crim,inaJ incident hesitate to use necessary 
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force to subdue a resisting suspect, if thos officers know they are being ob- 
served on camera and being videotaped for possible evidence purposes. This 
could result in injur' 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 Direct 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 
contact with a specific passenger is to use the public address system to direct 
that. thdividual to go over and pick up the passenger assistance telephone (e.g.1 
"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 proper 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 
purpósle. - 

Depe'nding on the transit system design and the purpose. of the CCIV 
operation, nany other interactions can take place between operators and passen- 

o 
gers Some of these interactions would have more to do with passenger con- 
venience services than with security or safety. For example, passenoers may 
call to request directions for reaöhing their destination or to report a lost chil4. 
Pre-planried 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 eent.ial that operators develop confidence in the surveillàñce systems 
and the organizations responding to it That confidence can be seriously diminished 
by excessive equipment failures, false alarms, undependable indjviduals needed to 
aid the response, inadequate support and folloW-up resources or other reasons. For 
example, a 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 a continuation of a recent 
series of camera malfunctions and 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. 
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8. COSTS 

'8.1 LIFE-CYCLE COSTS 

8.1.1 G9neral 

To aid the readet in calculating the costs of a potential CCTV transit 
station security system, this chapter identifies typical categories of costs and 
provides some repres.elntatiQe dollar figures of possible. items for which one must 
pay. It is concerned only with economic costs. In the earlier chapter on system 
evaluation, nonconomjc (e.g., social and political) casts were addrsed, and 
those also shoutd be kept in mind. 

Depending on size, pricing licies, construction requirements and many 
other factors, a CCTV traflsit 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 and a ramp area, using eitht thonochrome ëameras and eight 10-inch moni- 
tors, an autOmatic sequential switcher, a videotape recorder and 17-inch monitor, 
a4wo-way audio system, and no special installation problems, at low prices based 
on authorized Federal SuppIi sëhedules (General Services Administration), actually 
was purchased for about $12,000 ($1,500 per camera/monitor). This is considered 
an unusually low cost, ad should nlot be the expe.cteld purchase cost. of most 
systems. It is also essential to note that many other development, operation, 
and maintenance costs are incurred, whiäh could easily and rapidly exceed the- 
purchased equipment eosts This chapter provides some perspective Si all of -' 
those cost components. 

4 

8.1.2 Cost of Ownership 

To establish a cbmprehensive frame*ork for estimating all economic costs, 
the life cycle of a transit system can be used to define a series of stages, and 
then costs can be computed for each stage. The life cycle of a transportation 
system has been classified by othePs, 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, RD&D, 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 cycle are relevant 
to his/her cost computations. ln most instances, it is expected. that the Acquisition 
arid Use periods would inclUde the applicable cOst categories. (3, 5, 6) 
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TABLE 8-1. LIFE CYCLE OF TRANSIt SYSTEM 

Period Phase Stage 
Research, Desigh 

$ 

Novel System Concept FormUlation and 
and Development Development LDefinition 
(RD&D) Technology Development 

and Demonstration 

Acquisition Revenue Concept Selection 
System 
Engineeripg System Definition and 

Planning 

Detail Design and 
Development 

Property Construction, Fabrication, 
Development Assembly, Test and 

Checkout 

Use Operation Operation, Maintenance, 
Modification, and Removal 

Within each category one must consider the costs of pin'chësed items 
(equipment and materials), labor (designers, operators, technicians, and other , system employees), travel expenses (tfanspOrtation, per diem, etc.), outside 
services (consultants, etc.), and any other miscellaneous expenses (e.g., leased 
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 End 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 accordance 
with generally accepted accounting principles. They include office 
equipment as Well as CCTV apparatus. Upon system removal,, a. 
scrap value credit may be realized. 

2. Fixed COStS, such as needed to maintain and operate the activities at 
ally stage of the life cycle. They include wages, employee bene 
fits (holidays, insurance, etc.), utilities, insUrance, leasing and 
renting costs. These costs can increase if the gross activity 
level re4uires more permanent personnel. 

3. Variable costs, which are incurred in accordance with activity level at 
ans' stafl. They incluØe repair and replacement costs, office 
supplies, etc. 

4. G,eneral and administrative epenses, which are allocable to the system 
activity in accordane With ënePally accepted accounting 
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Kaiser Engineers California 
Kaiser £;'neers iCa:'crnai Corporation 
A Subs:,ar c P.ar:fl Kaiser Engineers Inc. 
c Sc '.a'r, S'tt ir Eioor 

An;ee. Ca:lt3rr.o 93D13 - 

2 2i 972.6C3 

DECEMBER 21, 1982 

I(I)14ifl1*JS(sj SflUW1 
FROM: P. H. Burgess 

"C 

Job 1k: 81152-403 
WBS It: 14 CAC 

rfr= 
RE: ALTERNATIVE ANALYSIS -- COMMtJIUCATION SYSTEM 

This is in response to a December 20, 1982 request by your 
staff to write you a memo to be inserted in the appendix of 
our revised WBS #14 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 eas 
versus higher illumination, was Suspended after the teto1ogy 
assessment phase of the alternative analysis showed that 
moderately pric?d cameras are available with aperture control 
range that precludes the need for ettra illtthhation 

On March 17, 1982 we confirmed, by po, that we would evaluate 
six coiunications alternatives under task WBS #14 CAC.. On 
June 14, 1982, we included the controlled aperture CV alter- 
native in a cothposite list of alternative analysis subjects 
that we had ana1zed or were c6ntinuing to analyze. 

On April 27, 1982, we discussed with Metro Rail staff 
si.narized results of the analysis work completed r.a that 
date. Our Nay 28, 1982 memo to you advised that w had 
suspended the TV camera aperture control alternat± e analysis 
because we had verified that a readily available, easonably 
priced, general purpose camera tuith automatic 11gb: copeft- 
sation would accoodate the range of minimum emer: ancy 
lighting to maximum illumination for passenger station appli- 
cation. 

Our July 19, 1982 WB.S #14 CAC draft report stiarize& the 
analysis work that had been done and the significant results 
and conclusions. 

As requested., we will append these written counicat-ions to 
our WBS #14 CAC final report, including a copy of Chaptar VII 
of our draft report. 

40 cc: C. 

D. Wellington 
A. Adela. 
D.. Schuler 

PNB/lm 
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June 14, 1982 

KAISER ENGINEERS, INC. 
425 SOUTH MAIN STREET 
6th FLOOR 
LOS ANGELES. CALIFORNIA %O1 
TELEPHONE: (213) 972.6033 

File: 81152-100 
WBS: 1IDAF A/2439 

MEMO TO: W. 3. Rhine 

FROM: P. M. Burgess 

SUBJECT: Composite List of WBS 14 Alternativest 

Following is a list. cothbining the eight separate lists of 
alternatives I forwarded to you with eight merno±anda 
all dated"4, 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 
altern&tive analysis work and for keeping track of changes in 
terminology. 

* This is a Basic Data Subject 

/?' \TcJE 
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ALTERNATIVES 

Date Delivered 
Passenger Vehicle WBS: 14CAA Ma . EliT77l982 

S1. Vehicle Configuration 
A. Semi-peEmaneht dependent pairs (sbared.equipment). 
B. Quick separable dependent pairs (shared equipment). 
C. Double-ended single cars (controls each end). 
D. Single-ended single cars (controls one end only). 

2. AC (60hz and 400 Hz) vs. DC Auxiliaries. 

3 Chopper vs. Cam Controller.: . .. .. 

4. Disc vs. Tread Brakes (Or both). .. H. .......... . 

5, Wheel biameter (.28 inch P:niwum to 34 inch maxi). H . H. 

6. Roof Vs Undercar Airconditioning. 

7. Material and Structural (steel, aluminum, or comhinatson}. 

Train Control WBS 14CAB March 17, 1982 

.1.. Reverse Running: . .. . 
. 

A. Full protection for close following moves. 
B. Headblock to headblbck with no following may es between 

interlockings. 
.. 

2. Automatic Vehicle Identification: .................. : 

A. Passive - intermittent (only reads labels for vehicle 
......... and traininfotmation).: ....................... . 

B. Active - intermittent but can be used fo±: 
1. Automatic track switching. 
2. Control of station destination signs. 
3; Control of train arrival arid boarding location 

indidators. . 

3. central Control: 
A. Mimic Panel vs. banked CRT display. ... 

B. Operator interface via CRT vs. control console; 

4. Platform Train Destination Signs: . . H 
A. Signs triggered by wayside AVI. . . 

B. Signs controlled by Central CPU (possibility of having 
equipment cost underwritten by advertising). 

. 

C. No platform destinatiqn signs. . 

5.. ScOpe of Starter Line ATO; 
A. Automatic speed regulation. 
SB. Progratmed station stops.. 
C. Automatic station dispatching. 
D. Automatic door closing. 
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ComxñunicationE WBS: 14CAC March 17, 1982 a W1. Vehicle radios fixed or remoab1e, as in a combination 
having an installed handset. 

2. PABX, maintenance and emerqency telephone systems, separate 
or combined employing common equipment. 

3. Lease vs. purchase of telephone systems. 

4.. controlled aperture CCTV, for dimly lighted areas, vs. 
higher illumination.:.. .. : 

.: H 

5, TV monitors sequenced or split screen, or combination. 
-i 6. Cable transmission via fiber optics, vs. multi-conductor cable, vs; coa*ial.cable. ..... ..:..::.. ... H.. .J.. -..jYH.: ......... 

Electrification System WBS:. 14CADII::.:.::.nn: .... : March 17, 198.2 

TractjoñpowerH- ... ..:v: 
.H:::.r 

H.:: 1, Substationconfiguration single unit vsL double.unit..j. .... 

2. Substation spacing and location at passenger station vs. 
.. intermediate other locations. .............................. 

: ............ n;.:;:: 
3. Substation cooling system, self-coo ling vs. forced cooling, .::T: 

dry vs. liquid. .. 

4 contact rail, aluminum with stainless steel cap vs. steel 
rail with extruded alürñinum sides.v ....... . .... .:.i: ..... 

:.n:n.n. 
5. Switchgear Overload protection, breakers vs fuses. :ns:::.: . 

6. cable and raceway system in tunnel exposed conduit vs. embed4eld. 

Auxiliary Power ES: 14CAD12 March. 17, 1982 

1. Primaty pOwer supply integration with traction power 
separate feeders from utility company.. 1 : .: 

2. secondary power distribution, radial vs. dual selective. 
3. Emergency standby power supply, DG/tJPS vs. turbine-generator/UPS.. 

4. Tunnel lighting fixture, fluorescent vs. incandescent Or 
high intensity discharge. ... : 

S. Secondary distribution equipment panelboards vs. switchgear.. 

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

7. Low voltage ssdtching System, large ACB vs. fuses, insulated case 
vs. fuses, molded case fuses, drawoutvs. fixed.-::: 
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Fã.±e Collection WSS.: 14CAE11 March 17, 1982 

1. Self servite vs. barrier. 

2. Flat fare structure vs.. graduated. 

3. Bus fare compatibility. 

4. Special fares capability. 

Auxiliary Vehicj.es WBS.:: 14cAE13 : March 17, 1982 

1. Self propelled thaintenance and service vehicles vs. locomotive 
and unpowered vehicles. (Types of self-propulsion might 

:..e 3rd rail, diesel or both). 

2 Rail grinding and track alignment equipment procured during 
construction pr deferred. (Equipment could be purchased or : ... 

leased; it will be needed befor& st4rt of revenue operations 
and again after approximately two to five years of operation). 

Escalators and Etevators WBS.:, l4BAG .:.::: ... -MArch .17, 1982 

Escalators 
: 

1. One standardized width foE all. stations vS. sized according;..:. 
to projected patronage. 

..................................... 

2 Treadle operated vs. supervised starting and stopping. 

3 Long escalators vs segmented design 

4. Inclined moving sLdèwalk vs. escalator for short rise. 

Elevators ., 
-. .. . H .. 

1 No laternative developed in WBS 14BAG 

Vehicle Maintenance . . .. . 

Shop Equipment WBS l4AAGl1. March 17,19.82 

1. In-floor vehicle hoists vs. portable jacks for lifting. . 

vehicles. . 
. .... .. 

2. Shop stinger system vs. self-propelled car switcher.. 

3. Shop lubrication system vs. portable lub carts.. 

4. Shop air system vs. electric powered tools. 

5 Lathe vs. milling method for wheel truing. 

S., 
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INTEROFFICE MEMORANDUM 

0 P. M. Burgess 

-. 

DATE March 22, 1982 

.: 
FoM -A. Y. Adele, JrF\ 

COPE5TO .TcA).-) 
II AT 08 601 Oakland 

JOBMO 81152-403 

SUBJECT RID METRO RAIL PROJECT 
COUNICATI0N SYsTEM 

S 

U 

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

1. 1 footcandle- level of lighting as against aperture control 
of TV camerAs for higher FC light level. 

a There is no operational and cost difference involved. The 
type of can era with autOmatic light compensation applicible 
for 1 PC and 2 PC ot mote is the same. General purpose 
cameras will, be used with options. The ranges are as 
follows: 

Tpe of Carnérá 

General Purpose 

Nvrmal Light RAnge. 

Low Light Level 

Seüsitivity 

1FC - 100 FC S400t &.q 6 F ,000FC) 
C,e,e.tcvo Paz Tcje. c",s w/yog. . 

O.1FC--- 1FC 
ZCm< 

O.O1FC - O.1FC 

Very LOw Light LevEl O.001FC - O.O1PC 

2. Masterclosk programmable ag&inst non-programmable control unit. 
There is no considerable difference in the functions requited.. 
Prograable control units are mOre complex and expensive as 
against a non-progrnimnable. The following features envisioned 
to be required for the Masterclock System are standard to both 
types. 

1. Central reset 
2. Hourly correct-ion 
3. Instant reset aft&r power failure 
4. Pre-set timet for standard and daylight savings t-iEe 
5. 12-hour correction 

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

/ spt 
attachment 



KAISER j, ENGINEERS \' JL Hr2 J 
- - A 

INTEROFFICE MEMORANDUM :'- 

to P. N. Burgess DATE April 27, 1982 
RE - Los Angeles 

rno -A. P. Adela, Jr. 

coplEsto Ed Freeman, DII 
AT 0B601 

JOSNO. 8-1132-403 

SUBJECT COMMUNICATIONS SYSTEM 
ThS 14 CAC DESIGN ALTERNATIVES 

This is to confirm our recent meeting with the client regarding 
the various destign.alternatives to be evaluated. 

1.. Radio Service - Passenger Vehicle 

a. Fixed 
b. Removable 

1. Non-operable 
2. Operable 

2. telephone Service 
Equipment Configuration 

a. PABX, FAX and Emergency Telephones as separate equipment. 
b. Cotbine two or three services in one common equipment or 

7instrument - 

Method of Acquisition: 

a. Lease 
b. Buy 

3. Closed Circuit Television (CCTV) 

a. Sequencer 
b. Split Screen 
c. Combination 

4. Cable Trarxsission Service (CTS) 

a. Fiber Optics 
b. Paired Cables 
c. Coaxial Cables 

The folloving 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 - .2 - 
RE - Los Angeles 

1.. The requirements for emergency lighting 
established by NEC and Section 5 of the 
(NFPA 101) , vhich states that the light 
be less than 1.0 foot candle measured a 

A. P. Adela, Jr. 
April 27, 1982 

are primarily 
Life Safety Code 
level shall riot 

t the floor. 

2. The locomotive headlights, classified by the Federal 
Railroad Administration 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. distance from the light to camera lens, with 
direct exposure, the vertical illuminatiot level will be; 

PC = Candlepower x slit 4 
Distance Squated 
300,000 :X Sin 5° 2.6147 .261 PC 

102 100 

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

4. As previously mentioned in my memo of March 22, 1982., the 
general purpose camera with automatic light compensation 
will be able to Iand1e the mininium emergency lightfng level 
of 1.0 Pc and a maximum of 1000 PC; 

APAIj ln 
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KAISER ENGINEERS. INC. 

k 
425 SOUTH MAIN STREET 
6th FLOOR 
LOS ANGELES. CALIPORNIA 90013 

May 28, 19 8 2 TELEPP4&E: (2131 9724033 

File: 81152-403- 
WBS: 14cAC A/2439 

MEMO TO: W. J. Rhine 

FROM: P. N. Burgess 

SUBJECT.:. WBS 14CAC Telephone Leas.e vs Buy 
Alternatives Analysis 

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

We were informed by the telephone representatives that a 
recent anti-tÜ2.t court ruling against the telephone company 
precliies any.urantee that Pacific Telephone will be in 
the leasing buS-ijess duting the time we will be procurinq 
telephone services or equipment. Therefore, as discussed with 
Jim Trani and Mike Becher, we bave discontinued the analysis 
of the lease versus buy alternative. 

We plan to address the lease ks bt' subject again in WEE 16CAC. 
work when we expect to have more dei.T4te info;ation regar4ing 
the possible deegülatior of comrnuniaation utilities and its 
effect on leasing vs. owning options. 

Our WES 14CAC Alternatives Analysis report will include a 
narrative of the previous work that was dons on this alterati-ve 
sub j e c t. 

Coincidentally the report will briefly address the subject of T.V. 
Camera aperture control versus incre3sed illumination on which 
we suspended the analysis because our technology assessment 
showed that moderately priced cameras have recentl . become 
available with aperture. ton trol range that precludes the 
need for extra illumination. -- 

PMB:mea 

A RAYMOND INTflNATIONAL COMPANY 



CHAPTER 7 

CLOSED CIRCUIT TELEVISION APERTURE CONTROL EVALUATION 

7.1 INTRODLJC] ION 

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 syst stations and yards. The analysis was suspended after 
the initial technology assessment showed that moderately priced 
csmeras 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. 

7.2 DESCRIPTION OF ALTERNATIVES 

7.2.1 1.0Footcandle of Lighting: 

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

t.2.2 Higher Level of Lighting 

Normal lighting in stat-ions and concourse areas is maintained at a 
level of 100 to 200 footcandle. The cameras intended fot these 

areas do not requite highly sophisticated control functions as long 

- as the lighting levels are maintained. 

7.3 RESULTS 

The requirements for emergency Lighting are primarily established by 

NEC and Section 5 of the Life Safety Code (NFPA1O1), 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 trairay is that of a locotive headlight. 
These are classified by the Federal Railroad Administration as road 

service headlights giving 800ft object visibility. Each lamp 

projects a beam about S degrees wide of 300,000 candles, which 

converts to 261 footcandle as shown below. 

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

- 

candlepower x sin (theta) 
fc= 

distance squared 

300,000 x sin 5° 26147 
= = =261 

io2 100 

Although the calculated illumination level -is high, the camera lens 
willnot.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 
cameras1 with options, will be used. The ranges are as-follows: 

Type of Camera Sensitivity 

General purpose 1 ft - 1000 fc 

Normal light range 0.1 fc - 1 fc 

Low light-level 0.01 fc - 0.1 fc 

Very low light level 0.001 fc -- 0.01 ft 

_4- -Ia 
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APPENDIX H 

TELEPHONE LEASE VS. EU? EVALUATION 
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SMay 28, 1982. 

KAISER ENGINEERS. INC. 
'25 SOLTTP4 MAIN STREET 
6th FLOOR 
LOS ANGELES. CALIFORNIA 9i3 
TELEPM0NE 123I 9724Cr 

File: 81152-403 
WBS: 14CAC A/2439 

MEMO TO: W. J. Rhine ,, 

FROM: P. N. Burgess 

SUBJECT: WBS 14CAC Telephone Lease vs Buy 
A1terhätWe AtialEfl 

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

We were informed by the telephone representatives that a 
recent anti-turst court ruling aqainst the telephone company 
preclules any gurantee that Pacific Telephone will be 4M 
the leasing business du±ing the tithe we will be procuring 
telephone services or equipment. Therefore, as d-iscnssed with 
Jim trani and Mike Becher, we. have disoontinued the analyEis 
Of the lease versus buy alter native. 

SWe plan to address the lease kTs buy subject again in WBS 1GCAC 
work when we expect to have more definite information tegatding 
the possible deregulatjo of cornmunicaton utilities and its 
effect on leasing vs- owning options. 

5 

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

Coincidentally the report will briefly addressthe subject of T.V. 
Canera aperture control versus increased illumination on which 
we suspended the analysis because our technology assessment 
showed that moderately priced cameras have recentit become 
available with a9erture. control range that precludes the 
need for extra illumination. 

A RAYMOND INTEPNATIONAI. COMPANY 



ci: 

CHAPTER 6 

TELEPHONE SERVICE. 

LEASE vs. BUY EVALUATION 

6.1 INTRODUCTION 

In this alternative, Kaiser Engineers was to analyze leasing 
and purchasing options for the telephone equipment. 

6.2 DESCRIPTION OF ALTERNATIVES 

6.2.1 Lease 

6.2.2 

Leasing the PABX and PAX main fres, including lines and telephone 
inStruments, is the dUrrént 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. 

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

6.3 RESULTS 

A preliminaT functional specification was prepEred by Kaiser 
Engineets and presented to the telephone compaüy for a lease 
quotation. A meeting was held at the Metro Rail project premises 
and was attended by representatives of Pacific Telephone, Kaiser 
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. 


