








Train and Track Surveillance

Train and track surveillance involves monitoring
the train, the track, and areas immediately adjacent
to the track for safety-related conditions. It can also
involve monitoring adjacent tracks and trains
operating on them. passenger security, though
clearly a safety-related matter, is not usually con-
sidered a part of the train and track surveillance
function, Door monitoring and control, another
safety-related function, is considered here to be a
train operation function.” Train and track sur-
veillance are essentially human roles in al operat-
ing rail transit systems today, but the amount of
human involvement varies widely.

Train surveillance is concerned with monitoring
the status of the train and its passengers. Onboard
operators (motormen and conductors) traditionally
perform this role. The primary advantage of the
human in such a role is his ability to comprehend
and interpret many diverse types of inputs. Except
a PATCO and on the MBTA Green Line, the opera-
tor of a train is typically confined in a space that is
physically removed from the passengers. His pri-
mary role in train surveillance is monitoring the
status of the equipment. Conductors, if present,
have more freedom of movement and can some-
times go to the scene of a possible problem to deter-
mine its nature and severity.

Passengers may provide some train surveillance
functions. In systems where they can communicate
with employees, they may report onboard condi-
tions. Two-way communications systems are pro-
vided a Sea-Tac and AIRTRANS, where the vehi-
cles are unmanned. It is likely that passengers could
become more involved in train surveillance in auto-
mated small-vehicle systems.

Onboard operators provide the track surveillance
function at all operating rail transit properties. In
the closed environment of Sea-Tac, essentially no
track surveillance is performed. At AIRTRANS,
another special environment, only minimal track
surveillance by roving employees is provided.

Under ideal conditions, little, if any, track sur-
veillance would be required. Humans external to
the system cause most of the problems requiring
track surveillance. Trespassing, vandalism, and
suicide attempts are three of the most commonly

95Some transit engineers consider door control to be a train
protection function because of its relationship to safety.
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cited factors which make some form of track sur-
veillance necessary. Here again, the human is un-
surpassed in the ability to identify and deal with a
very broad range of track surveillance problems.

While a human can act to prevent some acci-
dents, he cannot prevent al of them, partly because
he simply cannot stop the train in time. If one were
to assure an instantaneous response and brake ap-
plication along with a rather high braking rate of 3
mphps, it can be calculated that the minimum stop-
ping distance from 60 mph for a typical train is 880
feet, and 220 feet at 30 mph. Clearly, there are many
situations in which the potential hazard is either not
visible at this distance or is created within the stop-
ping distance of the train, (Suicide attempts are the
classic example here.)

Damage assessment is a track and train sur-
veillance function which can be performed by
humans. When something has happened, a human
can assess the damage to track or train and deter-
mine if it is safe to proceed.

Train Separation

The function of train separation is to maintain
physical separation between following trains so
that they are not in danger of colliding with each
other. In the simplest manua system, train separa
tion can be provided by the operator who drives the
train much as a person drives an automobile. He
must know the maximum safe speed with which he
can approach curves and other places of limited
visibility, and he relies upon seeing the train ahead
and taking appropriate action to prevent a rear-end
collision.

Figure A-2 illustrates the basic principles in-
volved in automating the train separation function,
The dashed line indicates the theoretica speed-dis-
tance relationship that a following train could
maintain and still be able to come to a stop before
reaching the end of the train stopped ahead.

When a block-type detection and speed com-
mand system is used, the location of the train with-
in a block is not known accurately, Therefore, the
train must be assumed to be in the most hazardous
location, i.e., at the rear of the block. In the example
shown, the train is amost out of block BC but must
be assumed to be at the location shown in dotted
lines. The shift of the theoretical speed-distance
profile can be seen to be essentialy one block long.
In general, the shorter the blocks, the closer the at-
tainable spacing between trains.

179



8

(a)}—theoretical spesd-distance curve for following train ¥
{b)—actual speed-distance curve for following traln Y as &
result of block signaling system -

c)—spoed commands given to forlowlnq train 'Y as the block signaling

(high-medium-2ero speed aspects are shown here)

FIGURE A-2—Train Separation in a Conventional Block Signaling System

Many arrangements of speed commands are
possible. For example, if the commands were only
stop or go, al signals shown (except perhaps the
ones at A and E) would indicate stop. It is fre-
quently desirable for operational reasons to have a
train approach closer than the safe stopping dis-
tance from full speed. In such a case, an intermedi-
ate speed command would be provided, as shown in
the block DE. A train traveling in this block would
receive an intermediate speed command followed
by a zero speed command from point D. One can
readily see that the shorter the length of blocks and
the greater the number of speed commands, the
more closely a train can follow the theoretical
speed-distance profile. Obviously, the system for
accomplishing this becomes more complex and ex-
pensive as block length is shortened.

It should be noted that a number of factors used
in the actual design of a system are not shown in
this simple illustration. There is some system
response time involved before braking is initiated.
Grades may reduce the actual effectiveness of the
brakes. No safety factors are included. Some
systems provide additional blocks between trains,
All these tend to further increase the spacing be-
tween trains.

The difference between intermittent and con-
tinuous speed command transmission can be seen
here. Suppose the train is moving and, in a brief in-
crement of time clears block BC. Block CD will im-
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mediately indicate the intermediate speed and
block DE will go to full speed. If a following train
were just a few feet into block DE when the speed
command in that block changed, the operator would
have no way of knowing it if the speed command
were transmitted by a visual signal located at E. He
would have no indication of a change in signa
status until the signal at D became visible. By con-
trast, the continuous, or cab, signal would im-
mediately indicate to the operator that he could in-
crease his speed. An additional advantage of cab
signals is that a train can move into block DC to stop
whereas, with wayside signals and trip stops, the
train would stop at D, or even farther back.

All rail transit systems to date have been
designed on the assumption that a leading train is
either stopped or will stop instantaneously. It can be
seen that trains could follow one another much
more closely if a less stringent assumption could be
made about the stopping of a leading train. This is
precisely what is proposed in many short-headway
PRT systems where position, velocity, and ac-
celeration of a lead vehicle would all be considered
in establishing headways. Some studies of PRT
headway have shown, however, that removing the
brick-wall concept reduces minimum achievable
headway by only a small amount.

So far as is known, there are no rail rapid transit
systems planning to abandon the traditional train
separation philosophy. The major differences in



train separation practice are associated with the
way in which train separation commands are en-
forced, Intermittent or wayside signaling systems
provide train separation by use of trip stops.” Con-
tinuous or cab signaling systems enforce train
separation using onboard equipment. A safe speed
command is transmitted to the train and equipment
on board insures that the operator initiates action to
slow the train as appropriate.

Humans play a role in train separation under at
least some situations. In some locations, operators
are permitted to approach trains ahead of them
more closely than would be permitted by the signal
indication, This is always done under strict pro-
cedural controls. It maybe done at highly congested
stations or in emergency situations. Practically
speaking, the maneuver is identical in nature to
driving one bus up behind another bus which has
stopped.

Route Interlocking

Route interlocking is the process by which trains
are prevented from making conflicting moves, i.e,
moves that would be unsafe. Typical conflicting
moves are those which would cause a train to col-
lide with another train, to go off the end of the
track, or to run through an open draw bridge. Route
interlocking involves monitoring the presence and
position of the trains in a system and the positions
of the track switches. The information from the
monitors is processed by logic, usually the front
contacts of vital relays, and used to inhibit or permit
the movement of the trains. As an example, when a
train is dispatched from one location to another and
the trip involves passage of the train through one or
more track switches or crossovers, the route in-
terlocking allows the train to proceed through the
switches and crossovers only when it is safe to do so
and prevents other trains from entering the route
until the first train has safely passed.

Information on the presence and location of the
trains is obtained from the train detection system,

98 A trip stop 1s a mechanical device which islocated near or

between the running rails; it is associated with a wayside signal.
When the wayside signal indicates that a train is to stop, the trip
stop is positioned so that it will apply the brakes of any train
which attempts to pass the wayside signaL When the wayside
signal indicates that a train can proceed, the trip stop is
mechanically positioned so that it does not affect the brakes of a
passing train. Thus, the trip stop enforces a stop command pre-
sented by the wayside signal.

as described earlier. Information on the status and
the position of the track switches is monitored by
the route interlocking. Before a route is alined for a
train, it must be determined that the proposed route
will not be in conflict with an existing route for
another train. If no conflict exists, then the ap-
propriate track switches must be positioned and
their positions verified. Then each switch must be
immobilized and locked until the passage of the
train has been verified. These precautions are
necessary to insure that the switch positions are not
changed after the route has been ained and to in-
sure that a switch is not moved under a train. Either
of these events would be unsafe.

Route interlocking is an essentia part of the train
protection for all but the most simple transit
systems. As system complexity increases, route in-
terlocking assumes greater importance. Early route
interlocking functions were often accomplished
through the use of complex mechanical devices
which prevented establishing potentially hazardous
switch positions. Some such equipment is still in
use. New instalations are al equipped with electri-
cal or electronic logic which, may also permit
remote actuation of switches and signals.

Overspeed Protection

Overspeed is the condition where the actual train
speed is greater than the intended or commanded
speed. Overspeed can be dangerous because the
train may derail if it goes too fast around a curve or
the train may have a collision because it is going too
fast to stop within the available distance. It is the
responsibility of other train protection system ele-
ments to determine the alowable safe speed and to
assure that the commanded speed does not exceed
the allowable safe speed.

Basically, overspeed protection has two inputs
and one output. The inputs are commanded speed
and actual speed. A signal enabling or inhibiting the
propulsion and braking system is the output. A
comparator, either a man or machine, compares ac-
tual speed with commanded speed and determines
if propulsion power can be applied or if a brake ap-
plication is required. The overspeed protection
function can be accomplished on board the vehicle
or through the use of wayside equipment.

All transit systems that use cab signaling also
have automatic overspeed protection. In order to do
this, it is essential that the onboard speed measuring
and comparing device have a virtually zero prob-
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ability of failure in an unsafe mode, Even though
single tachometers traditionaly have been regarded
as “fail-safe,” redundant tachometers are some-
times used. The outputs are compared, and if dis
agreement exists, a failure is assumed to have oc-
curred and the overspeed protection logic treats this
as an overspeed condition. A more frequently used
approach, though, is a fail-safe speed measurement
system not requiring redundancy that reduces
relighility .

It is not uncommon for a cab signal display to fall
without failure of the overspeed protection system.
Under such conditions, the operator can run the
train safely but may have difficulty in maintaining
the desired speed without exceeding the overspeed
limit, The audible warning devices that are nor-
mally provided permit the operator to run without
cab signals without receiving a penalty brake ap-
plication.

OverSpeed can be detected and controlled from
the wayside. Through the use of timing circuits and
known lengths of track, it is possible to determine if
the average speed of a train over a certain distance
is equal to or less than the alowable safe speed, If
the measuring distance is short, an essentially con-
tinuous overspeed protection can be provided, If the
measuring interval is long (say tens or hundreds of
feet), only an average measure can be obtained, so
the instantaneous value could exceed the intended
limit,

TRAIN OPERATION

Train operation consists of three major func-
tions:

Velocity Regulation
Station Stopping
Door Control and Train Starting

In the traditional concept of signaling, train opera-
tion is not considered a safety-related aspect of train
control. However, there are some safety aspects of
train operation. If abrupt starts, stops, and changes
are made, passengers may be thrown down and in-
jured. If door control is assumed to mean the
monitoring of the status of the train doors,
passenger safety is also involved,

There is some disagreement among train control
engineers concerning the functional relationships
among train operation, train protection, propulsion,
and braking systems, Some consider control of jerk,
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dip-dide, and flare-out as train operation functions;
others consider them to be propulsion and braking
functions. Some consider door control a part of train
protection (because of its relation to safety); others
place door control within the province of train
operation. These subjects will be touched upon
briefly below.

Velocity Regulation

Overspeed protection is designed to prevent a
train from going too fast. Velocity regulation is con-
cerned only with controlling the speed of the train
in response to operational needs. Velocity regula-
tion systems are “nonvital,” that is, they are not es-
sential to the safety of the system.

Velocity regulation may be accomplished by a
man or machine, When a man acts as the controller,
he simply compares the actual speed with desired
speed and tries to minimize the difference between
the two. The desired speed may be presented in the
form of wayside or onboard displays. Actual speed
is determined from speedometers on board the
vehicle, A human controller uses a handle of some
sort to control speed much as an auto driver uses an
accelerator pedal. In such a system, the hand on the
handle is the interface between the train control
and propulsion and braking systems.

A machine controller performs exactly the same
functions as a man, but the control signal is pro-
vided in the form of an electrica signa to a con-
troller in the propulsion and braking equipment.
Most ATO systems to date have provided this signal
in a combined digital and analog form. The system
designed for WMATA uses a completely digital in-
terface,

For operational reasons, it is sometimes desirable
to modify the speed of the train. This is usually
caled performance level modification, Here, a com-
mand (verbal, visual, or electrical) is transmitted to
the train telling it to run at a selected fraction of the
commanded safe speed. Performance level
modification is not a safety-related function.

Performance level modification is normally ac-
complished on board the vehicle. In manual
systems, an operator may receive a verba or visual
instruction to operate the train at reduced speed. In
some systems, notably NYCTA, performance level
modification is not normally used, Trains are held
at stations rather than operated at slower speeds
between stations, Both BART and WMATA pro-



vide transmitters in stations and at other critical
locations to send performance level reguests to the
train. Performance level modification is thus ac-
complished automatically without operator inter-
vention. Baltimore is considering a performance
level modification system in which a visual
wayside display is provided to an onboard operator
who then manually sets the desired performance
level for the next segment of the trip.

There is a genera trend toward the use of auto-
mated velocity regulation. The two newest systems
in operation (BART and PATCO) employ auto-
mated speed regulation, NYCTA is planning to in-
stall it (and other features) over a long period of
time with the objective of eliminating the conduc-
tor, MBTA has installed velocity regulation on the
new portions of the Red Line. CTA, however, opted
not to use automated velocity regulation on its new
cab signaling installation.

Station Stopping

Station stopping involves bringing the train to
rest a a selected location along a station platform
under some form of programed control. It is not
technically a safety-related function. Both humans
and machines perform the station stopping func-
tion.

In manually operated systems, the operator nor-
mally uses some reference mark as an indicator of
the point where he should initiate braking. This
mark may be any wayside object, possibly a marker
placed for the specific purpose of braking reference,
A skilled human can ordinarily stop a train within
an accuracy of a few feet. Variability in train
weight, performance characteristics, and track con-
ditions affect the human's ability to stop a train pre-
cisely. The required deceleration rate also affects
his performance. The higher the average rate, the
greater the variability in result.

The degree of sophistication of automated
program stop equipment is a function of the ac-
curacy required. PATCO utilizes two “triggers’
spaced some distance away from the station as
reference points for programed stopping, The first
trigger initiates maximum-rate deceleration. A sec-
ond trigger, roughly at the end of the platform,
causes the ATO package to measure the train’s
speed and adjust the deceleration rate accordingly,
A manually set switch in the train cab is used to
define train length so that the braking action will

cause the train to be centered on the platform
regardless of its length. Under adverse weather con-
ditions, the operator makes the stop manualy, ini-
tiating deceleration at a point marked by a yellow
pole on the wayside.

Where both station and train doors are used, it is
necessary to aline the train with the doors within an
accuracy of a few inches. Both Sea-Tac and
AIRTRANS have such a system. Information on
train weight, instantaneous position, speed, and
deceleration may be processed by an onboard com-
puter to achieve precision stopping. At BART, a
long wayside antenna provides the position signals
necessary for the onboard program stop computer.
Other needed information is derived and processed
on board.

Door Control and Starting

Some engineers do not consider door control and
starting to be train protection functions since the
opening and closing of doors present no hazards to
the train. Clearly, however, the safety of passengers
is affected by door operation, so it is common to in-
terlock door functions with train protection, a prac-
tice that leads some engineers to regard door control
as a part of train protection.

Three basic pieces of information are required
for the control of door opening, It is necessary to
determine that the train is in a proper location for
doors to be opened. If there are doors on both sides
of the train, the proper side must be identified at
each station, Assurance that the train is stopped and
will not move is required. (Clearly some of these re-
qguirements must be overridden in emergency Situa
tions.)

On starting, four conditions should exist before a
train leaves a station. The doors should be closed
and locked. No passengers should be caught in the
doors. It should be time for the train to depart. The
train protection system should indicate that it is
safe to move the train.

In manual systems, most of the door control,
monitoring, and starting functions are performed by
humans. When a conductor is on board, control and
monitoring of doors is ordinarily his most important
assignment. Lights are usually provided to indicate
the status of all doors. (It is worth noting that a 10-
car train may have as many as 40 doors, each with
two leaves, on each side of the train. Thus, 160 door
leaves must be monitored during the movement of
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the train through the system.) Because there is no
truly foolproof practical door, all U.S. rail rapid
transit systems have onboard personnel to act as a
back-up to insure that door closure is not initiated
when passengers are boarding and leaving and to
verify that no one is caught when the doors are
closed and locked.

Where trains are unmanned, a more complex
form of door control is required, In special environ-
ments such as the Sea-Tac and AIRTRANS
systems, door systems much like those of elevators
have been used. The platforms are enclosed and
doors on both train and platform must be closed and
locked before the train can move. Doors with
pressure-sensitive edges are used to prevent possi-
ble entrapment of passengers in a closing door. All
door functions are interlocked with the train protec-
tion system.

Jerk Limiting

Jerk is defined as the rate of change of accelera-
tion. Control of jerk contributes to a smooth ride
and from a rider standpoint, a somewhat safer one.
Customarily, jerk limiting is a function of the pro-
pulsion not the train control system.

Jerk limiting applied during stopping is some-
times termed “flare-out control.” It is identical to
the maneuver that a skilled automobile driver per-
forms just as the car is coming to a stop. By easing
off on the brake, the transition from deceleration to
full stop is smoothed out. Because there are safety
implications to releasing the brakes, flare-out con-
trol is usualy designated to be either a part of the
train protection system or to be interlocked with it.

In a manualy operated transit system the flare-
out function is performed by the operator much as it
is performed by an automobile driver. The smooth-
ness with which the function is performed depends
to a great extent upon the skill of the operator. In an
automatic train control system, the flare-out func-
tion can be performed automatically by sensing the
speed of the time when the train velocity becomes
less than some predetermined amount. It is neces-
ary that this reduction in braking effort be allowed
to persist only for a short period of time. Otherwise,
the braking system of the train could be disabled.
Accordingly, flare-out is controlled by a timer so
that the reduction of braking effort can persist only
for a few seconds. During normal operation these
few seconds are sufficient to bring the train to a
complete halt, and the brakes then are re-applied. It
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is essential that the design and the implementation
of the flare-out system be such that a failure cannot
permanently withhold braking action. Figure A-3 is
a schematic diagram of a typica automatic flare-out
control system.

Slip-Slide

Slip refers to the dlipping of wheels during the
application of power. Slide is concerned with
wheels diding when brakes are applied. Slip or dide
occurs when the tractive effort of the train exceeds
the adhesion capability of the wheels and rails. Ex-
cessive dlip, which occurs during acceleration, can
damage the propulsion equipment, wheels, and
rails, Slide, which occurs during deceleration, can
damage the wheels and rails; a wheel locked during
braking can be ground flat on the bottom if it is
dragged very far, with possible damage to the crown
of the rail as well. In addition, one or more dliding
wheels during braking can increase the distance
needed to stop a train because the coefficient of
friction between a sliding wheel and rail is lower
than that between a rolling wheel and rail.

Slip-slide control is traditionally considered part
of the propulsion and braking system, but it has im-
portant relationships with the train control system.
For example, correction of sliding during braking
can be obtained only by reducing the braking effort,
which has obvious safety implications. Either
through the design of the braking system or in con-
junction with the train protection system,
assurances must be provided that operation (or mal-
function) of the dlip-dide control does not perma
nently prevent application of the brakes when a
brake application is required.

TRAIN SUPERVISION

In general terms, train operation functions are
concerned with the movement of individual trains.
Train protection acts as a restraint to prevent acci-
dents for individual trains or between trains. By
nature, these two groups of train control functions
are tactical and localized, in that they deal with
short-range concerns for specific elements or places
in the transit system. In contrast, train supervision
comprises a group of functions concerned with the
overal regulation of traffic and the operation of the
transit system as a whole. Thus, train supervision
functions are strategic, systemwide, and more long-
range.
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The functions of train supervision are:
Schedule Design and Implementation
Route Assignment and Control
Dispatching
Performance Monitoring
Performance Modification
Alarms and Malfunction Recording

Recordkeeping

Schedule Design and Implementation

In most rail rapid transit systems, the functions
of schedule design and implementation are not con-
nected on a real-time basis. Train schedules are
evolved to meet the transit system’s objectives,
whether they be minimization of operating cost,
maximization of service, utilization of equipment,
or whatever. Most train scheduling in such situa-
tions is performed manually, with perhaps occa-
sional assistance from a computer,

Train schedules do not change frequently. Once
a basic service pattern has been established, it may
remain unchanged for months or years. The pri-
mary changes may be the addition of special trains
to provide extra service to specia events. This type
of extra service is usually provided in off peak hours
and presents no major train control problem. Pro-
viding specia crews is likely to be the most difficult
problem here.

Where major changes of schedule or operational
procedure are contemplated, it may be necessary to
utilize computer simulations. NYCTA has been
using such simulations for about a decade for ex-
amining complex scheduling and routing problems.
Simulations may also be used in the planning of
systems. Where systems are computer controlled,
provision may be made to use the computer for
simulations of possible operational changes.

Operational implementation of the schedule is
generally focused in some central control facility.
This facility may be simple or elaborate. Hierarchi-
ca control structures may be utilized, The primary
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functions of the control center are (1) receipt and
display of information on the status of the system,
(z) decisionmaking regarding action to be taken,
and (3) issuing commands for action. It should be
kept in mind that supervisory functions and deci-
sions may affect the safety of passengers, but train
supervision cannot override train protection con-
siderations.

Most control centers have functions beyond train
control alone. It is common to monitor and control
the electric power systems and other critical ele-
ments such as pumps and blowers in these facilities,
Monitoring of station platforms, fare collection
areas, or parking lots may also be carried out by
central control facility, Passenger service com-
munications may be provided, as well as some ser-
vice to the news media or the general public.

Route Assignment and Control

The supervisory system selects, assigns, and con-
trols the routes to be followed by trains. Under nor-
mal circumstances, the routes of a conventional
transit system are fixed, Maor delays must be in-
volved before train rerouting is done. In a linear
two-track system, the most ordinary form of rerout-
ing is concerned with operating the system over
only one track until a problem on the other track is
cleared. Except for the systems which use com-
puters, aternating the direction of traffic flow is ac-
complished under the control of humans at a con-
trol center or tower. BART provides special com-
puter programs which can generate the necessary
commands for single-track operation. WMATA
plans a similar approach, This approach presumably
can lead to more efficient operation, both in terms
of increased flow through the system and in the
freeing of the controllers to make other decisions
during such emergencies.

In a few transit systems, there are opportunities
to route conventional trains from one line to
another in case of major service disruptions,
NYCTA, for example, can reroute trains on some of
the main Manhattan lines. Additionally, the four-
track (two local, two express) arrangement of por-
tions of the system permits interchange of trains
between some tracks on the same route-always at
a loss in overal performance.

Dispatching

Train dispatching is concerned with the makeup
of train sets and the timing of their departure from

186

selected points in the system. In conventional rail
transit systems, a written schedule is used to indi-
cate the anticipated system needs for the day, both
by train size and time of departure. Dispatching
usualy takes place from terminals or yards.

Most train dispatching in conventional systems is
accomplished through the use of preprogrammed dis-
patch machines at terminals and entry points.
These machines ssimply provide a visua indication
that it is time for the train to depart. In a short
system such as PATCO, there is normally no
further supervisory control of the motion of the
train through the system. Operators are provided
with a timetable, and verbal communications are
used if any problem arises.

Modification of the dispatching routine may be
accomplished under computer control in systems
such as BART and WMATA. Manual or verbal
override is used at all operating transit properties
except BART. Modification of dispatching
schedules is required to compensate for various
delays on the line.

Performance Monitoring

Train performance monitoring is closely allied
with train dispatching and route assignment. Essen-
tially, the purpose of this function is to smooth out
irregularities in the flow of traffic. Methods of per-
forming this function range from the very simple to
the very sophisticated.

Basically, there are two approaches to perform-
ance monitoring and control, They may be ac-
complished on an intermittent or a continuous
basis. In al conventional systems in operation and
being planned, performance monitoring is done on
an intermittent basis, Train running times between
stations or terminals are measured and any control
actions deemed necessary are taken. There is no
continuous monitoring of the performance of the
train while it is running. (Verbal communications
can ordinarily be used to provide an indication of
serious performance problems as soon as they oc-
cur.)

If it is desirable to modify the performance
(speed, running time, acceleration) of a train, com-
mands for the performance modification are usually
transmitted at selected wayside locations (typically
stations). Continuous performance modification
commands are not provided. Again, verbal com-



munications may be used to transmit a command at
any time.

Performance Modification

There are two basic ways of modifying train per-
formance. Trains may be held at specific stations to
provide more uniform spacing. Either in conjunc-
tion with this or as an alternative, the actual run-
ning time of the train speed or acceleration rate can
be changed.

In the systems which have the least amount of
automation, performance monitoring and control is
essentially accomplished by humans. Supervisory
and onboard personnel monitor the state of the
system. Information on significant perturbations
may come in through model board displays or voice
communications. Required performance modifica-
tions may be indicated by voice transmission or
reductions in speed commands.

One step upward in automation is the addition of
dispatching lights at certain stations. By use of such
lights, trains can be held in these stations to attempt
to smooth out the flow of traffic.

At the highest levels of automation are the
systems which use computers to adjust perform-
ance requirements continually so as to provide
schedule adherence and/or uniform flow of trains
through the system. Both BART and WMATA have
facilities to monitor the performance of al trains in
the system and to compare the actual and desired
status of the system, Through rather elaborate con-
trol procedures, computers then issue commands to
modify individual train performance in a way such
that the system objectives are met.

Views vary on the value of automating the func-
tion of train performance modification. At BART
and WMATA not only are the desired performance
levels calculated automatically, they are transmit-
ted and implemented automatically as well.
Baltimore is considering an evolutionary system
which could eventually incorporate a computer.
Initial thoughts are that performance level com-
mands would be displayed in stations and onboard
operators would set switches to establish perfor-
mance levels for the ATO equipment. NYCTA,
which plans eventual conversion to automatic train
operation, does not now contemplate the use of
performance level controls as such. It is planned to
control train spacing by dispatching at terminals
and selected stations as well as by verbal control.

Alarms and Malfunction Recording

Aside from the annunciation of delays in train
motion, supervisory systems can be used to indicate
other problems in carborne equipment. Fire, low air
pressure, lights out, air-conditioner failure, motor
failure, and many other things are potential candi-
dates for malfunction alarm. In traditional manned
systems, information on the status of onboard
equipment is not transmitted to the wayside
automatically. Annunciation of malfunctions is
provided by displays in the operator's cab. The in-
formation may be relayed immediately by voice
transmission if the problem is serious. Minor
problems may be reported at the end of a run or the
end of the day.

In unmanned systems, there is a greater need for
annunciation of malfunctions. Both the Sea-Tac
and AIRTRANS systems have malfunction annun-
ciation systems with displays in the central control
facility. A hierarchy of malfunction conditions is
defined, and each group is treated in accordance
with the seriousness of the event involved.

It should be noted that the annunciation system
for train supervision may be a subset of a larger
system which deals with the status of many types of
equipment throughout the system. This may in-
clude pumps, blowers, electrical power distribution
equipment, and so forth.

Recordkeeping

Supervisory equipment or personnel keep
records for individual vehicles and the overal tran-
sit system. By means of train and car identification
equipment, information is provided on the ac-
cumulation of car miles and used to schedule main-
tenance activity. If computational capabilities are a
part of the supervisory system, additional functions
may be performed. The computer may be used to
generate work orders or schedules for routine main-
tenance. Spare parts ordering may be handled. Man-
power utilization and payroll data may be proc-
essed. Reliability and maintainability data may be
derived. Special management reports also may be
generated.

Where malfunction communication equipment
is used, it speeds diagnosis of system faults. In
general, it appears that in-service diagnosis and
repair of individual failures is significantly less im-
portant than maintaining operation of the system as
a whole. Where practical, attempts are made to con-
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tinue to operate trains w th failed equipment long
enough to get them out of service. If this is not
possible, pushing a train or modular replacement of
elements is attempted, The use of significant
amounts of diagnostic equipment appears more ap-
propriate in maintenance shops than on in-service
equipment,

COMMUNICATIONS

Communication functions are implicit in all
other types of train control system activity, and
various forms of communications (both verbal and
data) have been mentioned in connection with the
description of train protection, operation, and
supervision functions. Table A-1 is a summary of
the major types of communication performed by
and within the train control system. Each is dis
cussed below, with emphasis on those that have not
been treated previously.

Train Protection

Train protection communications are tradi-
tionally separate from all others. Special precau-
tions are taken to insure that signals from other cir-
cuits or systems do not mix with train protection
signals.

It appears that future ATP systems will al rely
heavily on electrical or electronic transmission
systems. Voice communications are a part of ATP
but, in general, play a minor role. Voice com-
munications are largely used to transmit informa-
tion regarding visual verification of a safety Situa
tion or procedura instructions related to emergency
operation.

Operational Control and System Status

These two functions are discussed together
because system status provides the feedback infor-
mation for operational control. Essentially, these
are the communications involved in the train super-
vision function. Most routine status information is
transmitted by electrical means and displayed
visually. In automated systems, much of the status
information is processed directly by computers.
Visual displays may be provided routinely or on a
cal-up basis.

Status information includes more than just the
motion of vehicles. It also concerns conditions on
platforms, availability of trains in yards, track con-
ditions, and any of a hundred other things. Mal-
function alarms transmitted from carborne or
wayside equipment provide status information on
certain equipment. The more highly automated the
system, the greater the need for equipment status
information, but this does not necessarily mean in-
creased automation of the means for transmitting
equipment status information. If additional infor-
mation is to be communicated, it can aso be given
over a voice channel by the onboard attendant.

Operational commands may be transmitted by
amost any means, ranging from a printed timetable
to electronic devices. There is a trend toward use of
electrical or electronic devices for signal transmis-
sion in the new systems being planned, but there
are some specific exceptions. NYCTA, for example,
plans to operate a hierarchical supervisory system
in which major decisions will be made in a com-
mand center and relayed by voice or teletypewriter
to dispersed towers for execution, Baltimore is con-
sidering visual transmission of performance level

TABLE A-1—Primary Means of Communicating Information Related to Train Control

Function Primary Means of Transmission (T’)‘ and. Display (D)

Visual Voice Electric Signa Written
Train Protection T,D — T,D —
Operational Control ‘ D T T,D —
System Status ‘ D T T.D _
Emergency Communication - T — -
Passenger Service — T — —
Maintenance Information — T T T,D
Business Operations — — T T,D
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adjustments using displays on the wayside in sta-
tions. Voice communication with al trains appears
to be an essential element in al new systems and in
upgrading old ones, Emergency operational com-
mands may thus be relayed by voice communica-
tion.

Emergency Communications

Emergency communications are the only type
that may involve contact with outside agencies or
employees not on trains or reachable by telephone.
For this and other reasons, at least one space radio
system is provided in all transit systems to allow
communication with roving employees.

It is felt by most transit system managers that the
ability to communicate with passengers, preferably
two-way but at least one-way, is extremely impor-
tant in controlling emergency situations. Assuring
the passenger that his plight is known and help is on
the way is believed to have considerable psy-
chological value.

Emergency communications may also involve
dealing with police and fire departments as well as
other organizations of the civil government, These
communications may be handled either by radio or
telephone.

The human role in emergency communications
is very important for the simple reason that the
nature of emergencies is such that unexpected
events occur. Because humans respond to a very
wide range of situations, it seems unlikely that the
emergency communication role of the human can
be replaced.

Passenger Service

Train control equipment or personnel act to pro-
vide information to the passengers. In most
systems, onboard operators or station personnel
provide information on station identity and train
destination. ATS equipment is used to perform
some of these functions in highly automated

systems. At BART, for example, special destination
signs indicate the imminent arrival of trains, the ap-
proximate location at which the trains will stop, and
the destination of the trains. These particular signs
are also used to display commercial messages and
thereby produce revenue for the system, Both
AIRTRANS and Sea-Tac utilize prerecorded
messages in the trains to provide information to
passengers. AIRTRANS has both TV displays and
lighted signs to display route information at the sta-
tions,

Maintenance Information

Elements of the train control system maybe used
to provide information needed for scheduled or
unscheduled maintenance. Train and car identifica-
tion systems can be used to provide information on
accumulated car miles. In highly automated
systems, malfunction detectors and annunciators
transmit malfunction information either directly to
the maintenance facility or through central control
to the maintenance facility. Voice communications
relating to maintenance problems may be chan-
neled through central control or handled directly.

Communication of maintenance information re-
lated to inventory control may aso be handled over
the ATC communication system, especially if a
central computer is used. This maybe accomplished
over commercial telephone lines, or special data
transmission links. Except for fully automated
systems, there does not appear to be a trend toward
significant increases in ATC communications for
maintenance information transmission.

Business Operations

Basic data available from the train control system
may be used in planning business operations
regarding workforce allocation, expansion plans,
procurement policies, vehicle utilization, and so on,
This information is generally presented in the form
of tabulated reports which may be computer print-
outs or periodic manual summaries of system per-
formance parameters.
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Appendix B

AUTOMATIC TRAIN CONTROL TECHNOLOGY”

The technology of automatic train control
embraces many kinds of equipment and engineer-
ing techniques. All aspects of this technology can-
not be adequately presented in a brief appendix
such as this. Therefore, the discussion is confined to
two major elements of train control technology: the
track circuit and methods for speed command and
control. The technology forms the basis for amost
all automation of train protection, train operation,
and train supervision functions. Of the two, the
track circuit is the more basic. It was the first to be
developed, and it underlies the operation of speed
command and control systems. It is the fundamen-
tal method of train detection and, while there has
been experimentation with other methods over the
years, none has proven to be as effective and relia
ble as this electrical technique for determining the
presence and location of transit vehicles. From this
basic positional information, signal systems are
operated, train protection is accomplished, train
operation is controlled, and supervisory functions
are carried out.

TRACK CIRCUITS

The track circuit is an electrical circuit which in-
cludes a length of running rails (or specia rails) and
permits detection of the presence of a train. A track
circuit may also be used to communicate com-
mands, instructions, or indications between the
wayside and a train. Track circuits provide informa-
tion on the location of the trains, and this informa
tion is used to command train speeds so that the
trains operate safely. For instance, if a train at-
tempts to approach too close to the rear of another
train, information on the locations of the two trains,
provided by the track circuits, is used to command a

#This appendix IS based on material originally preparedby
Battelle Columbus Laboratories in support of the OTA study.
The editors gratefully acknowledge the contribution of Battelle
Columbus Laboratories but accept full responsibility for the ver-
sion presented here and for any ateration of content that may
have been introduced in condensing and editing the material for
publication,

slowdown or stop of the following train before
there is danger of a rear-end collision.

The basic d.c. track circuit was invented by Dr.
William Robinson and first used in a railway ap-
plication is 1872. Although the equipment and tech-
nology have changed considerably in their detail
since that time, the basic principle has remained the
same. An electrical signal of some kind is impressed
between the two running rails, and the presence of
a train is detected by the electrical connection be-
tween the two running rails provided by the wheels
and axles of the train (wheel-to-rail shunting).*

Before proceeding to a discussion of the various
types of track circuits, it must first be considered
how track circuits are used in the operation of a
transit system. A track circuit provides information
on whether a train occupies a given length of track
(a block). The occupancy information for a particu-
lar block and for contiguous upstream of blocks is
used to control the operation of all trains within the
given area, For instance, when a train is detected in
a block, that occupancy information is used to cause
a zero-speed command for the block immediately
behind the train. Depending upon the block lengths,
the line speeds involved, and the number of availa-
ble speed commands, the second block behind the
train may have a command speed between zero and
full line speed. The third block behind the train may
have a commanded speed greater than or equal to
the second block, and so on. In all cases, the blocks
behind a train are signaled so that a train entering a
block has sufficient braking distance to leave the
block at a speed not greater than the commanded
speed. In the case of a zero-speed command, the

%[n transit systems with rubber-tired vehicles, special rails

are mounted beside the guideway and brushes or shoes on the
vehicle contact these rails as the vehicle moves along. The
specia rails replace the running rails of a conventiona steel-
wheel, steel-rail system, and the brushes or shoes replace the
wheels and axles of a train in the operation of the track circuits,
This is only a difference in detail; the principle is the same as in
conventional track circuits.
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train must be able to stop before it comes to the end
of the block.

D.C. Track Circuits

In al track circuits an electrica signal of some
kind is impressed between the running rails, and
the presence of a train is detected by the electrical
connection that the wheels and axles of the train
make between the two running rails. In d.c. track
circuits, the electrical signal is direct current,
usually supplied by batteries, The detector for the
electrical signa is a relay.

Figure B-1 shows a simple d.c. track circuit. The
track circuit consists of a block or length of track
which is defined at each end by insulated joints in
the running rails. The insulated joints provide
electrical insulation between a given track circuit
and the abutting tracks which comprise other track
circuits. The signa source, in this case a battery, is
connected to the rails at one end of the track circuit
while the receiver (a relay) is connected to the other
end, When no train is present, the track circuit is
said to be unoccupied, and the direct current sup-
plied by the battery is transmitted by the running
rails to the relay and energizes it or “picks it up. ”
When the relay is energized, the upper set of relay
contacts is connected causing the green signal light
to be turned on. When a train enters the track cir-
cuit its wheels and axles connect the two running
rails together, shorting the battery and thereby
reducing the current through the relay. This causes
the relay to “drop,” as shown by the dashed line in
the diagram. This action connects the bottom set of
relay contacts, turning off the green signal light and

| Blotk Length

turning on the red light to indicate that the block is
occupied by a train. The resistor in series with the
battery protects the battery by limiting the current
the battery must provide when a train is present,

The terms “pick up” and “drop” refer to the posi-
tion of the special “fail-safe” relays used for train
detection. These relays are constructed from
specifications approved by the Association of
American Railroads and are designed so that their
normally open “front” contacts will be closed only
when sufficient electrical energy is being supplied
to the coil, One or both of the normally open contact
members are made of carbon or carbon impregnated
with silver, which cannot be welded. The relays use
gravity rather than spring return and are mounted
vertically so that the relay armature, to which the
contacts are attached, is returned to the dropped
position when the current through the coil is
reduced below some critical value. The failure rate
of these relays for the mode in which the normally
open contacts would be closed with no power ap-
plied to the relay coil is so low that for al practica
purposes it is considered to be zero.

The track circuit shown here has been simplified
for the purpose of illustration. In actual practice, the
relay would have severa sets of contacts connected
in combination with the contacts from other relays
in nearby track circuits to form logic circuits for the
control of the signaling devices (the red and green
lights). Even in the simple form shown in Figure
B-1, however, it can be seen that the breaking of any
conductor or the loss of power in the circuit will
cause either a red signal or no signal at al to be dis-
played. A red or “dark” signal is aways to be in-
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FIGURE B-1.—Simple D.C. Track Circuit
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terpreted as a command to stop. If, for instance, the
green light burned out or the relay coil open-cir-
cuited so that the relay could not be “picked up, ” it
would be impossible to have a “green” signal. In
that case a train would be required to stop when it
arrived at that signal. To put it another way, al sig-
naling systems are designed so that a green signa
(meaning proceed) is presented only when the track
circuits provide positive information that it is safe
to doso.

The double-rail d.c. track circuit is susceptible to
interference when the running rails are aso used as
the return for d.c. electric propulsion current. For
this reason, d.c. circuits are not used in rail rapid
transit.” Single-rail d.c. track circuits could be used,
but in fact al modern rail rapid transit systems use
some form of ac. track circuit.

Power-Frequency A.C. Track Circuits

The power-frequency a.c. track circuit is
energized by an aternating electrical current with a
frequency in the range of 50 to 150 hertz.*” Except
for the type of current and apparatus used, the ac.
track circuit is similar in operation to the d.c. track
circuit described above.

9The principal modern application of the double-rail d.c.
track circuit is in railroads with diesel-powered locomotives,

100This type of circuit is often caled simply an a.c. track cir-
cuit.
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Figure B-2 shows a simple power-frequency a.c.
track circuit. As with the d.c. circuit, the ac. track
circuit consists of a block or length of track which is
defined at each end by insulated joints in one or
both of the running rails. Figure B-2 shows a double
rail circuit with insulating joints in both rails. The
ac. signal source (usually a transformer) is con-
nected to the rails at one end of the track circuit
while the receiver (a relay) is connected to the other
end, In addition to the signal source and the
receiver, the ac. track circuit contains a pair of im-
pedance bonds at each pair of insulated joints. An
impedance bond is a center-tapped inductance
which is connected across the rails on both sides of
the insulated joints. The center taps of the pair of
impedance bonds are connected together as shown.
The purpose of the impedance bonds is to provide
continuity between the track circuits for the d.c.
propulsion power and to distribute the propulsion
current between the two running rails. The im-
pedance bonds do this while still maintaining a
relatively high impedance at the signaling freguen-
cies between the two rails and between adjacent
track circuits.

When no train is present, the alternating current
supplied by the transformer at the left side of the
diagram in Figure B-2 is transmitted by the running
rails to the relay and “picks it up. " The energized
relay turns on the green signa light, exactly as in a
d.c. track circuit. The wheels and axles of a train en-
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tering the track circuit connect the two running
rails together; and the current through the relay is
reduced, causing the relay to “drop.” This connects
the bottom set or relay contacts, turning off the
green light and turning on the red light to show that
the block is occupied. The resistor in series with the
transformer (at the left in the diagram) protects the
transformer by limiting the current that the
transformer must provide when a train is present.

High-Frequency A.C. Track Circuits

Some ac. track circuits use a current that alter-
nates at a frequency in the range of hundreds or
thousands of hertz. Because this frequency range
corresponds roughly to the spectrum of audible
sound, such circuits are sometimes caled audiofre-
guency track circuits.

High-frequency a.c. track circuits eliminate the
need for insulated joints in the running rails.
Because insulated joints are expensive to install and
to maintain, eliminating them leads to a significant
cost reduction. Eliminating insulated joints also
allows the track circuit to operate with the con-
tinuous welded rails being used in some newer in-
stallations.

Figure B-3 shows a simple high-frequency a.c.
track circuit. Since no insulated joints are used in
the running rails, the ends of the block established
by special transformers are connected to the rails.

. Block Length

The transformer winding attached to the rails is
usually a single turn of heavy copper bar stock. The
transformer core is often a toroid. The other
transformer winding is tuned to resonate at the
operating frequency by a capacitor. The transmitter
is the a.c. signal source and provides electrical
energy at the operating frequency in the audiofre-
quency range. The receiver in this case is not
simply a relay, as with the d.c. and power-frequen-
cy ac. track circuits, but an electronic circuit which
responds to the electrical signal provided by the
transmitter. The receiver may be used to actuate a
relay which performs functions like those in the d.c.
or power-frequency a.c. track circuits. Thus, when
no train is present the high-frequency a.c. potential
supplied by the transmitter is connected to the run-
ning rails by the transformer and transmitted along
the running rails to the other transformer and its
associated receiver. When the receiver detects the
high-frequency ac. signal, the relay is energized
and the green signal light is turned on. When a train
enters the block, the circuit behaves much as it
would with the a.c. or power-frequency a.c. track
circuits, That is, the train wheels and axles connect
the two running rails together, and the current to
the receiving transformer and its associated
receiver causes the track circuit relay to drop, turn-
ing off the green light and turning on the red light.

The circuit illustrated in Figure B-3 is highly
simplified. In practice, it is necessary to accommo-
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date the adjacent track circuits on either side,
Rather than install two separate transformers for
each track circuit, a second resonant winding can be
included in each transformer or a heavy primary
winding can be passed through more than one
transformer core. Thus, a single transformer assem-
bly is used at the boundary between adjacent track
circuits and serves each. Although part of the same
transformer assembly, the resonant windings are
effectively isolated from each other because they
are tuned to and operate on different frequencies.

Figure B-4 shows another type of high-frequency
ac. track circuit. No insulated joints are used in the
running rails. The ends of the block or track circuit
are established by shunts which are heavy copper
cables or bars attached to the rails, The transmitter
is the a.c. signal source and supplies electrical
energy to a loop which is placed between the rails
as shown. The loop is the primary of a transformer
of which the rails and the shunts form the second-
ary, At the other end of the track circuit, a pickup
directs the high-frequency a.c. energy to the
receiver, which in turn actuates the track circuit
relay. When no train is in the track circuit, the high-
frequency ac. potentia supplied by the transmitter
is directed into the loop and thence into the running
rails to the pickup associated with the track shunt
shown at the right portion of the diagram, When the
receiver detects the high-frequency a.c. signal, the

I Block Length
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Shunt

relay is energized and the green light is turned on.
When a train enters the track circuit, the wheels
and axles connect the two running rails together,
and the current to the receiver is reduced. The
reduced current to the receiver causes the track cir-
cuit relay to drop, turning off the green light and
turning on the red light, as in other types of track
circuits. The relay in a practical circuit would have
several sets of contacts which would be connected
in combination with the contacts from relays in
nearby track circuits to form logic circuits for the
control of the signaling devices.

In practice a transmitting loop and a pickup are
associated with each track shunt. Adjacent track
circuits are operated on different frequencies, and
the receivers have frequency selectivity so they
only respond to their intended frequencies. This is
the type of track circuit used in the BART system.

Check-In/Check-Out Circuits

All of the track circuits described up to this point
operate on the closed-circuit principle. Any disrup-
tion of the circuit by a train passing aong the rails
or by power or component failure, “opens’ the cir-
cuit and causes a red (stop) indication to be dis-
played by the signa system.

An aternate approach to track circuit design uses
“check-in/check-out” logic, Simply stated, this cir-
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cuit is based on the principle that once a train is
detected or “checked in” to a block, it is assumed to
be there until it is “checked out” by being detected
in an adjacent block. The presence of a train may be
detected only intermittently at the time when it en-
ters a new block. This is in contrast to the conven-
tional track circuits described above in which the
presence of a train is detected continuously. In
some check-in/check-out systems the first and the
last cars of a train are checked in and out of the
blocks as the train moves through the system, A
transmitter of some kind located on the train can be
used with a receiver at a fixed wayside location to
indicate that a train has entered the block associated
with the wayside receiver, In some cases, two
transmitters are used, one at the head end of a train
and the other at the rear. When the head-end
transmitter enters a new block and is checked in,
the block remains in the occupied condition until
the rear-end transmitter also indicates that the rear
end of the train has entered the new block, At that
time, the train is checked out of the block behind.

Check-in/check-out has some operational disad-
vantages, For instance, consider the effects of a
temporary loss of power to the signal system. With
conventional track circuits, the loss of signal power
will cause all track circuits to indicate occupancy,
but when the signal power is restored, the true oc-
cupancy situation is again indicated. With a check-
in/check-out system, the loss of signal power may
destroy the “memory” circuits charged with
“remembering” that a train has entered a block. The
memory often consists of electrical relays which are
energized (or deenergized) to indicate the presence
of atrain in a block. The loss of electrical power can
destroy the information stored in such a memory.
(A memory whose information can be lost by a loss
of electrical power is termed “volatile.”) Thus,
when the signal power is restored, the information
on track circuits which are occupied may have been
lost. In this case the identity and location of each
train in the affected portion of the system must be
established before the entire transit system can be
operated again safely. In a small transit system the
identification and location of each train may not be
difficult to establish. However, in a large, complex
system even a short-term interruption of a portion
of the system can create a bottleneck which makes
it very difficult to restore the system to full opera
tion. Thus, check-in/check-out systems do not find
application as the primary train detection system in
rail rapid transit systems.
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A special case of a check-in/check-out system is
the SOR (sequential occupancy release) system re-
cently installed at BART, which uses the check-in/
check-out principle as a logical back-up to the pri-
mary train detection system which uses high-fre-
guency a.c. track circuits. The purpose of SOR is to
protect against the loss of train detection in the
event the primary system fails and to prevent serv-
ice interruptions due to false occupancy indications,

The SOR system provides a latch such that an oc-
cupied track circuit continues to indicate occupancy
until it is reset by the detected occupancy of the sec-
ond downstream track circuit. Thus, with the loss of
shunt or failure to detect the presence of a train, the
latched-up track circuit still indicates occupancy
and prevents a following train from colliding with
the rear of the leading train. A series of computers
is used in the SOR system, and the logic is such that
the computers can recognize false occupancies, i.e.,
a track circuit which shows occupancy without a
prior occupancy of the preceding track circuit is
considered by the computer to be falsely occupied,

SPEED COMMAND AND CONTROL

In considering how the speed of transit vehicles
is controlled by automatic devices, it is important to
understand the principle of closed-loop control
before proceeding to a discussion of the means by
which speed commands are transmitted and
received, A closed-loop control system is one in
which some feedback of information on the status
of the system (or its response to command inputs) is
used to modify the control of the system. As a
minimum, feedback verifies that the command was
received, Feedback may also be used to modulate
subsequent command inputs so as to smooth out ir-
regularities of response, to make increasingly more
precise adjustments of the state of the system, or to
compensate for external perturbations. Thus, the
basic purpose of closed-loop control is to assure
continuity of control by confirming that command
inputs have been received and that the commanded
state of the system has, in fact, been achieved.

The alternative to closed-loop control is open-
loop control, where commands are transmitted
from the controlling to the controlled element with-
out any feedback or acknowledgment that the com-
mand signal has been received and interpreted pro-
perly. The traditional wayside signaling of rail rapid



transit is an open-loop system. So, too, is a manualy
operated train with cab signals, although the
automatic overspeed and stop enforcing mechan-
isms of cab signals represent the beginning of a
closed-loop system. Systems with ATO are true
closed-loop systems. Feedback is used to monitor
the response to propulsion and braking commands
and to regulate the performance of the system on a
continuous, real-time basis. Thus, a closed-loop
system, in contrast to an open-loop system, is
characterized by continuous control and self-adjust-
ing commands conditioned by observation of
system response.

The technology for controlling the speed of tran-
sit vehicles is based on the track circuit. The signas
used for train detection can also be used for the
transmission of speed commands to wayside signal-
ing devices and to the trains. Two general methods
are used for the transmission of such commands. In
one method, the track circuit signal is turned on and
off at a specific rate, which is interpreted as a speed
command. This rate modulation scheme is caled a
coded track circuit. The second method is called
binary message coding. With either method, equip-
ment on the wayside or on the train senses the sig-
nals in the rails and decodes the speed command.

Coded Track Circuits

This technique is applicable to either d.c. or ac.
track circuits. The track circuit signal is switched on
and off (modulated) at a rate which is related to the
speed command. The switching rates are in the
range from about 50 to 500 times per minute. In a
d.c. track circuit, the direct current applied to the
running rails at one end of the track circuit is simply
turned on and off at the desired rate. Wayside
equipment at the other end of the track circuit
receives and decodes the signals. A code-following
track relay is used in the track circuit and codes
continuously when the circuit is not occupied. The
relay is energized when the current is allowed to
flow and is deenergized or “drops’ when the cur-
rent stops. The decoding equipment is actuated by
the contacts of the code-following relay. When a
given code (rate of transmission) is received, a par-
ticular relay in the decoding equipment is energized
and remains energized as long as that code is being
received. The relay, in turn, controls the appropri-
ate wayside signa. When another code is received,
another relay is energized as long as that code is
being received. When a train enters the track cir-

cuit, the code-following relay is deenergized, and
this fact is used to indicate the presence of a train.
Typica interruption rates for these circuits are 75,
120, and 180 times per minute,

In ac. track circuits, either power-frequency or
audiofrequency, the ac. signa is turned on and off
a a selected rate. Since the switching rates for the
coded signals are so much slower (I-3 per second)
than the frequencies of the a.c. signals applied to
the track circuit (50-150 per second), many cycles of
the ac. signal occur during the time that the code
signal is switched on. The coded track signal can be
received by wayside equipment at the far end of the
track circuit and used to control wayside signals or
it can be received on board a train and used to con-
trol the speed of the train. The presence of a train
stops the operation of the code-following relay and
indicates occupancy of the track circuit. The coded
track signals are received on board a train by a pair
of coils mounted near the front of the leading car
just a few inches above each of the two running
rails and in front of the first set of wheels and axle,
The magnetic field from the electric current carried
in the rails produces a signa in these coils (some-
times called antennas), and this signa is processed
or decoded to determine the switching rate and
hence the speed command. The decoded speed
command is used in an automatic system to control
the speed of the train. In a semiautomatic sSystem,
the decoded speed command is displayed to the
train operator who then regulates train speed
manually.

Binary Coded Track Circuits

This technique is sometimes used with audio-
frequency ac. track circuits. It could aso be used
with power-frequency a.c. circuits, but customarily
it is not. Instead of turning the track circuit signal on
and off (rate modulation), the frequency of the
track signal is changed from one to the other of two
discrete freguencies. This technique is particularly
adaptable to digital systems in which one frequency
corresponds to the transmission of a “1” and the
other frequency corresponds to the transmission of
a “0.” The track circuit receiver responds to both of
the signaling frequencies that are used. When a
train enters the track circuit, the amplitude of the
signals at the track circuit receiver is reduced below
some threshold and this information is used as an
indication of the presence of the train. On board the
train two antennas or coils are mounted near the
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front of the lead car close to the running rails and in
front of the first set of wheels and axle. As with the
coded track circuits, the magnetic field from the
electric current carried in the rails produces a signa
in these coils, and this signa is decoded to deter-
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mine the speed command. In an automatic system,
the decoded speed command is used to control the
train speed, In a semiautomatic system, the decoded
speed code information is displayed to the train
operator who controls train speed manually,



Appendix C

DESIGN CHARACTERISTICS
OF SELECTED RAIL RAPID TRANSIT SYSTEMS

This appendix is a tabulation of the ATC design
characteristics and engineering features of five
operating rail rapid transit systems:

Bay Area Rapid Transit (BART)
Chicago Transit Authority (CTA)

Massachusetts Bay Transportation Authority
(MBTA)

New York City Transit Authority (NYCTA)
Port Authority Transit Corporation (PATCO)

Listed vertically at the left of the tables are the
generic functions which must be accomplished to
provide train protection, train operation, train
supervision, and system communications.” Ar -
rayed beside these functions are descriptions of the
equipment and techniques employed in the five
transit systems. The major distinction is between
manual and automated techniques, with supple-
mentary material to indicate specific engineering
and operational features.

None of the rail rapid transit systems described
here is completely manual or completely automatic.

101See appendix A for a definition and description of these
functions.

All represent various combinations of manual and
automatic train control—the particular mixture
being determined by local needs and conditions, the
history of engineering development in each locale,
and (for the newer systems, at least) the fundamen-
tal design philosophy. Generaly speaking, NYCTA
and CTA are the least automated of the five transit
systems, although both have a considerable amount
of automation of train protection functions. The
Red Line of MBTA represents a higher level of
automation, incorporating some automatic train
operation features in addition to basic automatic
train protection. The other MBTA lines are
equivalent to NYCTA or CTA in the extent of
automation, PATCO is still more automated, with
virtually all train protection and operation func-
tions assigned to machine components. On the
other hand, PATCO has amost completely manual
means of train supervision. BART is the most high-
ly automated of the five systems. Train protection
and operation are fully automatic, but monitored by
an onboard operator. Train supervision is also
largely automated, with extensive use made of
central computers to accomplish functions that are
performed by dispatchers and towermen in other
transit systems. The order of listing in the table in-
dicates progressive increase in the general level of
train control system automation.
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TRAIN CONTROL SYSTEM CHARACTERISTICS

TRAIN PROTECTION FUNCTIONS

NYCTA

CTA

Train Detection

Monitoring of track occupancy

Train Separation

Collision prevention, primarily by
blocks to ensure safe separation

and speed limits to ensure safe
stopping distance

Movement Commands

Speed and stopping commands to
trains

Overspeed Protection

Comparison of command and
actual speed to ensure that civil
speed limits are not violated

Speed Determination

Sensing and display of actual
train speed

Interlocking

Prevention of conflicting train
movement through switches and
along routes

Train and Track Surveillance

Monitoring the right-of-way for
obstructions, persons on track,
broken rails, etc.

Monitoring condition of train
systems.
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Conventional voltage level track
circuits of two types:
single rail, power frequency,
hardwired
double rail, power frequency,
hardwired

Fixed blocks (length: 40-1200 ft.)
Relay logic
Minimum design headway: 112 min.

Wayside signals

Three-aspect block signal system
(Proposed cab signal system will
have 70,50, 35, 25, 15, and 3
mph speed commands and a cab
signal cutout. Absence of a
positive command is interpreted
as O mph.)

Wayside signals with timers and
trip stops

Estimated by motorman, no speed-
ometer in cab except on new R 44
and R-46 cars.

Mixture of electro-mechanical and
all-relay

Visual track surveillance (primarily
by motorman with some assistance
from conductor)

Status of some carborne systems is
monitored automatically and
displayed by annunciator placards in
the cab.

Conventional voltage level track
circuit of three types:
single rail, power frequency,
hardwired
double rail, power frequency,
hardwired
double rail, audio frequency,
hardwired

Fixed blocks (length: 300-2000 ft.)
Relay logic
Minimum design headway: 112 min.

Mixture of wayside and cab signals
Three-aspect block signal system
Five cab signal speed commands
(70, 35,25, 15,0 mph)

Mixture of cab signals with
automatic overspeed protection
and wayside signals with timers and
trip stops

Tachometer, with speedometer in
cab

Mixture of mechanical, electro -
mechanical, electro-pneumatic,
and all-relay

Visual track surveillance (primarily
by motorman with some assistance
from conductor); cab signal for
broken rail protection

Status of some carborne systems is
monitored automatically and dis-

played by annunciator placards in
the cab.



MBTA

PATCO

BART

Conventional voltage level track
circuits of three types:
single rail, power frequency,
hardwired
double rail, power frequency,
hardwired
double rail, audio frequency,
hardwired

Fixed blocks (length: 425-2100 ft.)
Relay logic
Minimum design headway: 112 min.

Mixture of wayside and cab signals
Three-aspect block signal system
Eight cab signal speed commands
(70, 65,50,40,25, 10,0 mph and
yard speed)

Mixture of cab signals with automatic
overspeed protection and wayside
signals with timers and trip stops

Estimated by motorman, no speed-
ometer in cab except for Silverbird
cars on Red Line

Mixture of electro-mechanical and
all-relay

Visual surveillance (primarily by
motorman with some assistance

from train guards); cab signal for
broken rail protection (Red Line
only)

Status of some carborne systems is
monitored automatically and dis-

played by annunciator placards in

the cab.

Conventional voltage level track
circuits of two types:
single rail, power frequency,
hardwired (yard only)
double rail, power frequency,
hardwired (revenue tracks)

Fixed blocks (length: 295-3400 ft.)
Relay logic
Minimum design headway: 2 min.

Cab signals

Five speed commands (75, 40,30,
20, 0 mph) to ATO system which
controls speed

Cab signals with automatic
overspeed protection

Tachometer, with speedometer in
cab

All-relay

Visual surveillance by train operator
cab signal for broken rail protection

Status of some carborne systems is
monitored automatically and dis-
played by annunciator placards in
the cab.

Low voltage level track circuits:
double rail, audio frequency,
multiplex one rail; power
frequency track circuits in yards

Fixed blocks (length 75-1100 ft.)
Solid-state logic

Minimum design headway: 112 min.
(With sequential Occupancy Release
system, headways are restricted to
2 min.)

Cab signals

Eight speed commands (80, 70,50,
36, 27, 18,6, 0 mph) to ATO system
which controls speed

Cab signals with automatic
overspeed protection

Tachometer, with speedometer in
cab

All -relay

Visual surveillance by train operator
cab signal for broken rail protection

Status of some carborne systems is
monitored automatically and dis-
played by annunciator lights in the
cab.
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TRAIN CONTROL SYSTEM CHARACTERISTICS-Continued

TRAIN SUPERVISION FUNCTIONS

NYCTA

CTA

Schedule Design and Implementation

Planning of service in light of

anticipated demand, available

equipment, and environmental
conditions (includes orders to
execute the plan)

Train Identification

Determination of the route and
destination of a train

Train Dispatching

Control of train departures from
terminals (or waypoints) in
accordance with schedule

Route Assignment and Control

Selection and assignment of routes
to be followed by trains, including
periodic update reports by trains
as to identity, location, and
destination

Performance Monitoring

Following the progress of trains
against the schedule

Performance Modification

Adjustment of movement com-
mands or revision of schedule
in response to traffic conditions

Alarms and Malfunctions Recording

Alerting to malfunctions and
problems and recording of time,
location, and nature

Yard Train Control

Train assembly, routing, and
movement with in yards and to
and from revenue tracks

Manual

Mixture of manual and automatic
(Automatic only on R-44 and R-46
cars, where passive unit on train
resonates when excited by wayside
equipment )

Mixture of manual and automatic
(electro-mechanical clock)

Mixture of manual methods (by
central control remotely or by
towerman locally) and automatic
control based on train identity
information or track circuit
occupancy

Visual observation (model boards
in towers and central control)
Also manual check-off at towers

Verbal instructions to adjust running
speed or station stops; remotely
controlled starting signals to delay
departure from terminals and control
points

Manually activated electrical alarm-
ing and manual recording based on
verbal reports

Manual train operation and a mix-
ture of manual and automated
switching

Manual

Mixture of manual (by train
operator or towerman) and
automatic (passive unit on

train resonates when excited

by wayside equipment or optical
scanning of identity panel on
train by wayside equipment)

Mixture of manual and automatic
(electro-mechanical clock)

Mixture of manual control by local
towerman and automatic control
based on train identity information or
track circuit occupancy

Visual observation (model boards
in towers and pen graph recorders
at central control)

Verbal instructions to adjust running
speed or station stops; remotely
controlled starting signals to delay
departure from terminals and control
points

Manual alarming and recording based
on verbal reports

Manual



MBTA

PATCO

BART

Manual

Mixture of manual and automatic
(optical scanning of identity panel
on train by wayside equipment)

Mixture of manual and automatic
(electro-mechanical clock)

Mixture of manual methods (by
central control remotely or by
towerman locally) and automatic
control based on train identity
information or track circuit
occupancy.

Visual observation (model boards
in towers and central control)

Verbal instructions to adjust running
speed or station stops; remotely
controlled starting signals to delay
departure from terminals and control
points

Manual alarming and recording based
on verbal reports

Manual

Manual

Automatic (passive unit on train
resonates when excited by wayside
equipment)

Automatic (electro-mechanical clock)

Mixture of manual control by
central control remotely and
automatic control based on train
identity information or track
circuit occupancy

Visual observation (model board at
central control)

Verbal instructions to adjust running
speed or station stops; remotely
controlled starting signals to delay
departure from terminals and control
points

Manual alarming and recording based
on verbal reports

Manual

Schedule prepared manually and fed
into central computer

Automatic (active unit on train
transmits identity to wayside
transceiver for relay to terminals,
stations, and central control)

Automatic (computer controlled)

Automatic (trainborne destination
information transmitted to wayside
equipment which automatically sets
route); manual control (by central
or local controllers) available as an
alternative or back-up mode

Visual observation (model boards at
central control and towers) with
computer-aided display and alerting

Automatic, station dwell time and
train performance mode (speed and/or
acceleration) controlled by central
computer (can be selected by computer
automatically or by manual input)

Automatic alarming and recording
for some events; manual inputs to
computer record also possible

Manual (special hostling control
panel)
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TRAIN CONTROL SYSTEM CHARACTERISTICS-Continued

TRAIN OPERATION FUNCTIONS

NYCTA

CTA

Velocity Regulation

Control of actual speed in
relation to command (civil)
speed

Station Stopping

Stopping train in alignment
with station platform

Door Control

Opening and closing of doors
at stations

Train Starting

Departure from station

Manual

Manual

Manual, by conductor

Manual, by operation of propulsion
control

Manual

Manual

Manual, by conductor (or
operator on single-car trains)

Manual, by operation of propulsion
control

COMMUNICATION SYSTEMS

NYCTA

CTA

Train — Central

Train — Station

Train — Wayside

Central - Station

Central — Wayside

Station — Wayside
Station — Station
Wayside - Wayside

Outside Emergency Assistance

*
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Radio

No direct link, relayed through
central control

Radio

Telephone; also public address
system on platform at some stations
and automatic train departure
signs at some terminals

Radio and dial telephone

Dial telephone
Dial telephone
Radio and dial telephone

Walkie-talkie radio net for police,
central control and key dispatchers,
other assistance summoned through
central control

Train phone

No direct link, relayed through
central control

No direct link, relayed through
central control

Telephone; also public address
system on platform at some stations
and automatic train departure
signs at some terminals

Dial telephone; also public address
to certain key towers and terminal
supervisors

Dial telephone
Dial telephone
Dial telephone

Dial or direct-line telephone



MBTA

PATCO

BART

Automatic on Red Line, with manual
operation (at full speed) available as
alternative mode.

Manual on other lines

Manual

Manual by train guard (conductor)

Automatic, with manual operation
(at, full speed) available as alternative
mode.

Automatic

Stop command triggered when
train passes fixed wayside point;
braking effort to stop in required
distance reckoned from wheel
revolution

Manual by train guard (motorman)

Automatic, with manual operation
(at reduced speed) available as a
back-up mode or if track conditions
dictate

Automatic

Continuous stop command generated
by wayside equipment; braking
effort to stop in required distance
reckoned from wayside measuring
points.

Automatic, with manual override

Manual, by operation of propulsion Manual, by depressing start button Automatic
control

MBTA PATCO BART
Radio Train phone Radio

No direct link, relayed through
central control

Radio

Telephone and public address
system on station platforms; some
startees equipped with walkie-talkie
radios

Radio and dial telephone

Dial telephone
Dial telephone
Dial telephone

Police and fire each on separate
radio network; utilities contacted
by telephone

No direct link, relayed through
central control

No direct link, relayed through
central control

Telephone, public address, closed-
circuit TV, and call-for-aid phones
at automatic fare collection gates

Dial telephone, radio in trucks
and work trains, walkie-talkie
for trackside workers

Dial telephone
Dial telephone
Radio and dial telephone

PATCO police on system radio
network; outside police on separate
network or contacted by telephone;
fire and utilities contacted by
telephone

No direct link, relayed through
central control

Radio

Telephone and public address system;
automatic signs on station platforms
indicating train arrival and destination

Radio and dial telephone

Dial telephone
Dial telephone
Radio and dial telephone

BART police on system radio net-
work; fire and utilities contacted by
phone
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Appendix D

GLOSSARY OF TRAIN CONTROL TERMS

The language of rail rapid transit and train con-
trol technology contains many specialized terms
that may be unfamiliar to the genera reader. This
glossary has been prepared as an aid to understand-
ing the terminology used in the report. It is also con-
templated that the glossary may be useful as a
reference for additional reading on the subject of
ATC and transit system engineering. For this
reason, the list of terms defined here has been ex-
panded to include some background items not
needed for the immediate purpose of reading this
report.

The principal source of the definitions presented
here is the Lexicon of Rail Rapid Transit Safety-
Related Terminology, prepared by the Safety Tech-
nology Applied to Rapid Transit (START) Commit-
tee of the American Public Transit Association,
January 1975. The START Lexicon, in turn, draws
extensively on earlier work by the Association of
American Railroads and the U.S. Department of
Transportation. In addition to START, other
sources consulted include General Order No. 127 of
the Public Utilities Commission of the State of
California, August 1967, and several technical
specifications prepared by WMATA. In all cases,
however, the responsibility for interpretation and
for the accuracy and completeness of the defini-
tions offered here rests with the authors of this
report.

ACKNOWLEDGING DEVICE—a manual device
used by the train operator to forestall automatic
brake application on a train equipped with
automatic train stop or to silence the sounding of
a cab indicator on a train equipped with cab sig-
naling. (See Audible Cab Indicator.)

ASPECT—the visual indication presented to an ap-
proaching train by a wayside signal; also, the dis-
play presented by a cab signal to an operator in
the cab. The aspect is said to be “clear” (proceed
at civil speed) or varying degrees of “restrictive.”

False Clear Aspect—the aspect of a signa that
conveys an indication less restrictive than
intended.

False Restrictive Aspect—the aspect of a sig-
nal that conveys an indication more restric-
tive than intended.

ATTENDANT-a transit employee on board a
train in service whose principal duties are to
oversee safety, provide security, and assist in
emergency situations (as distinct from a train
operator, motorman, who is responsible for run-
ning the train).

AUDIBLE CAB INDICATOR-an alerting device,
on a train equipped with cab signals, designed to
sound when the cab signal changes and to con-
tinue sounding until acknowledged. (See
Acknowledging Device.)

AUDIO-FREQUENCY TRACK CIRCUIT—a track
circuit energized by an electrical current alter-
nating in the audio-frequency range
(15,000-20,000 Hz); also called “high frequency”
or “overlay” track circuit.

AUTOMATIC BLOCK SIGNAL SYSTEM—a
series of consecutive blocks governed by block
signas, cab signals, or both, actuated by occupan-
cy of the track or by certain conditions affecting
the use of a block; such as an open switch or a car
standing on a turnout and blocking the main
track. (See aso Block and Manual Block Signa

System.)

AUTOMATIC CAR IDENTIFICATION—a
system that automatically provides positive
recognition and transmission of individual car
numbers as they pass a fixed wayside point.

AUTOMATIC TRAIN CONTROL—the method
(and, by extension, the specific system) for
automatically controlling train movement, en-
forcing train safety, and directing train opera-
tions. ATC includes four major functions:

Automatic Train Protection (ATP)--assuring
safe train movement by a combination of
train detection, separation of trains running
on the same track or over interlocked
routes, overspeed prevention, and route in-
terlocking.
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Automatic Train Operation (ATO)--controll-
ing speed, programed station stopping, door
operation, performance level modification,
and other functions traditionally assigned
to the train operator and conductor.

Automatic Train Supervision (ATS)—
monitoring of system status and directing
traffic movement to maintain the schedule
or minimize the effect of delays.

Communication (CS)—interchanging infor-
mation (voice, data, or video) between
system elements separated by distance.

AVAILABILITY—the portion of time that a
system is operating or ready for operation;
mathematically, the probability that a system or
system element will be operational when re-
quired, expressed as the ratio of mean time be-
tween failure to the sum of mean time between
failure plus mean time to restore. [A =
MTBF/ (MTBF + MTTR)] (See also Mean Time
Between Failure and Mean Time to Restore.)

BASE PERIOD—the nonrush hour period of week-
day transit system service. (See also Peak
Period,)

BERTH—the space assigned for a train of specified
length when stopped at a station platform or in a
terminal zone. (See Terminal Zone.)

BERTHING—the positioning of a train in its
assigned berth.

BLENDING—the automatic and simultaneous ap-
plication of dynamic and friction braking, where
the effort of each is continuously proportioned to
achieve the required total braking effect.

BLOCK—a length of track of defined limits, the use
of which is governed by block signals, cab sig-
nals, or both.

Absolute Block-a block into which no train is
allowed to enter while it is occupied by
another train.

Permissive Block--a block into which a train
is alowed to enter even though occupied by
another train.

BLOCK SIGNAL-See Signal.

BRAKE ASSURANCE—the function provided by
a subsystem within the automatic train operation
system that will cause the emergency brakes of a
vehicle to be applied when the actual braking
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rate of the vehicle is less than the braking rate re-
guested by the automatic train control system.

BRAKING—the process of retarding or stopping
train movement by any of various devices:

Dynamic Braking—a system of electrical
braking in which the traction motors are
used as generators and convert the kinetic
energy of the vehicle into electrica energy,
which is consumed in resistors and, in so
doing, exert a retarding force on the vehi-
cle

Friction Braking—braking supplied by a
mechanical shoe or pad pressing against the
wheels or other rotating surface; also called
“mechanical braking. ”

Regenerative Braking-a form of electrical
braking in which the current generated by
the traction motor is returned to the trac-
tion power supply for use in propelling
other trains. (In ordinary dynamic braking
the generated power is dissipated in resis-
tors.)

There are two methods of controlling
brake application:

Closed-Loop Braking-continuous modula-
tion (by means of feedback) under the
direction of the automatic train operation
system or the human operator. (See Closed-
Loop Principle)

Open-Loop Braking—braking without
modulation through feedback from the
ATO system.

BRAKING EMERGENCY —irrevocable unmodu-
lated (open-loop) braking to a stop usualy at a
higher rate than that obtained with a full service
brake application.

BRAKING, FULL SERVICE-a nonemergency
brake application that obtains the maximum
brake rate consistent with the design of the pri-
mary brake system. Full service braking can be
released and reapplied.

BRAKING, SERVICE-braking produced by the
primary train braking system,

CAB SIGNAL SYSTEM—a signal system whereby
block condition and the prevailing civil speed
commands are transmitted and displayed directly
within the train cab. The cab signa system may



be operated in conjunction with a system of fixed
wayside signals or separately. (See aso Signal.)

CATENARY—the wire or wires above the track
(including the messenger, supports, and insula-
tion) that carry electric energy for the propulsion
of trains. (See aso Contact Rail.)

CENTRAL CONTROL—the place from which
train supervision and direction is accomplished
for the entire transit system; the train command
center.

CIRCUIT, TRACK-an arrangement of electrical
equipment, including the rails of the track, that
forms a continuous electrical path used for the
purpose of detecting the presence of trains on the
rails, the track circuit may also be used to com-
municate commands or other information be-
tween the wayside and the train.

Check-In/Check-Out—a track circuit system
that detects the entrance of the front end of
a train into a block and the departure of the
rear end of a train from a block for the pur-
pose of determining block occupancy.

Coded Track Circuit—a track circuit in which
the feed energy is varied or interrupted
periodically for the purpose of transmitting
commands or instructions to the train or
operating train detection apparatus.

Fail-Safe Circuit-a circuit designed to princi-
ples which will cause the actuated device to
assume its most restrictive position (or a
state generally known to be safe) when any
element of the circuit or system fails.

Vital Circuit--an electrical circuit that affects
the safety of train operation.

CIVIL SPEED-See Speed Limit.

CLOSED-CIRCUIT PRINCIPLE—the principle of
circuit design employing a circuit that is nor-
mally energized and, on being deenergized or in-
terrupted, causes the controlled function to
assume its most restrictive condition.

CLOSED-LOOP” PRINCIPLE—the principle of
control system design in which the response of a
system (feedback) is continuously compared
with the controlling signal to generate an error
signal.

CLOSING IN—running a following train toward a
leading train that is either stopped or running

slower than the following train. (See also Closing
up.)
CLOSING UP—running a following train to a posi-

tion that will alow it to couple with a stopped
leading train.

COAST—the moving condition of a car or train
where the propulsion is inactive and, usualy, a
certain minimum braking is applied. (See also
Freewheeling.)

CONDUCTOR-an attendant whose main func-
tion is to operate train doors.

CONSIST (noun)—the number, type, and specific
identity of cars that compose a train.

CONTACT RAIL-a rail, mounted on insulators
alongside the running rails, that provides electric
energy for the propulsion of trains. (Also known
as “Third Rail.”)

CROSSOVER—two turnouts, arranged to form a
continous passage between two parallel tracks.

DEADMAN CONTROL-a safety device that re-
quires continuous pressure or activity to reman
activated; used to detect the inattention or dis-
ability of a train operator.

DEPARTURE TEST-an operational test made in
a yard or on a transfer track before permitting the
unit to enter revenue service.

DISPATCH—to start a train into revenue service
from a terminal zone, transfer track, or desig-
nated intermediate point.

DISPATCHER-a person at central control whose
function is to dispatch trains, monitor train
operation, and to intervene in the event of
schedule disruption or when any change in serv-
ice or routing is required. (Also called “Line
Supervisor” or “Central Supervisor.”)

DOWNSTREAM—for a given direction of travel,
locations that will be reached after passing a
given point (equivaent to the AAR term “in ad-
vance of”).

DWELL (or DWELL TIME)—the elapsed time
from the instant a train stops moving in a station
until the instant it resumes moving,

ENTRANCE—EXIT ROUTE CONTROL—a
system of interlocking control that automatically
alines switches and clears signals to form a train
route in response to manual inputs designating
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the entrance and exit points of the desired route.
(Also caled “N-X.")

FACING MOVEMENT—the movement of a train
over points of a switch which face in the direc-
tion in which the train is moving. (See aso Trail-
ing Movement.)

FAIL-SAFE--a characteristic of a system which
ensures that a fault or malfunction of any ele-
ment affecting safety will cause the system to
revert to a state that is known to be safe; ater-
natively, a system characteristic which ensures
that any fault or malfunction will not result in an
unsafe condition.

FALSE OCCUPANCY--an indication of track oc-
cupancy when no train is present.

FREEWHEELING-a mode of operation in which
the train is alowed to roll freely without tractive
or braking effort being applied. (See also Coast.)

FREQUENCY SHIFT KEYED (FSK)--a technique
used with high-frequency a.c. track circuits, in
which the frequency of the track signal is varied
between two or more discrete states to convey
information (used as an alternative to rate
modulation where the track circuit is turned on
and off as an information code).

FROG-a track structure, used at the intersection
of two running rails, to provide support for
wheels and passageway for their flanges, thus
permitting wheels on either rail to cross the
other. A frog may either be fixed or have mova
ble points like a switch.

GATE—the limit of an interlocked route where en-
try to that route is governed by a signaling
device.'™

Fixed Gate--the limit of an interlocked route
beyond which automatic operation of trains
iS never permitted.

HEADWAY —the time separation between two
trains traveling in the same direction on the same
track, measured from the instant the head end of
the leading train passes a given reference point
until the head end of the train immediately
following passes the same reference point.

HOSTLER-an employee assigned to operate cars
or trains manually within the yard or mainte-
nance area.

Hz (HERTZ)—the unit of frequency equal to 1
cycle per second.

102These LIMS are pec u 1 iar tothe BA RT system.
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IMPEDANCE BOND-a device of low resistance
and relatively high reactance, used to provide a
continuous path for the return of propulsion cur-
rent around insulated joints and to confine alter-
nating current signaling energy within a track
circuit.

INDUCTIVELY COUPLED IMPEDANCE
BOND--an impedance bond in which transmit-
ter energy and receivers are inductively coupled
into a track circuit,

INSULATED JOINT-a joint placed between abut-
ting rail ends to insulate them from each other
electrically.

INTERLOCKING--an arrangement of signals and
control apparatus so interconnected that functions
must succeed each other in a predetermined se-
guence, thus permitting train movements along
routes only if safe conditions exist.

Automatic Interlocking-an interlocking con-
trolled by logic circuits so that movements
succeed each other in proper sequence
without need for manual activation or con-
trol.

Manual Interlocking—an interlocking oper-
ated manually from an interlocking
machine, so interconnected (either
mechanically or electrically) that move-
ments succeed each other in proper sequen-
cy.

Relay Interlocking-an interlocking in which
locking is accomplished electrically by in-
terconnection of relay circuits.

INTERLOCKING LIMITS—the length of track be-
tween the most remote opposing home signals of
an interlocking.

INTERLOCKING MACHINE-an assemblage of
manually operated levers or like devices for con-
trolling the switches, signals, and other apparatus
of an interlocking. (Also called *Switch
Machine,”)

INTERLOCKING ROUTE-a route between two
opposing interlocking signals.

JERK—the rate of change of acceleration (the
second derivative of velocity), expressed in units
of miles per hour per second per second
(mphpsps, mph/see/see, or mph/sec?).

JUNCTION-a location where train routes con-
verge or diverge.



KEY-BY—the act of lowering a trip stop in order to
pass a signal displaying a stop indication; so
called because of the use at one time of a key by
the train operator to actuate the mechanism for
lowering the trip stop. Key-by today operates
automatically without a key,

LOCKING-establishing an electrical or mechani-
cal condition for a switch, interlocked route,
speed limit, or automatic function such that its
state cannot be altered except by a prescribed
and inviolate sequence of actions.

Approach Locking-electric locking effective
while a train is approaching within a
specified distance a signal displaying an
aspect to proceed and which prevents, until
after the expiration of a predetermined
time interval after such signal has been
caused to display its most restrictive aspect,
the movement of any interlocked or
electrically locked switch, movable point
frog or derail in the route governed by the
signal and which prevents an aspect to pro-
ceed from being displayed for any conflict-
ing route.

Electric Locking—an electrical circuit arrange-
ment by means of which levers of an in-
terlocking machine, switches, or other sig-
nal apparatus is secured against operation
under prescribed conditions.

Indication Locking-electric locking which
prevents actions that would result in an un-
safe condition for a train movement if a sig-
nal, switch, or other operative unit fails to
make a movement corresponding to that of
its control.

Occupancy Detector Locking--electric locking
which prevents the movement of a track
switch while the track circuit or circuits
surrounding that switch are occupied by a
train.

Route Locking—electric locking, effective
when a train passes a signal displaying an
aspect for it to proceed, that prevents the
movement of any switch in the route
governed by the signal and prevents the
clearing of a signal for any conflicting
route.

Time Locking-electric locking that prevents
the operation of any switch in the route (or
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for any conflicting route) until expiration of
a predetermined time interval after a signal
is restored to its most restrictive indication.

Traffic Locking--electric locking which pre-
vents the actuation of devices for changing
the direction of traffic on a section of track
while that section is occupied or while a
signal displays an aspect for a movement to
proceed into that section,

Sectional Release Locking—a route locking so
arranged that, as a train clears a section of
the route, the locking affecting that section
is released. (Also called “Trailing Release
Locking.”)

MAINTAINABILITY—the property of a system
that allows it to be repaired and restored to
operating condition after a component malfunc-
tion or failure, maintainability is often expressed
as mean time to restore (or repair).

MANUAL BLOCK SIGNAL SYSTEM-a block
signal system operated manually, usually based
on information transmitted by telephone or
telegraph.

MARRIED PAIR—two semipermanently coupled
cars that share certain essential components and
are usualy operated as a unit.

MASTER CONTROLLER-a carborne device that
generates control signals to the propulsion and
braking systems,

MEAN TIME BETWEEN FAILURES (MTBF)—
the average time that a system or component will
operate  without failure or  matfunction;
mathematicaly, MTBF = (operating
time) /(number of failures). MTBF is the measure
of reliability.

MEAN TIME TO RESTORE (MTTR)—the
average time required to restore a system or com-
ponent to operation after a failure; this time is
measured from the time troubleshooting and
repair work is begun until the system or compo-
nent is again operable; mathematically,
MTTR = (cumulative corrective maintenance
time) /(number of failures). MTTR is the
measure of maintainability,

MODEL BOARD-a reproduction of the track
assemblage (not necessarily to scale) equipped
with lights and other indicators, used for the pur-
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pose of train supervision and traffic control (Also
caled “Train Board").

MOTORMAN-See Operator.
MTBF-See Mean Time Between Failures.
MTTR-See Mean Time to Restore.

NORMAL DIRECTION—the prescribed direction
of train traffic as specified by the rules; usualy,
the direction in which all regularly scheduled
revenue service operations are conducted.

N—-X-See Entrance-Exit Route Control.

OPERATOR—the transit employee on board the
train having direct and immediate control over
the movement of the train. (Also caled “Motor-
man.”)

OPPOSING TRAIN—a train moving in the direc-
tion opposite to another train on the same track.

OVERSPEED CONTROL—that onboard portion
of the carborne ATC system that enforces speed
limits in a fail-safe manner.

PABX—a designation used in the national
telephone system to denote a privately owned
telephone system that operates by the use of dial-
ing, such as that used in some transit systems for
communication between stations or wayside
locations and central control.

PEAK PERIOD—the period during a weekday
when system demand is highest; usually
7:30-9:30 am. and 4:30-6:30 p.m. (Also called
“Rush Hour.”) (See also Base Period)

POINT-See Switch Point.

PROPERTY —literally, the right-of-way, track,
structures, stations, and facilities owned or oper-
ated by a transit agency; but used generaly as a
synonym for the operating agency itself. (See
also Territory.)

RAIL RAPID TRANSIT—a mode of transporta-
tion operating in a city or metropolitan area and
high-speed speed passenger cars run singly or in
trains on fixed guideways in separate rights-of-
way from which all other vehicular and foot
traffic is excluded. Tracks may be located in un-
derground tunnels, on elevated structures, in
open cut, or at surface level. There are very few,
if any, grade crossings;, and rail traffic has the
right-of-way at such intersections. Cars are
driven electrically with power drawn from an
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overhead electric line by means of pantograph or
from an electrified third rail. Rail rapid transit
may use steel wheels on steel rails or pneumatic
tires on wooden, steel, or concrete guideway.

RELAY-a device operated by variation in the con-
dition of one electric circuit and used to effect
the operation of other devices in the same or
another circuit; commonly, an electromagnetic
device to achieve this function.

Track Relay--a relay receiving all or part of
its operating energy through conductors
having the track rails as an essential part.

Vital Relay—a relay, meeting certain
stringent specifications, designed so that
the probability of its failing to return to the
prescribed state after being deenergized is
so low as to be considered, for al practical
purposes, nonexistent.

RELIABILITY—the probability that a system or
component thereof will perform its specified
function without failure and within prescribed
limits; reliability is often expressed as a mean
failure rate (MTBF).

REVENUE SERVICE—transportation of fare-
paying passengers on main line routes.

REVERSE DIRECTION—train movement op-
posite to the normal direction. (See Normal
Direction.)

REVERSE RUNNING-operation of a train in the
reverse direction.

ROUTE-a succession of contiguous blocks be-
tween two controlled gates or interlocked sig-
nals.

Conflicting Routes—two or more routes (op-
posing, converging, or intersecting) over
which movements cannot be made
simultaneously without possibility of colli-
sion.

Normal Route--a prescribed route, a route in
the normal direction of train travel.

Reverse Route--a route opposite to the normal
route.
ROUTE REQUEST—registration at an interlocking
of a desired interlocked route.

RUNTHROUGH—intentionally passing a station
platform without making a scheduled stop.



SEMAPHORE-a wayside signal device by which
indications are given by the position of a mova
ble arm in daylight hours and by the color of a
light in darkness.

SHUNT-a conductor joining two points in an
electrical circuit so as to form a paralel or alter-
nate path through which a portion of the current
may pass.

SHUNTING SENSITIVITY-the maximum impe-
dance that, when placed at the most adverse
shunting location, will cause the track circuit to
indicate the presence of a train.

SIDING—a track auxiliary to the main track, used
for meeting, passing, or storing trains.

SIGNAL-a means of communicating direction or
warning.

Block Signal-a fixed signal at the entrance of
a block governing trains entering and using
that block,

Cab Signal--a signal in the train operator’s
cab that governs the movement of that train
by conveying the automatic block aspects
and the prevailing speed command.

Clear Signal--a signal displaying the aspect
indicating to proceed.

Home Signal-a fixed signal at the entrance of
a route or block governing trains entering
and using that route or block.

Opposing Signals-wayside signals governing
train movements in opposite directions over
the same stretch of track.

Time Signal-a signal that controls train
speed by requiring that a certain time
elapse between entering and leaving a
block.

Wayside Signal-a signal of fixed location
along the track right-of-way.

SIGNAL ASPECT-See Aspect.

SLIDE (WHEEL)—the condition, during braking or
deceleration, where the surface speed of the
wheel is less than train speed,

SLIP (WHEEL)—the condition, during accelera-
tion, where the surface speed of the wheel is
greater than train speed. (Also called “Spin.”)

SLIP-SLIDE SYSTEM-an onboard system for
automatically detecting and correcting slip and
slide by making compensating adjustments of
propulsion and braking to maintain optimum
traction (wheel-rail adhesion),

SPEED

Civil Speed (Limit)—the maximum speed
allowed in a specified section of track as
determined by physical limitations of the
track structure, train design, and passenger
comfort.

Safety Speed (Limit)—the maximum speed at
which a train can safely negotiate a given
section of track under the conditions pre-
vailing at the time of passage. (Safety speed
may be less than or equal to civil speed,)

Schedule Speed-the speed at which a train
must operate to comply with the timetable;
mathematically, the distance from terminal
to termina divided by the time scheduled
for the trip (including station stops),

SPEED PROFILE-a plot of speed against distance
traveled.

SPEED REGULATOR-an onboard subsystem,
usually part of the automatic train operation
(ATO) system, that controls acceleration and
braking to cause the train to reach and maintain a
desired speed within a given tolerance,

SPIN-See Slip.
STOP

Emergency Stop-stopping of a train by an ap-
plication of the emergency brake, which—
after initiation-cannot be released until
the train has stopped.

Full Service Stop-a train stop achieved by a
brake application, other than emergency,
that develops the maximum brake rate.

Penalty Stop--irrevocable open-loop braking
initiated by an onboard automatic System
or by a wayside trip stop as a result of a
block violation or uncorrected overspeed.

Programed Stop-a train stop produced by
closed-loop braking such that the train is
stopped at a designated point according to a
predetermined speed-distance profile.
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Stop Signal--a signal indication requiring a
train to stop and stay stopped and permit-
ting no exceptions such as running at
reduced speed, movement within restrict-
ing limits, or similar alternatives.

Train Protection Stop-a train stop initiated
by the automatic train protection (ATP)
system.

SWITCH—a device that moves rails (switch
points) laterally to permit a train to transfer from
one track to another. (See also Frog,)

Facing Point Switch-a track switch with
points facing toward approaching traffic.

Trailing Point Switch-a track switch with
points facing away from approaching
traffic.

SWITCH POINT-a movable tapered track rail,
with the point designed to fit against the stock
rail.

TERMINAL ZONE-a length of track, within

which the prescribed running direction can be
reversed while it is occupied by a train,

TERRITORY—that portion of a route or route net-
work characterized by a particular mode of
operation or type of equipment, e.g., cab signa
territory, multiple track territory,

THIRD RAIL-See Contact Rail.

TRACK

Double Track—two parallel tracks, usually
with each reserved for running in one
direction only.

Main Track-a track extending through yards
and between stations, upon which trains
are operated in revenue service or the use
of which is governed by signals.

Reversible Track--a section of track on which
the prescribed direction of running can be
reversed if it is unoccupied and the oppos-
ing home signals are at stop.

Single Track--a main track on which trains
are operated in both directions.

Transfer Track-a track in a yard area where
transfer between main track and yard
modes of operation takes place.
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TRACK CIRCUIT—(See Circuit, Track,)

TRAFFIC REGULATION--a train supervisory
function making use of changes in dwell time,
performance level, acceleration rates, or other
train performance characteristics to maintain in-
tended traffic patterns and system stability,

TRAIN-a consist of one or more cars combined
into an operating unit, (See aso Consist.)

TRAIN BOARD—(See Model Board.)

TRAIN DETECTION EQUIPMENT—the track
circuits and associated apparatus used to detect
the presence of trains in blocks,

TRAIN IDENTIFICATION-a method of desig-
nating trains by means of such information as
train number, destination, or length; may be ac-
complished automatically for functions such as
routing or dispatching.

TRAIN ORDERS—instructions used to govern the
movement of trains manually, usually written
and hand-delivered,

TRANSFER ZONE-a zone where changeover
from manual to automatic operation, or vice ver-
sa, may be made. (See also Transfer Track, under
Track.)

TRIP STOP-a mechanical arm, located on the
wayside, that can initiate a penalty brake ap-
plication on a train that passes it by engaging a
brake-triggering device (trip cock) on the train.
Trip stops may be fixed, i.e, permanently posi-
tioned in the tripping position; or they may be
raised and lowered in response to signa indica
tions,

TURNBACK POINT-a point along the track, not
a a terminal, where a train may reverse direction
if alowed by the train control system, (See aso
Terminal Zone,)

TURNOUT-an arrangement of switch points and
frog with closure rails that permits trains to be
diverted from one track to another,

UPSTREAM—track locations that, for a given
reference point and direction of travel, lie behind
the train and have been passed by it.

YARD-a network of tracks for making up trains
and storing cars.



Appendix E

CHRONOLOGY OF TRAIN CONTROL

The history of train control technology in rail
rapid transit is interwoven with railroad engineer-
ing. Most of the train control techniques applied in
rail rapid transit have their origin in railroading,
from which they are either borrowed directly or
adapted to the special circumstances of the urban
setting. For this reason, many train control
engineers consider ATC in rail rapid transit simply
an extension of the field of railroad signaling.
However, there are some distinct differences, both
in the technology and its application. The
similarities and differences are evident in the
chronology of train control development presented
here.

The development of signaling and train control
technology may be separated into two periods, with
1920 as the dividing point. Before 1920 the major
areas of technological advance were interlocking
control and block signaling (manual and automatic).
After 1920, the demand for moving heavier traffic
at higher speeds and with increased safety led to
major developments such as centralized traffic con-
trol, continuous cab signaling, coded track circuits,
and automatic train control. Generally, innovative
signaling and train control technology for rail rapid
transit was derived from railroads and lagged
behind railroad application by about 10 years. There
were some notable exceptions;, the development of
automatic junction operation and automatic train
dispatching was pioneered in rail rapid transit. Very
recently, since roughly 1960, there has been some
experimentation with techniques and equipment
solely for rail rapid transit and small people-mover
systems.

The major source of this material is American
Railway Signaling Principles and Practices,
Chapter |—History and Development of Railway
Signaling, published by the Association of
American Railroads, Signal Section, 1954. Supple-
mentary information, particularly on rail rapid tran-
sit technology in recent years, was assembled from
various sources, including manufacturer’s
brochures, local transit agency reports, and techni-
ca journals.

1832

1843

1851

1853

1853

1860

1863

1866

DEVELOPMENT

The first fixed signal system in America
was installed on the New Castle &
Frenchtown RR, The signals were ball-
shaped objects mounted on masts at 3-
mile intervals. The signals were raised
and lowered by a signaman to indicate
permissible speed—Ilow meaning stop
and stay and high meaning proceed at
full speed, The latter indication gave rise
to the expression “highballing.”

The first mechanical interlocking was
installed at Bricklayer's Arms Junction in
England. It was a simple machine oper-
ated by a signailman who worked the
switches with his hands and the signals
with his feet.

Morse code electric telegraph was first
used in train operation for sending train
orders on the New York & Erie RR.

The Philadelphia & Reading RR installed
signal towers for giving information to
approaching trains on the occupancy of
the track in advance.

Open-circuit manual block signaling was
first used in England.

Gate signals were initiated in America.
A stop indication was displayed by plac-
ing a red banner or disc on top of the gate
during the day. A red light was displayed
at night.

Closed-circuit (fail-safe) manual block
signaling, using the space interval
method of operation, was first employed
in America on the United New Jersey
Cana & RR Co. between Kensington, Pa
(Philadelphia), and Trenton, N.J.

The first automatic electric block system
was installed on the New Haven System
a Meriden, Corm. Hall enclosed disc sig-
nals, open circuit, were operated by track
instruments.
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1868

1870

1871

1872

1873

1876

1876

1880

1881

1885
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The Pennsylvania RR used a type of
train order signal which was under the
control of the train dispatcher who could
set it in the stop-danger position at any
remote station by means of a selective
device operated over the regular Morse
telegraph circuit.

The first interlocking machine in
America was installed at Top-of-the-
Hill, a junction a Trenton, N. J., on the
Camden and Amboy Division of the
Pennsylvania RR.

A system of automatic block signals,
comparable with presently used equip-
ment, was installed on the New York &
Harlem RR and the Eastern RR.

The first installation of closed d.c. track
circuit, invented by Dr. William Robin-
son, was made at Kinzua, Pa.,, on the
Philadelphia & Erie RR.

The Robinson closed-circuit track block
for switch protection was first put into
use on the Philadelphia & Erie RR.

The first power interlocking of the Burn
pneumatic type was put in use on the
Pennsylvania RR at Mantua “Y,” West
Philadelphia, Pa

The Boston & Lowell and the Boston &
Providence RRs introduced the Robin-
son electromechanical signal for
automatic blocking, controlled by direct
current track circuits.

The first automatic train stop was placed
in trial service on the Middle Division of
the Pennsylvania RR. A glass tube in the
train air line located on the locomotive
near the rails was designed to be broken
by a “track trip” set in operating position
when the signals were in the stop posi-
tion.

The first interlocking of the hydraulic
type was installed by the Union Switch &
Signal Co. at Wellington, Ohio, for a
crossing of the Wheeling & Lake Erie Ry.
with the Cleveland, Cincinnati, Chicago
& St. Louis Ry.

The “Dutch Clock” device for establish-
ing time intervals (headways) between

1885

1889

1893

1900

1900

1901

trains was in use on the New York, New
Haven & Hartford RR and the New York
Central & Hudson River RR. When oper-
ated automatically by a treadle device on
the rail, the passing train released a
pointer which started to move around a
dial divided into three segments each
representing 5 minutes. The pointer
movement was controlled by an escape-
ment so that it moved across the dial in a
period of 15 minutes. Headway for the
train ahead was thus indicated up to 15
minutes.

The first electric detector locking for in-
terlocked track switches was installed by
the Pennsylvania RR at the Pittsburgh,
Pa., termina by using depression trips to
ground the indication circuit.

The first electric interlocking employing
dynamic indication, invented by John D.
Taylor, was installed at East Norwood,
Ohio, at the crossing of the Batimore &
Ohio Southwestern RR and the Cincin-
nati and Northern RR.

The first low-voltage, direct-current,
motor-operated automatic semaphore
block signals were installed on the
Central RR of New Jersey in Black Dan’s
Cut, east of Phillipsburg, N.J. They were
two-position lower-quandrant signals
with the motor and driving chain outside
the mast.

The first three-block indication was in-
stalled on the Pennsylvania RR between
Altoona and Cresson, Pa. The signals
were two-position, lower-quadrant,
home and distant automatic semaphores,

In Acton Town, England, an illuminated
track diagram was first used in connec-
tion with resignaling on the District Ry.
due to electrification, It dispensed with
separate track indicators and brought
together all track occupancy information
on the plan of tracks and signals, thereby
facilitating the work of the signalman
handling traffic.

The Taylor Signal Co. put in service the
first electric interlocking embodying the
“dynamic indication” principle, at Eau



1901

1901

1903

1906

1907

1909

1911

1912

Claire, Wis., on the Chicago, St. Paul,
Minneapolis & Omaha Ry.

The Boston Elevated installed special
polarized d.c. track relays. This was the
first attempt to operate track circuits on a
railroad where propulsion power was
supplied by electricity and the rails were
used as the medium for current return.

The Boston Elevated made the first per-
manent installation of an automatic train
stop system, which consisted of
mechanical wayside trips engaging brake
control apparatus on the moving car.

The North Shore RR of California made
the first installation of ac. track circuits
for automatic block signals.

The first signal system with ac. track
circuits on a road using ac. propulsion
power was installed on the New York,
New Haven & Hartford RR, The track
circuits were the two-rail type, 60 Hz,
with impedance bonds. Propulsion cur-
rent was 25 Hz.

The first automatic interlocking for the
protection of a railroad crossing was in-
stalled at Chester, Va, at a crossing of
the Tidewater & Western Ry. with the
Virginia Railway, Power & Light Co.

The Erie RR installed automatic signal-
ing for train operation by signal indica
tion on a two-track division, 139.7 miles
in length, which directed trains to: (1)
stop and hold main track, (2) take siding,
(3) proceed on main track regardiess of
superior trains.

The absolute permissive block system
(APB), developed by the General Rail-
way Signa Co., was first installed on the
Toronto, Hamilton & Buffalo RR be-
tween Kinnear and Vinemount, Ontario,
Canada, using direct-current semaphore
signals.

Train movements on the Chesapeake &
Ohio Ry. were directed for the first time
by signal indication without written
train orders.

1912

1914

1915

1919

1920

1923

1925

1926

Cab signals were first used on an electric
railway, the Indianapolis & Cincinnati
Traction Co. '

The cam controller for control of power
application to d.c. propulsion motors was
first used in the Chicago Rapid Transit
co.

The American Railway Association
adopted rules which permitted train
operation on single track by controlled
manual block signal indications, super-
seding timetable and train orders.

The Buffalo, Rochester & Pittsburgh Ry.
made the first trial installation of the
General Railway Signal Co. intermittent
inductive train stop system. This system
used magnetic induction to transfer sig-
nals from wayside controls to train
equipment.

The first installation of automatic speed
control in the US. was that of the Regan
Safety Device Co. intermittent electrical
contact ramp-type train control system
on the Chicago, Rock Island & Pecific RR
between Blue Idand and Joliet, IlI.

The Pennsylvania RR placed in service,
experimentally, the first installation
anywhere of the continuous inductive cab
signal and train control system coveting
43.5 miles of single track and 3.4 miles of
two-track, between Lewistown and Sun-
bury, Pa It was the first instance where
vacuum tubes were used for purposes
other than in communication circuits.
This installation also was the first time
that cab signals were used in lieu of
wayside signals for operating trains by
signal indication.

The first permanent installation of cab
signals without wayside automatic block
signals was made on the Atchison,
Topeka & Santa Fe Ry., between
Chillicothe, 1ll., and Ft. Madison, lowa.
The equipment was a Union Switch &
Signal Co. three-speed continuous in-
ductive-type train control device.

The Illinois Central RR was the first to
equip an operating division with
automatic train stop and two-indication
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1927

1930

1931

1932

1933

1934

1937

218

continuous cab signals without wayside
automatic block signals,

The first General Railway Signal Co.
centralized traffic control system was in-
stalled on the New York Central RR be-
tween Stanley and Berwick, Ohio. The
first dual-control electric switch
machines, which provided for either
hand or electric operation, were in-
troduced on this installation,

The first use of the al-relay interlocking
principle, as a substitute for indication
parts and magnets at the levers of a large
interlocking machine equipped with
mechanical locking, was at Cleveland
Union Terminal, Ohio,

The New York Centra RR installed a
system of four~block indication signals
on a line equipped with automatic block
signals in heavy suburban traffic terri-
tory.

The Philadelphia subways installed a
modified type of the three-wire circuit
code scheme of centralized traffic con-
trol.

The Pennsylvania RR was granted per-
mission by the ICC to convert all its
locomotives equipped with the coded
continuous train stop system to the
coded continuous cab signal system with
whistle and acknowledger. This was
done with the understanding that the
Pennsylvania RR would voluntarily ex-
tend cab signa territory to include most
of its main line trackage.

The first instalation of coded track cir-
cuits on steam-operated territory was
made between Lewistone and Mt.
Union, Pa., on 20 miles of four-track
main line on the Pennsylvania RR, The
average length of track circuit was 5,201
feet. Energy was coded storage battery
for three and four-indication wayside
signals, with coded 100 Hz ac. superim-
posed for continuous cab signals,

The first installation of a relay-type in-
terlocking with push-button automatic
selection of routes and positioning of
switches and signals, General Railway

1939

1939

1940

1940

1940

1940

Signal Co. Type “N-X" (entrance-exit),
was made at Girard Junction, Ohio, on
the New York Centra RR.

A four-indication, four-speed coded,
continuous train control system was in-
stalled on suburban cars of the Key
System, Southern Pacific and Sacramen-
to Northern Railroads operating over the
San Francisco-Oakland Bay Bridge,
California, The system was designed to
handle 10-car multiple-unit trains
operating on a I-minute headway, The
installation included an N-X interlock-
ing system with a train describer and
automatic operation of a single switch.

The first application of coded detector
track circuits in interlocking was made
by the Norfolk & Western Ry.

The first instalation of coded track cir-
cuits for continuous cab signaling with-
out wayside automatic signals in steam
territory, developed by the Union Switch
& Signal Co., was made between Conpit
and Kiskiminetas Junctions, Pa., on the
Pennsylvania RR,

The Pennsylvania RR installed a
centralized traffic control system be-
tween Harmony and Effingham, IIl.,
using the Union Switch & Signal Co,
two-wire, 35-station time code type for
the first time on a multiple-connected
line circuit in which the line wires were
continuous throughout the territory, and
which provided for the coordination of
the code circuit and communication cir-
cuits over the same line wires, This was
the first installation of a centralized
traffic control system to employ a two-
wire code line circuit in which al the
field locations were connected in multi-
ple across the line wires,

The first installation of reversible coded
track circuits in single-track territory
with centralized traffic control was
made between Machias and Hubbard,
N.Y., on the Pennsylvania RR.

The first installation of absolute per-
missive block (APB) signaling with three
and four indications with coded track



1943

1944

1946

1948

1949

1951

1951

circuits was made on the Norfolk &
Western Ry., between Petersburg and
Evergreen, Va

The first installation of coded track cir-
cuits using polar reverse codes with
three-indication signaling for either-
direction operation was made on the St
Louis Southwestern Ry.

The first installation of normally
deenergized coded track circuits for
centralized traffic control on single track
was placed in service between Laredo
and Polo, Me., on the Chicago, Mil-
waukee, St. Paul & Pacific RR.

The Pennsylvania RR demonstrated the
feasibility of centralized traffic control
operation over commercial communica-
tion circuits, including beamed radio.
The test was made over approximately
1,130 miles of Western Union carrier
telegraph circuit including about 90
miles of beamed radio. This was the first
time beamed radio was used for this pur-
pose.

The first use of automatic train dispatch-
ing in rail rapid transit was by the
Philadelphia Rapid Transit Co. (now
SEPTA). The device employed a perfor-
ated opaque tape driven by a clock
mechanism. A beam of light scanning
the tape triggered a photoelectric cell
that automatically activated starting
lights at terminals.

The Chicago Transit Authority initiated
experiments in the use of radar for train
detection and separation assurance.

The Pennsylvania RR installed a three-
speed continuous inductive train control
system in which the limits were 20 miles
per hour with no code, 30 miles per hour
with 75 code, 45 miles per hour with 120
code, and no speed limit with 180 code.

CTA began the use of automatic train
dispatching with remote override
capability from central locations. The
system, which employs a mechanical
clock, pen graph recorders of train move-
ment, and line supervision, is still in
operation.

1951

1952

1953

1953

1955

1959

1961

1962

1964

A portable radio, called “Dick Tracy,”
was first used by yard switchmen on the
Southern Ry. in connection with cou-
pling cars in the classification yard and
transferring them to the departure yard.

The Erie RR placed in service at Water-
boro, N, Y., in connection with the
establishment of a remotely controlled
interlocking, a system of automatic train
identification, This system automatically
identifies the direction and the number
of atrain as it clears a manual block on a
branch line.

The first installation of cab signaling
using transistors in place of vacuum
tubes was placed in service on the New
York, New Haven & Hartford RR by the
General Railway Signal Co.

The first installation using transistors in-
stead of vacuum tubes in safety-type
(vital circuit) carrier equipment was
made on the Pennsylvania RR. The
equipment was developed by the Union
Switch & Signal Division o f
Westinghouse Air Brake Co.

A crewless remote-controlled passenger
train was demonstrated on the New
York, New Haven & Hartford RR.

The inductive train phone was first used
in rail rapid transit by the Chicago Tran-
sit Authority.

A completely automatic subway train
was placed in service on the shuttle run
between Times Square and Grand
Central Station in New York. A motor-
man was on board for emergencies, but
he was not involved in normal operation
of the train and often spent his time
reading the newspaper,

A crewless freight train operating
system was tested on the Canadian Na-
tiona RR.

Automatic train operation (ATO) equip-
ment, intended for use in the BART
system, was operationally tested at
Thorndale on the Chicago Transit
Authority North-South route.
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1966

1966

1967

1969

1971

220

Four automatic train control systems for
BART were demonstrated at the Diablo
test track--one using the moving block
concept, two using coded track circuits,
and the other using a “trackwire” com-
munications link and wayside control
equipment.

Fully automated vehicle operation and
innovative methods of train control were
demonstrated for the Transit Express-
way (Skybus) system at South Park, Pa.,
by the Port Authority of Allegheny
County (Pittsburgh).

Audio-frequency track circuits in a rail
rapid transit application were first
placed in regular service by the Chicago
Transit Authority.

Revenue service was begun on the
PATCO Lindenwold Line. After a
manually initiated start, train operation
is completely automatic until the doors
are opened at the next station.

An automatic people-mover system was
placed in operation at the Tampa Air-
port. This system incorporates some of
the ATC elements originally demon-
strated at South Park,

1972

1972

1973

1974

1974

Four automatic people-mover systems
were demonstrated at TRANSPO ’72,
Washington, D. C., under the auspices of
the U.S. Department of Transportation.

Revenue service was initiated on the
Fremont-MacArthur portion of the
BART system, Train operation, includ-
ing start, berthing, and door operation, is
entirely automatic but under the super-
vision of an onboard operator,

The Satellite Transit System, featuring
automatic crewless vehicle operation,
was placed in service for passengers at
the Seattle-Tacoma (Sea-Tac) Airport.

The AIRTRANS system at Dallas/Ft.
Worth Airport opened for service.
Operating on 17 interconnected routes,
AIRTRANS has automatic crewless
trains to carry passengers, baggage,
freight, and refuse within the airport
complex.

Demonstration of the Morgantown (W,
Va,) PRT system was conducted, Small
vehicles, operating on a fixed guideway,
circulate under automatic control and
without onboard operators,



Appendix F

PERSONS AND ORGANIZATIONS VISITED

During the course of this study, visits were made to each operating transit agency and to other organiza-
tions with an interest in the design and operation of rail rapid transit systems. The following is a list of the
persons interviewed and their organizationa affiliation. Individual recognition of their contributions to the
study is not possible, except in a few cases where their observations are cited directly in the report. The
OTA staff and the Urban Mass Transit Advisory Panel are grateful for the cooperation of these people and
for the generous gift of their time and interest. Persons interviewed by the OTA staff are listed on the left.
Those interviewed by the technical consultants, Battelle Columbus Laboratories, are listed on the right.

OPERATING TRANSIT AGENCIES
Boston—M assachusetts Bay Transportation Authority (MBTA)

Jason B. Baker
Supt., Equipment Engineering

Francis X. Capelle

Deputy Supt., Signals and Communications
Joseph P. Dyer

General Supt., Power and Signals

William Malone
Safety Department

David Marcham
Transportation Department

Larry Bulongie
Signals and Communications

James A. Burns
General Supt., Equipment Maintenance

Raymond M. Caddigan
Supt. of Rail Lines

Francis X. Capelle
Deputy Supt., Signals and Communications

Frank Crowley
Deputy Supt., Maintenance

Col. Warren J. Higgins
Director of Operations

Larry Maddalena
Electrical Supervisor

Chicago-Chicago Transit Authority (CTA)

Joseph Bensen
Librarian
James Blaa
Manager of Transportation

Thomas Boyle
Director of Safety

Albert Brandt
Signal Maintainer, Lake-Harlem Shops

Daphne Christensen
Science Advisor to the Chairman of the Board

Kendrick Bisset

Supervisor, Signal Design

Paul Cleaver
Supt., Signals and Communications

Arthur Sandberg
Manager, Engineering

James Stewart
Manager, Equipment Engineering

Ralph Tracy
Director of Transportation Services
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Paul C. Cleaver
Supt., Signals and Communications

Adel El Dib
Management Systems

Judy Genneson
Librarian
Edward Henry
Public Safety

Harold Hirsch
Manager of Operations Planning

Paul Kole
General Manager, Finance

George Krambles
General Manager, Operations

Herbert Lowenstein
District Supervisor (North)

Katherine Moriarty
Supervisor, Collection Agents

Evan C. Olmstead
Manager of Maintenance

A. R. Sandberg
Manager of Engineering

Theodore Szewc
Supervisor, Signals Maintenance

Ralph Tracy
Director of Transportation Services

Joanne Vlecides
Development Planning

Thomas Wolgemuth
Director, Plant Maintenance
Chicago—Illinois Department of Transportation

B. G. Cunningham
Former Assistant Secretary of
Transportation (Illinois DOT)

Cleveland—Cleveland Transit System (CTYS)

Elmer Corlett
Director of Personnel

Bernard Hamper
Employment Supervisor

Leonard Kraynik
Chief Research Analyst
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Michael McKenna
Supt., Power and Plant

Philip Rockwood
Manager of Maintenance

Myron Silsby
Supt. of Rapid Transit
Bernard Wilchek

Supervisor of Management Development,
Training and Safety

Dear Williamson
Manager of Operations

Donald Y uratovac
Research Specialist, Research and Planning

New York—New York City Transit Authority (NYCTA)

Charles Kalkhof
Assistant General Superintendent,
Maintenance of Way

William O’ Neill
Asst. Supervisor of Signals

Louis Aless
Assistant Supervisor,
Car Maintenance

Frank T. Berry
Executive Officer, Operations
and Maintenance

Joseph Calderone
Irwin Cohen

Frank De Maria
Supt. of Rapid Transit

Seymour Dornfeld
Division Engineer, Signals and
Communications

Donad Gill
Chief Industrial Engineer

Charles Kalkhof
Assistant General Superintendent,
Maintenance of Way

Harold J. McLaughlin
Assistant General Supt., Rapid
Transit Transportation

Dennis Newman
Deputy Subdivision Engineer,
Maintenance of Way

Jack Rogg

Supt. of Engineering and Production
Control
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Daniel T. Scanndll
Senior Executive Officer, Operations
Management

Bart Sheehan
Railroad Signal Specidist,
Maintenance of Way

Ludwig Stanitsch
Senior Transit Management Analyst

Thomas Sullivan
Supt., Rapid Transit

Philadelphia, Camden—Port Authority Transit Corporation (PATCO)

David L. Andrus, Jr.
Supervisor of Traffic and Planning

Howard C. Conings
Safety and Insurance Supervisor

Robert B. Johnston
General Manager

Robert S. Korach
Assistant General Manager and Supt. of
Operations

John A. Lane
Administrative Assistant to the General
M anager

John J. McBride
Captain of PATCO Police

Herbert McCreary
Statistician

J. William Vigrass
Supt. of Equipment

James F. Elder
Supt. of Operations

Joe Fiori
General Foreman, Signals and Communications

Robert B. Johnston
General Manager

Robert S. Korach
Assistant General Manager and
Supt. of Operations

J. William Vigrass
Supt. of Equipment

D. R. Wolfe
Supt. of Way and Power

Clay Yost
Equipment Engineer

PATCO Consultants
Gibbs & Hill
Jack R. Shepard
Chief Systems Engineer (Ret.)

San Francisco—Bay Area Rapid Transit (BART)

Malcolm Barrett
General Counsel

Ward D. Belding, Jr.
Senior Economic Analyst

Ray Carroll
Director of Maintenance

Krishna Hari
Train Control Systems Engineer
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George Anas
William Briner
Supt. of Line Operations

Ray Carroll
Director of Maintenance

Marvin Denowitz
Manager of Quality Control

Krishna Hari
Train Control Systems Engineer



Fred Harmon
Transportation Division

William F. Hein
Director of Planning

Mary-Lou Mulhern
Librarian

Eugene P. Nunes
Safety Supervisor

Philip O. Ormsbee
Assistant to General Manager

William M, Reedy
Former Member, BART Board

William J. Rhine
Director of Engineers

Ronald E. Rypinski
Supervisor of Maintenance Planning

George M. Silliman
Former Member, BART Board

BART Consultants

Hewlett-Packard
David Cochran
Leonard Cutler

Lawrence Berkeley Laboratory
Don M. Evans
D. Theodore Scalise

Roy W. Harris, TRW
Manager, BART Safety Availability Project

Clarence Lovell
Member, Special Panel, Public Utilities
and Corporations Committee, California
Senate

Bernard M. Oliver
Member, Special Panel, Public Utilities
and Corporations Committee, California
Senate

William Wattenburg
Independent Consultant

San Francisco—State of California

Alfred E. Alquist
Chairman, Public Utilities and
Corporations Committee,
California Senate

William F. Hein
Director of Planning

Mary-Lou Mulhern
Librarian

William J. Rhine
Director of Engineering

R. Somerton
Training Supervisor

BART Consultants

Parsons-Brinckerhoff-Tudor-Bechtel
Walter Quintin of the Bechtel Corp.
TRW

Hal Buchanan

Roy Harris, Project Manager

Everett Welker
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James Cooney
Office of the Legidative Analyst

Wayne Keithley
Office of the Legidative Analyst

James R. Mills
Member, Public Utilities and
Corporations Committee,
California Senate

A. Alan Post
Legislative Analyst

San Francisco—California Public Utilities Commission

James K. Gibson
Director, Transportation Division

Leol. Lee
Senior Electrical Engineer

William L, Oliver
Transportation Division

Herman W. Privette
Senior Transportation Supervisor

Theodore E. Rogers
Chief, Railroad Operations and
Safety Branch

In addition to contacts with the preceding people and organizations who are involved in operating transit
agencies, OTA technical consultants from Battelle Columbus Laboratories interviewed the following per-
sons.

AGENCIES IN PLANNING OR CONSTRUCTION ACTIVITY
Atlanta—Metropolitan Atlanta Rapid Transit Authority (MARTA)

Al Locke, System Safety Engineer
John J. Tucker, Equipment Design Manager
Ernest Young, Equipment Design Engineer

Consultants
Parsons-Brinckerhoff-Tudor-Bechtel
Dale H. Fencken, Supervising Engineer, ATC

Baltimore—Mass Transit Administration (Maryland)

Walter J. Addison, Administrator

Carl Buhlman, Manager, Equipment and Equipment Systems
Frank W, Hearne, Director, Rapid Transit Development Division
Bernard Walker, Senior Electrical Engineer

Consultants
Daniel, Mann, Johnson, and Mendenhall/Kaiser Engineers
P. Morris Burgess, Chief Systems Engineer
David Hammond, Project Manager
Lewis Sanders, Senior Systems Engineer
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Buffalo—Niagara Frontier Transportation Authority (NFTA)

Kenneth Knight, Manager of Metro Construction
Eugene Lepp, Manager of Systems

Denver—Regional Transit District (RTD)

Dr. J. Edward Anderson, Advisor

George Billman, Manager, Technology Assessment

Aubrey J. Butts, System Design

Carlos DeMoraes, Assistant Executive Director, Development
R. J. Farrell, Command and Control Specialist

Ralph Jackson, Director of Planning

Paul Newcomb, Director, System Design

John Simpson, Executive Director

A. J. Weaver, Subsystem Requirements

W. Wwild

Consultants
Systems Management Contractor (TRW Systems et al.)
E. Bagerstos, Reliability/Safety
R. K. Boyd, Assistant Program Manager, Controls
A. F. Ems, Reiability/Safety
Robert Johnson/Simulation
Herman Wells, Controls

Miami—Metropolitan Dade County Transit Authority
E. Randolph Preston, Asst. Coordinator for Transportation Development

Consultants
Kaiser Engineers
James Allis
Ralph Mason
Eugene Stann, Project Manager

Minneapolis-St. Paul—Twin Cities Area Metropolitan Transit Commission

Camille Andre, Executive Director

John Jamieson, Director of Transit Development

Douglas Kelm, Chairman, Metropolitan Transit Commission
William Marshall, Systems Engineer

Robert Pearson, Project Manager, Fixed-Guideway Systems

Consultants
De Leuw Cather
Frank Smith, Small Vehicle Study

Others
Dr. J. Edward Anderson, University of Minnesota

J. Kiedrowski, Staff Member, Minnesota Senate Metropolitan Urban
Affairs Committee

Pittsburgh—Port Authority of Allegheny County (PAAC)

John Mauro, Executive Director
James Maoney, Acting Manager, Early Action Program
Robert Sedlock, Systems Technology
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Consultants
Kaiser Engineers
Thomas R. Gibson, Systems Engineering
Zoltan Stacho, Project Manager

Washington, D.C.—Washington Metropolitan Area Transit Authority (WMATA)

C. David Allen, Systems Maintenance Engineer

Howard W. Lyon

David Q. Gaul, Assistant Director, Office of Equipment Design
Warren Quenstedt, Deputy General Manager

William Randolph

Ralph Sheldon, Train Control Engineer

Consultants
Gibbs and Hill
Joseph Smith, Senior Transportation Engineer
Jack Shepard, Chief Systems Engineer (Retired)

AUTOMATED AIRPORT SYSTEMS
Dallas-Fort Worth Airport—Dallas-Fort Worth Regional Airport Board (AIRTRANS)

Dennis Elliott, Manager of Engineering
Dalton Leftwitch, Operations Supervisor, AIRTRANS
David Ochsner, Manager, AIRTRANS
David Slaboda, Maintenance Supervisor, AIRTRANS

Supplier
LTV
Richard Condrey, Manager, Ground Transportation
Austin Corbin, Project Manager
John Loutrel, Operations Research

Seattle-Tacoma International Airport—Port of Seattle (Sea-Tac)

Arthur Krause, Airport Maintenance Superintendent
Eugene Sagar, Operations Manager, Port of Sedttle
Don Shay, Director of Aviation, Port of Sedattle

Consultants
The Richardson Associates
Harry Linden, Assistant Administrative Director

Supplier
Westinghouse Electric Company
Joseph Borkowski, Maintenance Manager

SUPPLIERS

General Railway Signal Corp. (GRS), Rochester, N.Y.

Dr. John Freehafer, Manager of Advanced Engineering
Arthur Gebhardt, Vice President, Marketing
Mark Sluis, Vice President, Engineering
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Westinghouse Air Brake Company (WABCO), Union Switch and Signal Division,
Swissvale, Pa
Homer Hathaway, Senior Systems Consultant

Westinghouse Electric Company (WELCO) Transportation Division, Pittsburgh, Pa.

Philip Gillespie, Manager of Market Development
James H. King, Reliability Engineer
Dr. Robert Perry, Manager, Train Controls and Vehicle System Engineering

INSTITUTIONS
Amalgamated Transit Union, Washington, D.C.

Walter Bierwagen, Member. Genera Executive Board and Director of
Public Affairs
Earle Putnam, General Counsel

American Public Transit Association (APTA), Washington, D.C.

Robert Coultas, Deputy Executive Director
Jack Hargett, Legislative Liaison
B. R. Stokes, Executive Director

FEDERAL AGENCIES
Transportation Systems Center (TSC), Cambridge, Mass.

Robert Casey, Systems Analyst

Harry Hill, Man-Systems Technology

Robert Pawlak, Project Manager, ATC Program
Chan Watt, Systems Safety/Reliability/Maintainability

Urban Mass Transportation Administration (UMTA), Washington, D.C.

Steven Barsony, Acting Director, Morgantown Division, Office of R&D
Edward J. Boyle, Manager, Safety Division, Office of Transit Management
Ray Brunson, Systems Development Branch, Office of R&D

Vincent DeMarco, Systems Development Branch, Office of R&D

Duncan MacKinnon, Chief, Advanced Development Branch, Office of R&D
Paul Spencer, Staff Engineer, Rail Branch, Office of R&D

Federal Railroad Administration (FRA), Washington, D.C.

C. M. Bishop, Chief, Signals Branch, Standards and Procedures Division
Rolf Mowatt-Laarsen, Chief, Standards and Procedures Division, Bureau of Safety
William Paxton, Chief, Maintenance of Way Branch, Standards and Procedures Division

National Transportation Safety Board (NTSB), Washington, D.C.

J. Emerson Harris
Robert Jewell
Thomas Styles, Chief, Railroad Safety Division
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Appendix G

BIOGRAPHIES OF URBAN MASS TRANSIT
ADVISORY PANEL

George Krambles, Chairman
General Operations Manager
Chicago Transit Authority (CTA)
Chicago, IlI.

Mr. Krambles is responsible for the transportation, maintenance, and operations planning departments
which together include more than 11,000 of CTA’s 12,500 employees. Prior to assuming the position of
General Operations Manager, he served as operating manager in charge of the transportation and shops and
equipment departments from 1972 to 1973. He was superintendent of research and planning related to serv-
ice and marketing from 1965 to 1972, and superintendent of operations for the transportation department
from 1961 to 1965. In addition, he was named manager in 1964 for the 2-year Skokie Swift mass transporta-
tion demonstration grant project.

Mr. Krambles is a graduate of the University of Illinois and a registered professional engineer in lllinois.
After a brief period with the Indiana Railroad, he joined the Chicago Rapid Transit Company, serving in the
mechanical and electrical departments. His work during this period included maintenance and construction
design as well as power system operation.

Walter J. Bierwagen

Vice President and Director of Public Affairs
Amalgamated Transit Union

AFL-CIO

Mr. Bierwagen has spent most of his professional life in a leadership role in organized labor. From 1951 to
1964, Mr. Bierwagen was president and business agent of the Washington local of the Amalgamated Transit
Union representing Washington transit employees. In this role he was the primary officer who directed col-
lective bargaining and legislative programs of interest to his union. Subsequently he became vice president
of the international union, engaging in legislative representation before Congress on behalf of the members
of the Amalgamated Transit Union, and conducting collective bargaining negotiations on behaf of many
ATU local unions in the Eastern section of the United States. In addition he has been involved in State ac-
tivities for the labor movement by serving as vice president of the Maryland State Federation, AFL-CIO, as
well as a principal officer of the Washington Central Labor Council. His interests have gone beyond the
labor movement, including active leadership in Group Heath Association, and the development of transit
health, welfare, and pension funds on the local level. As mentioned above, Mr. Bierwagen's principal ac-
tivity has been in the legidative arena. In that role, he played an important part in the development of the
Urban Mass Transportation Act of 1964 and its amendments, especially the requirements to protect
employees, and in the development of similar legislation at the State level.
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Robert A. Burco

Deputy Director

Oregon Department of Transportation
Salem, Oreg.

Mr. Burco has been active in the field of urban transportation policy research since 1967, performing studies
for local and State governments and the Federal Government. Most recently he has headed his own consult-
ing firm specializing in transportation and environment policy. Previously he was employed in a research
capacity at the Stanford Research Ingtitute and at Bell Telephone Laboratories. Mr. Burco received a B.S. and
M.S. from Stanford University and a second master’'s degree from the University of California at Berkeley.

He has been involved professionally in the activities of the Transportation Research Board and has lectured
widely on the subject of transportation. His clients have included a number of public interest groups, the
California State Legislature, Office of the Mayor of Los Angeles, and the California Department of
Transportation. He is familiar with transportation policy in Europe, Canada, and Japan, having worked on
international assignments with the Organization for Economic Cooperation and Development in Paris. In
September 1975, he joined the administration of Governor Straub as Deputy Director of the Oregon Depart-
ment of Transportation.

Jeanne J. Fox
Associate Director, Research
Joint Center for Politica Studies

Mrs. Fox has conducted research on transportation as a public policy issue since 1971. Prior to her present
position, she was a consultant a8 Mark Battle Associates, and before that she was employed at the United
States Information Agency.

She is a graduate of the University of Minnesota.

Mrs. Fox was the principal author of Urban Transportation: Minority Mobility in the 70's (DC-RDG-12),
prepared for UMTA, Civil Rights Division. She was one of two principal investigators and co authors for
UMTA research which resulted in the following three reports:

Transportation for the Elderly and the Handicapped (DOT-UT-533), Marketing Techniques and the Mass
Transit System (DOT-UT-533), Marketing Techniques and the Mass Transit System—A Handbook
(DOT-UT-533).

She aso wrote the “Public Transit in the Spotlight, ” Focus, 1974.

Lawrence A. Goldmuntz
President, Economics & Science Planning, Inc.
Washington, D.C.

Dr. Goldmuntz is a consultant and the present Visiting Professor of Engineering and Public Policy at Car-
negie-Mellon University in Pittsburgh, Pa. Prior to his present positions, he worked in the Office of the
Assistant Secretary of Transportation for Research and Technology and chaired the Metroliner Steering
Committee, charged by the Secretary of Transportation to supervise the completion of the Northeast cor-
ridor Washington-New York high speed rail project. He aso served as Executive Secretary of the Air Traffic’
Control Advisory Committee at DOT, as Assistant Director for Civilian Technology in the Office of Science
and Technology of the Executive Office of the President, and as chairman of a committee for the Office of
Science and Technology which reviewed the Cumulative Regulatory Effects on the Cost of Automotive
Transportation (RECAT). Previously in private industry, he served as President of TRG Inc., a research and
development organization involved in air traffic control and other electronic systems.

Dr. Goldmuntz is a graduate of Yae University where he received his B.E.E. (1947) and M.E.E. (1948)
degrees and h@ Ph.D. (1950) in Applied Science.
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Dorn C. McGrath, Jr.

Chairman, Department of Urban and Regional Planning
The George Washington University

Washington, D.C.

Professor McGrath has served as an advisor or consultant to a variety of agencies concerned with transpor-
tation and urban growth policy, including the House Committee on Public Works, the House Committee on
Banking and Currency, the U.S. Commission on Population Growth and the American Future, the U.S.
Aviation Advisory Commission, the Port of Oakland, and the North Central Texas Council of Governments.
He is a member of the Environmental Studies Board of the National “Academy of Sciences and Chairman of
the Environmental Advisory Board for the Chief of Army Engineers.

Professor McGrath is a graduate of Dartmouth College where he received his B.A. degree. He received his
M.A. in City Planning from Harvard University.

He is a principa author of the National Academy of Sciences report, Jamaica Bay and Kennedy Airport,
published in 1970, and has written numerous articles on transportation and related community development
planning.

Bernard Oliver

Vice-President of Research and Member of the Board of Directors
Hewlett-Packard Company

Palo Alto, Cdlif.

Dr. Oliver previously worked on the development of automatic tracking radar, television transmission, in-
formation theory and efficient coding systems, as a member of the technical staff of the Bell Telephone
Laboratory (New York) from 1940 to1952. He joined Hewlett-Packard in 1952 as director of research and
was appointed Vice-President of Research and Development in 1957. Presently, he is also a lecturer in
electrical engineering at Stanford University and a member of the Science and Technology Advisory Com-
mittee to the California State Assembly. He recently served on a State senate panel investigating the safety
aspects of the BART system.

Dr. Oliver is a 1935 graduate of Stanford University where he received his A.B. and M.S. degrees in electrical
engineering. In 1940 he received his Ph.D. degree in electrica engineering from Cal Tech.

He is the author of numerous technical articles and holds over 50 U.S. patents in the field of electronics. He
is a Fellow of the IRE and has served as vice president and later president of the IEEE.

Simon Reich

Supervising Engineer-Signals
Gibbs & Hill, Inc.

New York, New York

Mr. Reich took his present position in the Signals department, after serving in the Transportation and
Systems departments of Gibbs & Hill. He has an extensive background in automatic train control (ATC). He
has worked on the design of signaling and control systems and the technical coordination of the WMATA
rail rapid transit system, including the ATC and communication functions. Prior to association with Gibbs &
Hill, he was involved in the design of train control demonstration systems for the BART Concord test track,
the CTA Lake Street Line, the CTS Airport Extension, and the MBTA South Shore Project-all while work-
ing for the General. Railway Signal Company. Other activities of Mr. Reich a GRS include the engineering
for automatic train operation systems and train control research and development for rapid transit lines and
railroads. These included projects on automatic train operation for the NYCTA 42d Street Shuttle, and a cab
signaiing system for the Netherlands State Railway, This work involved design of train-borne equipment
and instrumentation to measure train performance.

Mr. Reich is a 1959 graduate of the Polytechnic Institute of Brooklyn where he also received a B.S. in
Physics.
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Frederick P. Salvucci

Secretary, Executive Office of Transportation and Construction
Commonwealth of Massachusetts

Boston, Mass.

Secretary Salvucci has been occupied, both professionally and personally, with the problems of urban plan-
ning and transportation in the Boston area since his forma training at the Massachusetts Institute of Tech-
nology. Prior to his appointment as Secretary, Mr. Salvucci held transportation and management jobs with
the Boston municipal government and worked as a transportation planner for the Boston Redevelopment
Authority,

Mr. Savucci helped to organize and found Urban Planning Aid, an advocacy planning group established to
provide technica and planning assistance to low-income and other community groups. He has also been ac-
tive in the Greater Boston Committee on the Transportation Crisis, a public transportation advocacy group,
the Massachusetts Air Pollution and Noise Abatement Committee, an organization concerned with promot-
ing a shift from air to rail travel, and the East Boston Neighborhood Council,

Mr. Salvucci’s formal training at M.I.T. concluded in 1962 with an M.S. in civil engineering. He was named
Fulbright Scholar in the 1964-65 academic year.

Thomas Chapman Sutherland, Jr.

Assistant Dean, School of Architecture and Urban Planning
Princeton University

Princeton, N.J.

Dean Sutherland, prior to his present position, was Assistant Director, Office of Research and Project Ad-
ministration at Princeton and before that, Assistant to the Chairman of Princeton’s Department of
Astrophysical Sciences, He has served as former Chairman of the South New Jersey Group of the Sierra
Club, a Trustee of the Stony Brook-Millstone Watersheds Association, Vice Chairman of the Princeton Con-
servation Commission, and recently a member of the New Jersey Solid Waste Advisory Council. Dean
Sutherland is presently Chairman of the University Environmental Advisory Committee and a member of
the Gateway Citizens Committee.

He is a graduate of the United States Naval Academy. While in the Navy, he served in the submarine service
and, as a staff member of the Navy’'s Office of Specia Projects, worked on the development of the Polaris
missile.

Dean Sutherland has authored numerous articles on conservation, ornithology, astronomy, and railroads.
He is co author of the book, The Way to Go: The Coming Revival of U.S. Rail Passenger Service (Simon &
Schuster), published in 1974. He is presently on the Board of Directors of the National Association of
Railroad Passengers (NARP).

Stewart F, Taylor

Vice President & Director Mass Transportation
Sanders & Thomas, Inc.

Pottstown, Pa.

Mr. Taylor has been a consultant on transportation projects for public agencies at the Federal, State, and
local level and for private corporations, Before becoming a consultant, he served with the former Penn-
sylvania Railroad in various staff and management positions, He was aso Chairman of the 1975 National
Conference on Light Rail Transit, jointly sponsored by the Urban Mass Transportation Administration, the
National Research Council, the American Public Transit Association, and the University of Pennsylvania

Mr. Taylor is a graduate of Yale University and Harvard Law School. He has authored numerous articles and
papers on transportation, The most recent is entitled, “Urban Transportation—Another Alternative,”
published by the Heritage Foundation of Washington, D.C. His work has appeared, on several occasions, in
the United States Congressional Record.
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American Transit Association, “Vandalism and
Passenger Security, ” September 1973.

Association of American Railroads, Signal Section,
American Railway Signaling Principles and Prac-
tices, Chapter 1. History and Development of Rail-
way Signaling, Chicago, Ill., 1954.

Air Transport World, “Facts and Figures,” Vol. 12,
No. 1, January 1975.

Battelle Columbus Laboratories, Safety in Urban
Mass Transportation, Report No. UMTA RI-06-
0005-75-1, prepared for Urban Mass Transportation
Administration, Washington, D, C., April 1975,

Department of Transportation, Transportation
Systems Center, Safety and Automatic Train Con-
trol for Rail Rapid Transit Systems, Report No.
DOT-TSC-OST-74-4, prepared for the Office of the
Secretary, Washington, D, C., July 1974,

Grose, V. L., “Constraints on Application of
Systems Methodology to Socio-Economic Needs,”
presented to First Western Space Congress, Santa
Maria, Calif., October 1970.

Highway Research Board, Task Force on Urban
Mass Transportation Safety Standards, Safety in Ur-
ban Mass Transportation: the State of the Art, for
the Nationa Research Council, Washington, D. C.,
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Appendix |

CONGRESSIONAL LETTERS OF REQUEST

UNITED STATES SENATE,
COMMITTEE ON APPROPRIATIONS,
Washington, D. C., February 25, 1974.
Hon. Ebwarp M. KENNEDY,
Chairman, Technology Assessment Board,
House Annex, Washington, D.C.

Dear MR. Crairman: On behalf of Senator Robert C. Byrd, Chairman
of the Transportation Subcommittee, and Senator Clifford P. Case, the
Subcommittee’s Ranking Minority Member, | am transmitting the at-
tached technology assessment request to you.

With kindest persona regards, | am

Sincerely,
JoHN L. McCLELLAN, Chairman.

Enclosure.

UNITED STATES SENATE,
Washington, D. C., February 6, 1974.
Hon. JoHn L. McCLELLAN,
Chairman, Senate Appropriations Committee, New Senate Office Build-
ing, Washington, D.C.

Dear MR. Cuairvan: We would like to enlist your support for a
prompt and thorough study of automation in federally supported urban
rail transit projects.

This matter of increasing concern to our Subcommittee arises because
several large cities, including Baltimore and Atlanta, are planning auto-
mated train systems and are or will be seeking substantial federal funding
within the next two years.

At the same time, serious questions have arisen as to whether and to
what degree Automated Train Control (ATC) should be used in rail tran-
sit.

The recent experience with San Francisco’s new rail system, known as
BART, has helped focus attention on this problem.

Original plans for BART called for a fully automated system requiring
no on-board train operator. This has not worked out because of a series of
malfunctions in the ATC system. Costly patch-up work, with substantial
federal help, is underway, but complete automation of BART now ap-
pears out of the question.

In light of the BART experience we should be alert to see to it that the
same expensive mistakes are not made in other federally supported urban
rail transit projects involving Automated Train Control.
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At present, there is no means of assuring that the mistakes made in the
BART project will not be repeated.

A draft study just completed by the Department of Transportation’'s
Transportation Systems Center states that train control “typically
receives little priority and emphasis’ even though—as the study empha-
sizes—this choice of system greatly affects revenue, safety, including, we
add, the serious matter of crime prevention, and operation and mainte-
nance costs. The DOT study did not purport to deal with cost and cost sav-
ings in detail, but it did state that there seemed to be an “intuitive
conclusion that an automated system should be more economical than a
man-operated system in achieving or surpassing a given level of service or
safety. ”

The Congress and this Committee should not accept an “intuitive”
judgment on matters of such cost and complexity.

There are at least two questions that require particular study: (1) to
what extent should urban rail transit systems be automated? and (2) how
should these projects be planned and executed?

The appropriate body to carry out such an independent, in-depth study
for this Committee is Congress Office of Technology Assessment. Under
the provisions of the “Technology Assessment Act of 1972" (P.L. 92-482,
Sec. 3(d), (1)), we ask that you transmit to the Chairman of the Tech-
nology Assessment Board our reguest for a study that would:

1. Assess the state of automated train control technology and its
application to existing and planned rail transit systems—What ma
jor research is underway and what is its objective? What train con-
trol systems are being considered for transit projects now in the
planning stage? What are the characteristics of these systems and
how are they similar to or different than those of BART and other
highly automated systems in use?

2. Assess the testing methods by which the workability of auto-
mated train projects is determined.—To what extent are prototypes
built and tested? What has been the lesson of BART and other re-
cent projects concerning the necessity for system testing during
development? What provisions have been made for the testing of
train control systems now being planned?

3. Assess the process by which new rail transit systems or exten-
sions of existing systems are planned and executed; evaluate the
adequacy and professionalism of cost, safety, including crime pre-
vention, and other analyses used.—What criteria are used, par-
ticularly in determining degree of automation? To what extent are
economic tradeoffs (i.e., cost of partially manual vs. fully automated
system) explicitly considered? How and to what extent is public
oversight maintained throughout the project? What federal require-
ments, if any, apply to these federadly assisted projects?

Your assistance in transmitting this request will be appreciated,

Sincerely,

Roeert C. BYRD,

Chairman, Transportation Appropriations Subcommittee.
CLIFFORD P. CASE,

Ranking Minority Member,

Transportation Appropriations Subcommittee.
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