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This report of the National Cooperative Highway Re-
search Program summarizes the alternative measures that
are being used effectively in various cities to deal with the
compounded problem of ever-increasing traffic demand
on existing freeways and deemphasis on providing new
facilities. Contrary to the customarily-used format for
NCHRP reports, unique treatment has been employed in
this instance because of the broad audience of highway
administrators, legislators, and other public officials who
should find useful to their management and operation of
freeway systems the overview of proven traffic control and
improving operations.
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Preface

his publication results from grow-

ing concern about increasing con-

gestion on urban freeways. It pro-

vides an overview of proven traffic
control techniques for reducing congestion
and improving operations that will be of in-
terest to highway administrators, legislators,
and other public officials concerned with
the management and operation of freeway
systems.

The ever-increasing traffic demand being
placed on existing freeways, coupled with
the current deemphasis on providing new
facilities, confronts the highway administra-
tor with the need and the challenge to devel-
op and employ innovative traffic control
techniques. This summary of alternative
measures that are being effectively used in
various cities should prove useful in helping
meet this challenge.

This synthesis of past and present prac-
tices describes operational and safety prob-
lems typical to an urban freeway corridor, a
range of options for dealing with these prob-
lems, and guidelines for implementing and
operating freeway control systems. The
report is based on previous research, actual
experience from operating freeway control
systems in various parts of the United States,
and numerous interviews with individuals
having responsibility for those systems.

General guidance is provided for the plan-
ning and implementation of freeway control

projects at the executive and administrative
levels. Thus, this is not a technical evalua-
tion of the various types of freeway control
systems in operation but instead is a narra-
tive of how freeway control techniques can
be effectively used to improve traffic flow,
reduce delays and accidents, increase capa-
city, and create a better traffic environment.

The research reported herein was the fifth
and final phase of NCHRP Project 20-3. Pre-
vious research under this project evaluated
various traffic surveillance, communica-
tion, and control techniques using the John
C. Lodge Freeway in Detroit as a test facility.
The earlier work also provided a summary of
all research conducted on the Lodge Free-
way by the NCHRP and others. This sum-
mary is available from University Microfilms
International, 300 North Zeeb Road, Ann
Arbor, Michigan 48106.

Special acknowledgment and apprecia-
tion are extended to all the members of the
NCHRP Project Panel for their guidance in
the development of this publication and for
their extensive review of the various draft
manuscripts. Appreciation is also extended
to my colleagues, too many to name, for
providing an opportunity for numerous dis-
cussions and for providing information and
photographs for use in this publication.

Donald G. Capelle
September 1979
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4 Houston, Texas. (Texas State Department of High-
ways and Public Transportation.)

Introduction

vast network of highways has

been constructed during the

past few decades in an effort to

meet the nation’s need for in-
creased mobility. While one result is that
Americans today are history’s most mobile
society, the total effort has not been com-
pletely successful. Traffic congestion, still a
chronic problem in most densely populated
areas, has been compounded by environ-
mental pollution and limited fuel supplies.
Although it is generally agreed that the auto-
mobile will continue to be the most common
form of transportation, the “more highways”
approach is not the ultimate solution to im-
proving urban transportation. How, then,
can this be accomplished?

Increased use of both traditional and mod-
ern forms of transit will help, as will techni-
ques such as carpooling, staggered work
hours or four-day weeks. Another promising
way to reduce congestion is through more
intensive management and control of traffic
—especially in urban freeway corridors.

The growing need for better management
of freeways to provide increased levels of
capacity, service, and safety is becoming
more and more apparent. Experience has
shown that freeway traffic management sys-
tems can significantly improve the move-
ment of people by:

* Detecting and responding to accidents,
disabled vehicles and other incidents
that affect the flow of traffic.

® Restraining traffic flow at certain points
to prevent congestion at more crucial
points, which helpstrafficmovethrough
critical bottlenecks.

® Giving priority treatment to higher-
occupancy vehicles (such as buses and
carpools), which increases the person-
moving capacity of the freeway.

e Diverting traffic from congested sec-
tions of a freeway to under-used road-
ways serving the same corridor.

¢ Providing real-time information to the
motorists, aiding them in efficient utili-
zation of the freeway system.



Programs to improve the capacity and ef-
ficiency of urban freeways are not new. As
early as 1955, the City of Detroit implemen-
ted a project on the John Lodge Expressway
that used closed-circuit television for free-
way surveillance. Chicago, Detroit, Hous-
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ton, Los Angeles, and Dallas pioneered the
application of freeway surveillance and con-
trol in the early 1960s. New York applied the
technology to increase the flow of traffic
through the Hudson River tunnels. Based on
the success and experience of these early
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experiments, freeway surveillance and con-
trol systems are now being developed and
placed in operation in a number of urban
areas throughout the world. Figure 1 shows
those areas in the U.S. where some form of
freeway management and control is cur-
rently being used.

Initially, projects focused primarily on the
hardware aspects of surveillance and con-
trol, but experience soon showed that other
elements were equally important: develop-
ment of good relations with the public, the
press, and concerned political jurisdictions;
participation of police, fire, and mainte-
nance organizations; development of opera-
ting procedures and control logic; and staff
considerations. It was also found that free-
way traffic management need not involve
major commitments of staff and money. In-
stallations of automated traffic control sys-
tems can often provide significant benefits
for a relatively small investment. This is par-
ticularly true where limited installations are
required for controls, such as ramp metering
devices.

Freeway surveillance and control can be a
highly reliable and valuable management
tool. Research conducted during the past 20
years has demonstrated that improved oper-
ations will provide tangible benefits to free-
way users. However, relatively few freeway
management systems are in operation today.
One reason is that many highway adminis-
trators anticipate that the design, implemen-
tation, and operation of a freeway control
system is too complex an undertaking. For
this reason, it is important that every high-
way administrator become familiar with the
concepts and benefits of freeway manage-
ment systems so that they can promote the
application of techniques for improving
safety and mobility forpeople in urban areas.
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4 Colden Gate Bridge, San Francisco, California. (San
Francisco Regional Office - Alan M. Voorhees & Asso-
ciates.)

A Look at

the Problems

he 1956 Federal-Aid Highway Act
resulted in construction of a large
network of freeways. These free-
ways, a vital element of the total
transportation system, serve approximately
20 percent of motor vehicle travel in the
United States although they comprise only
about 1.1 percent of the total road system.
While increased mobility and greater levels
of safety have resulted, the mere building of
these freeways has not been sufficient. Ex-
perience has shown that these facilities must
continue to provide a high level of opera-
tional service if they are to provide the safety,
comfort, and convenience expected by the
motoring public. This level of service has
been maintained onrural freeways; however,
the demand from an ever-increasing number
of commuters and other travelers in urban
areas has led to conditions that prevent many
urban freeways from providing the intended
level of service. The resulting impact on
these freeways has been congestion—the
predominant problem.

Congestion is typified by slower-than-de-
sired travel speeds, erratic stop-and-go driv-
ing, unpredictable travel times, increased
operating costs, higher accident frequen-

cies, energy waste, air pollution and many
other frustrating conditions. It is attributed
to overloaded facilities when traffic demand
exceeds capacity; in other words, when too
much traffic is attempting to use the same
facility. Undesired delay, increased pollu-
tants, and a waste of scarce resources are the
resulting impacts.

The term “recurring problem” is used to
describe congestion when it routinely occurs
at certain locations and during specific time
periods. The term “non-recurring problem”
is used to describe congestion when it is due
to random events such as accidents or other
extraordinary events. While numerous fac-
tors contribute to the congestion problem,
most of the problems can be classified in one
of the following general categories:

e Recurring excessive demand

e Recurring geometric deficiencies

* Non-recurring temporary hazards

(incidents)

RECURRING PROBLEMS

The most common cause of recurring con-
gestion is excessive demand, the basic over-
loading of a facility that results in traffic



stream turbulence. Under ideal conditions,
the capacity of a freeway is approximately
2,000 passenger cars per lane per hour.
When the travel demand exceeds this num-
ber, an “operational bottleneck” will de-
velop.

Excessive demand is illustrated by Figure
2, which represents cars passing a point in
the road as a function of time. The solid
line represents the capacity of a point on a
section of freeway at a particular time; i.e.,
the number of vehicles passing the point
under the prevailing roadway conditions.

As long as the traffic demand (dashed line)
is less than or equal to the capacity of that
section of freeway, there is no congestion.
However, once the arrival rate begins to ex-
ceed the capacity at time ta, a bottleneck is
formed and vehicles begin to accumulate
upstream of the bottleneck until time tp
when the demand once again is equal to the
capacity of that section of freeway. The
amount of delay, represented by the shaded
area between the demand and supply
curves, cannot be changed unless either
demand or capacity is altered.

An example is congestion associated with
unrestrained ramp access. If the combined
volume of a freeway on-ramp and the main
freeway lanes creates a demand that
exceeds the capacity of a section of freeway
downstream from the ramp entrance, con-
gestion will develop on the main lanes of
the freeway, which will result in queuing
upstream of the bottleneck. The time and
location of this type of congestion can be
predicted fairly accurately.

Another cause of recurring congestion is
the reduced capacity created by a geo-
metric deficiency such as a lane drop,
difficult weaving section, or narrow cross-
section. The capacity of these isolated
sections, called “geometric bottlenecks,” is
lower than that of adjacent sections along
the freeway. When the demand upstream of
the bottleneck exceeds the capacity of the
bottleneck, congestion develops and queu-
ing occurs on the upstream freeway lanes.
The bottlenecks exhibit some of the same
characteristics as the “excessive demand”
bottlenecks. Likewise,the resulting conges-
tion can also be predicted fairly accurately.

Lane drops, short weaving sections, nar-
row cross-sections, inadequate signing, sight
restrictions, and non-standard interchanges
are the most common causes of geometric
bottlenecks. An active program of redesign
and reconstruction of existing facilities
could eliminate many of these geometric
deficiencies. However, since these improve-
ments tend to be very expensive, this type of
problem will continue to be a source of con-
gestion on many urban freeway facilities.

<« Recurring congestion associated with unrestrained
ramp access. The time and location of this type of
congestion can be predicted fairly accurately. (Ari-
zona Department of Transportation.)



Figure 2. Relationship Between Demand, Capacity and Congestion
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When traffic demand exceeds the service rate of a section of freeway a bottleneck is
formed and vehicles will accumulate upstream of the bottleneck. The amount of
delay is represented by the shaded area.

NON-RECURRING PROBLEMS

Delay and hazards caused by random
events constitute another, and sometimes
equally serious, freeway congestion prob-
lem. Referred to as temporary hazards or
freeway incidents, they can vary signifi-
cantly in character. Included in this cate-
gory is any unusual event that causes
congestion and delay. Usually the effect of
non-recurring problems is the reduction of
traffic flow either by blocking a lane or
lanes, or by causing some other impediment
to traffic flow that has the effect of reducing
the capacity of a section of freeway. The
most common types encountered on urban

freeways include:
Traffic accidents
Disabled vehicles
Spilled loads
Adverse weather conditions
Gawking

Because neither the location nor time of
these random events is predictable, the re-
sulting congestion cannot readily be dealt
with by routinely controlling demand or in-
creasing capacity—strategies typically used
to alleviate the recurring type of conges-
tion problem. Experience has shown that
these non-recurring problems happen fre-
quently in day-to-day freeway operation
and can create considerable congestion,

especially if they occur early in peak de-
mand periods.

SEVERITY OF IMPACT

Different freeway congestion problems
have different impact severities; however,
the severity of a particular problem is gen-
erally dependent on time of day, place of
occurrence, and duration. Severity also de-
pends on whether the different types of
problems occur simultaneously or indepen-
dently of one another. For example, a tem-
porary hazard such as a disabled vehicle on
the shoulder of a freeway may have only
negligible impact during off-peak condi-
tions. But the same incident during a peak
period, when freeway traffic is approaching
capacity, may result in severe congestion.

Many studies have been conducted to
determine the extent and magnitude of
freeway problems. Although it is difficult to
generalize the results because of the variety
of problems encountered, it is possible to
use statistics from a few of the studies to ex-
emplify the magnitude of the overall free-
way congestion problem.

During a recent traffic-responsive ramp
control experiment in Los Angeles, it was
found that freeway volumes increased by 3
percent, waiting times at ramps decreased
by 20 percent, and average speed on the
freeway increased 100 percent (from 25 to
52 mph). It was estimated that the freeway
management system contributes to annual
savings of more than 220,000 vehicle-hours
with an annual net benefit of nearly
$675,000. In Detroit, where ramp metering
was installed to combat recurring conges-
tion problems, it was estimated that
225,000 annual vehicle-hours were saved as
a result of this control. A similar savings in
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travel time has been reported for the out-
bound lanes of the Eisenhower Expressway
in Chicago.

Delays due to incidents may be as great
or greater than those caused by recurring
congestion. One study reports that at least
one lane in a typical urban freeway network
is likely to be blocked 7.2 percent of the
time due to accidents and 6.7 percent of
the time because of stalled vehicles or
breakdowns. Such blockage of freeway
lanes has severe impact. Recent research
has shown that a one-lane blockage caused
by a minor accident actually reduced the
capacity of a freeway section by 50 percent
even though the physical reduction was
only loss of one lane (a 33 percent reduction
in capacity).

In an analysis of incidents using data
from the Detroit study, it was calculated
that delay-causing incidents on a 10-mile
freeway segment would produce 550,000
annual vehicle-hours of delay, resulting in
excessive hydrocarbon pollutants and a
waste of more than 360,000 gallons of gaso-
line. The Los Angeles program of early
detection and rapid removal of unusual
incidents reported similar results and noted
that non-recurring congestion could be re-
duced by as much as 65 percent with an
incident-management program. There are
no national figures indicating the total costs
associated with freeway congestion, but it
has been estimated that these costs consti-
tute a multimillion dollar annual burden—
one that need not be tolerated.

Non-recurring incidents constitute a major source of
congestion on urban freeways. A program of early de-
tection and rapid removal is necessary to effectively
deal with these problems. (California Department of
Transportation.)







'f’/ - A
- > s e
= A f-";‘”fﬁ dﬁﬂ"'




4 Highway monitoring. (The Port Authority of New
York and New Jersey.)

wide range of options is avail-
able to minimize congestion
and control the level of service
provided motorists on urban
freeways. These options deal with both
recurring and non-recurring problems.

MANAGEMENT OF RECURRING
PROBLEMS

Although management of recurring prob-
lems can take a variety of forms, the
following are usually involved: managing
vehicular demand, managing person de-
mand, or increasing capacity through geo-
metric improvements.

Management of Vehicular Demand

Vehicular demand is managed by various
freeway operation control techniques— con-
trol of traffic at entrance ramps, control of
traffic on the freeway mainline, and priority
control.

Entrance Ramp Controls —Entrance ramp
control is the most widely used method of
managing vehicular demand. Its basic
objective is to reduce the number of vehi-

Possible
Solutions

cles entering the freeway so that freeway
traffic can move in the most efficient range
of speeds and densities—i.e., the optimum
speed to achieve the maximum flow. This
type of control provides for a higher and
more predictable level of service on the
freeway and, at the same time, improves
the overall safety of operation, reduces air
pollution, and conserves energy.

Ramp closure and ramp metering are the
most frequently used forms of entrance ramp
controls. Ramp closure consists of physically
closing the ramp to traffic on either a perma-
nent or a short-term basis. Because this is a
very restrictive type of control, it is normally
used only at selected locations. Such loca-
tions include facilities with inadequate stor-
age at the entrance ramp (to prevent disrup-
tion to surface street traffic due to vehicles
waitingtoenterthe freeway), facilities where
the freeway is running at capacity on the sec-
tion before the entrance ramp, and facilities
where the ramp (even when controlled) does
not allow traffic to merge into the freeway
traffic stream without considerable hazard
or disruption,

Signs, manually placed barriers, and
automated barriers are commonly used to

13
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effect ramp closure. Automated barriers are
the most effective because the gates can be
opened and closed automatically, giving
more flexibility in responding to fluctuating
changes in traffic conditions. Signing tends
to be ineffective since a high number of
violations normally occur. Although effec-
tive, manually placed barriers are highly
labor intensive and normally used only
under experimental conditions.

Ramp metering, the most common tech-
nique for controlling vehicular demand,
limits the rate at which traffic can enter the
freeway, thus allowing the freeway to op-
erate at a higher level of service. A standard
traffic signal that operates in the same man-
ner as a signal at any intersection is used on
the ramp.

A Entrance ramp control is used to reduce the number of vehicles entering the free-
way, thus allowing the freeway to move in the most efficient range of speeds and

The ramp metering rate generally de-
pends on whether the metering is being
used to minimize congestion on the free-
way or to improve safety at the merging
area. If the intent of the system is to mini-
mize congestion, the metering rate is set to
equal the difference between upstream
freeway demand and downstream freeway
capacity. If the metering is used only to
improve safety, the metering rate is set to
ensure that each vehicle has time to merge
before the following vehicle approaches the
merge area. The intent of single-vehicle
entry is to reduce the incidence of collision
(mainly rear-end) created by vehicles on
the ramp competing for gaps in the freeway
stream. In either case, the metering rates
are selected on the basis of historical traffic

data on both the freeway and the ramp.
Three basic types of metering are used in
ramp control systems—pretimed metering,
traffic-responsive metering, and merge con-
trol. Pretimed metering consists of fixing
the metering rate in accordance with some
selected time period (i.e., time of day). In
this technique, the ramp signal operates at
a fixed cycle length in accordance with a
metering rate selected for a particular
control period.

Pretimed metering has proven to be an
extremely cost-effective ramp control tech-
nique. Its simplicity of design and the fact
that the largest net gain in benefits is
achieved in going from no control to some
simple form of control make pretimed
metering very appealing. The greatest dis-

densities. Ramp control is the most widely used method for managing vehicular
demand. (Arizona Department of Transportation.)



advantage is that the system cannot adjust
to fluctuating changes in demand and there-
fore cannot be responsive to non-recurring
problems such as incidents or special events.
Furthermore, the system may meter when
unnecessary, which results in loss of credi-
bility and compliance.

Traffic-responsive metering is based on
the same principle as pretimed metering;
however, the strategy of selecting ametering
rate differs. Pretimed metering rates are de-
termined from historical measures of traffic
conditions; traffic-responsive metering rates
are determined from actual measurements
of traffic conditions, which allows response
to current rather than historical conditions.
The basic strategy of traffic-responsive me-
tering is to obtain real-time traffic measure-
ments of conditions on the freeway, exam-
ine how the freeway is operating with respect
to capacity, and from this information deter-
mine the number of ramp vehicles that can
be released without causing congestion on
the freeway. Thus, traffic-responsive meter-
ing is an effective means of control because
it can react to fluctuating traffic flows and
minimize the adverse effects caused by
short-term variations in traffic demand. The
added surveillance required for traffic-re-
sponsive metering can also be used for inci-
dent detection and route diversions.

Merge control is used to achieve opti-
mum use of freeway gaps. The system is
basically a method of merging a maximum
number of entrance ramp vehicles into
available gaps on the freeway without
causing significant disruption to the flow of

Variable-message signs are able to present current in-
formation on changing traffic conditionstothe motor-
ist. (California Department of Transportation, left;
Texas Transportation Institute, right.) P

traffic on the freeway. A series of detectors,
installed in the right-hand lane of a freeway
in advance of an entrance ramp, monitor
the flow in that lane. Once a gap of a prede-
termined length occurs, a vehicle is allowed
to leave the ramp and enter the freeway.
This type of control is most effective on
ramps where considerable turbulence is
generated by vehicles trying to enter the
main stream of traffic. This situation is most
predominant on older freeways that have
poor merging operations because of inade-
quate design standards. Where ramp
designs are of high standard, merge control
strategies are unnecessary, and a pretimed
or traffic-responsive metering system is
more effective.

Integrated ramp control is a refinement
that has gained widespread use. In this
technique, ramp metering rates are based
on total system operation and not on traffic
flow just immediately upstream and
downstream of a ramp. The control system
monitors level of service performance at all
access points to the freeway and, from this
measurement, establishes an allowable
ramp flow that will achieve a desired level

2 MILES
Use Skilim

of service for the entire system. By control-
ling the level of service in the system, over-
all higher flows can be achieved throughout
the length of the freeway. Integrated ramp
control is a complex operation that requires
both sophisticated control strategies and
centralized computer control. However,
such a system can be responsive to individ-
ual variations in traffic demands and can be
especially useful in responding to incidents
that occur within the control section.

Freeway Mainline Control—Control of
traffic on the freeway mainline involves
regulation and guidance of freeway traffic
with the intent of achieving more uniform
and stable traffic flow as demand for the
facility approaches capacity. Although
freeway mainline control has not been used
extensively in operating systems, there is
considerable interest in the concept, and it
is likely there will be more emphasis on re-
search and demonstration projects in the
future. The most common mainline control
techniques include variable speed control,
driver information systems, and mainline
metering.
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Variable speed control is intended to
control the speed of traffic on a freeway to
a level that achieves a uniformity of speeds
and stable traffic flow. The theory is that, as
the peak-flow demand on a facility in-
creases, speed control can help improve the
stability of flow and thus reduce interaction
between vehicles in the traffic streams. This
assumes, of course, that drivers are respon-
sive to speed increase opportunities and
thereby maintain minimum headways.
When this is not true, speed control is not a
viable concept for preventing congestion.
However, improving the uniformity of
speeds increases the probability of reducing
the occurrence of rear-end collisions as
congestion develops. Variable speed con-

FHY CONDITION X
LANE BLOCKED
2 MI RHERD

' SYSTEM UNDER TEST

trol can also be used during off-peak periods
to alert motorists to a traffic hazard.

Experience with variable speed control
has been limited and results have been
somewhat mixed. In Detroit, motorists con-
sidered variable speed limits advisory rather
than regulatory and thus did not decrease
speeds to the posted limit unless there was
an apparent reason to do so. It was also
found that the control was not successful in
increasing flow at critical bottlenecks.
Many European countries, however, have
found that variable speed signs on freeways
are effective and produce favorable results
in terms of improving the speed distribution
and reducing the frequency and severity of
accidents.
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Driver information systems are used in
mainline control to advise motorists of free-
way conditions so that appropriate action
can be taken by the driver to enhance the
efficiency and safety of operations. The
philosophy is to inform the driver of im-
pending conditions with up-to-date infor-
mation. This enables the driver to decide
what actions should be taken; i.e., whether
to divert from the freeway or continue on
the planned route under some form of con-
trol. Signing and radio are examples of
driver information systems used in mainline
control.

Signing consists of visual information dis-
plays. Single-message signs—those capable
of conveying only one message—are used
to warn drivers of a closed lane, congestion,
or a particular hazardous condition such as
weather or environmental conditions. Since
they are used only when a particular hazard
occurs, their use is limited, although they
can be very useful at locations where hazard
is well-defined and occurs periodically.

Variable-message signs are able to con-
vey a variety of information, which makes
them more effective in presenting current
information on changing traffic conditions.
A number of these sign systems are current-
ly installed on freeways and feature some of
the principal systems given in Table 1. Al-
though there are limited data on the effec-
tiveness of these signs, it has been deter-
mined that motorists are less frustrated and
aggravated when they are provided with in-
formation on the location of congestion and
the expected length of delay to be encoun-

o Driver information systems, used in mainline con-
trol, warn the motorist of freeway conditions. The
motorist can then take any appropriate action to en-
hance safety and efficiency in operation. (City of Bal-
timore.)



Table 1. Summary of Features of Some Variable-Message Sign Systems

Number of
Location Type of Sign Displays Type of Information
Dallas, Texas Rotating drum 3 Alternate route
Houston, Texas Lamp matrix 4 Freeway condition and
alternate route
Los Angeles, -
Califogrnia Lamp matrix 35 Freeway condition
Denver, Lamp matrix 4 Freeway condition
Colorado

tered. This in itself tends to increase the
safety and comfort of their trips as well as
improve the overall efficiency of the sys-
tem. It is important that the information
presented to the driver, with both single-
message and variable-message displays, be
accurate. If motorists are given reason to
believe the information is erroneous, credi-
bility will suffer and the system will not
serve its intended purpose. It is also impor-
tant that variable-message sign systems not
be leftblank —motoriststend to think a blank
sign is out of order.

Commercial radio is a common means of
communicating freeway traffic informa-
tion. Local broadcast stations in all major
urban areas provide information on a rou-
tine basis during the peak periods of traffic
flow; however, because much of the infor-
mation broadcast by the local stations is
not accurate, timely, or reliable, its
effectiveness often is lost. Several urban

areas now have cooperative arrangements
between radio stations and freeway opera-
ting agencies—detailed traffic information
is furnished to the stations at regular inter-
vals by a freeway management agency and
the stations are notified almost immediate-
ly of traffic problems resulting from
accidents or other major incidents. This
increased cooperation has resulted in a
much more reliable system for providing
real-time driver information.

Roadside radio is a communication
system in which messages can be transmit-
ted directly to the driver from local
roadside transmitters. Its major advantage
over commercial radio is that the messages
can be more specific to the conditions at a
particular location. Although this tech-
nique has not been fully tested in an
operational environment, experimental
studies have shown that the system is fully
acceptable to motorists and can be used

effectively to control vehicle speeds in haz-
ardous locations. The major problems
are FCC restrictions on frequency transmis-
sion and dependence on the driver to have
a radio receiver in his vehicle. Also,
commercial radio stations in some areas
have opposed the system because the ser-
vice is competitive with ongoing programs.
If these problems can be overcome, it is
likely that roadside radio will become a
practical and widely used means of com-
municating freeway traffic information. It
has the advantages of greater flexibility,
lower cost, and the ability to convey more
up-to-date information than other currently
available driver information systems.
Another form of control involves main-
line metering— controlling traffic entering a
freeway control section via the mainline
lanes according to input demand and
downstream capacity. Although this con-
cept creates congestion on the mainline
upstream of the control section, it provides
for noncongested flow on the mainline
downstream through the control section. Its
major objective is to control traffic demand
at a mainline control point so that a desired
level of service can be maintained on the
freeway lanes downstream of this location.
The desired level of service may be set to
meet any of several criteria—to maximize
throughput of a downstream bottleneck; to
provide a high level of service to all vehi-
cles downstream of the control point,
particularly for buses and carpools that
enter from nearby park-ride terminals; to
distribute total delay in a more equitable
manner; or to encourage diversion from the
freeway because of normal traffic conges-
tion or because of capacity-reducing
incidents. This concept is being used on
special controlled-access facilities such as
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tunnels and bridges to increase capacity and
give priority to high-occupancy vehicles.
However, there has been only limited testing
on typical urban freeway systems.

Priority Control— Priority control provides
preferential treatment for buses, carpools
and other priority vehicles using the free-
way. The basic intent is to encourage use of
more high-occupancy vehicles and thus re-
duce the total vehicle demand on the free-
way. The major types of priority control used
on freeways are separated facilities, reserved
lanes, and priority access control.

Separated facilities are limited-access
roadways specifically constructed for the
exclusive use of high-occupancy vehicles.
They are used to provide express service be-
tween outlying areas and activity centers or
for short bypasses at major freeway bottle-
necks. In most cases, the separated road-

ways are located in the median of an existing
freeway with some type of barrier to provide
aphysical separation from the main freeway
lanes. The advantages of this technique are
that priority vehicles can operate safely at
high speeds, efficiency of the existing free-
way is not reduced, and enforcement of pri-
ority control is more manageable. Some dis-
advantages are high capital costs and lack of
use during off-peak periods. However, se-
parated facilities have the potential for de-
livering long-term benefits, and this often is
justification for the high initial capital costs.

Reserved freeway lanes have two config-
urations: Concurrent-flow lanes for priority
vehicles moving in the same direction as the
mainstream of traffic on the same side of the
median; contraflow lanes on the opposite
side of the median where priority traffic is
against the flow of traffic.

Use of contraflow lanes seems to be pre-

ferred. In this technique, an off-peak-direc-
tion lane is used for peak-direction traffic;
removable barriers normally delineate the
lane, and access is limited to specific slip
ramps or cross-over points at the beginning
point of the system. There may or may not
be a buffer lane to separate traffic on the
contraflow facility from opposing freeway
traffic. Implementation of this technique
usually relies on highly directional peak-per-
iod traffic flow with sufficient excess capa-
city in the off-peak direction. Many of the
facilities in operation today are reserved ex-
clusively for buses, but some also permit
carpools. Advantages of contraflow lanes
are that the capacity in the peak direction is
increased and the improvement can be im-
plemented in a relatively short time at rela-
tively low cost. The disadvantages are high
operating costs, potential for serious head-
on collisions (although the safety record has

A Priority lanes provide preferential access to buses, carpools, and other priority
vehicles. (Minnesota Department of Transportation.)

A Separated limited access roadways are constructed for the exclusive use of high-

occupancy vehicles. (Chicago Regional Office - Alan M. Voorhees & Associates.)



A Relatively inexpensive to implement, a concurrent-flow reserved lane gives high-
occupancy vehiclesatraveltime advantage. (FloridaDepartment of Transportation.)

been good), andthe need for handling break-
downs in the reserved lane.

A concurrent-flow reserved lane is a
normal-flow lane with signs and markings
designating that priority vehicles have
exclusive access to the lane. One concept
of this technique is to create a preferential
lane by taking one freeway lane out of
existing service and dedicating it to the use
of high-occupancy vehicles (buses and car-
pools). An alternative concept is to
physically add a lane to the freeway for the
use of high-occupancy vehicles. The
advantages of such a system are that the
high-occupancy vehicles are given a
distinct travel time advantage and that
there are no adverse effects on the other
traffic if the system is properly planned.
The disadvantages are the potential hazards
created by having a high differential in
speed between the priority vehicles and

traffic in the non-reserved lanes along with
the increased weaving required for vehicles
getting to and from the reserved lane. Also,
enforcement is difficult, and the overall
effectiveness is likely to be negated in the
event of an incident.

Table 2 summarizes operational experi-
ence on four concurrent-flow reserved lane
projects. The Santa Monica Freeway project
is the only system where an existing lane was
taken away from mixed flow and assigned to
high-occupancy vehicles. The project oper-
ated for 21 weeks but was finally discontin-
ued amid much controversy. On the positive
side, the number of carpools on the freeway
increased by 65 percent; on the negative
side, freeway accidents rose markedly dur-
ing the project, averaging about 2.5 times
the weekly pre-project average. It was diffi-
cult to enforce the restrictions on access to
these reserved lanes and sideswipe acci-

Alnarelatively short time and at low cost, peak-direction capacity can be increased
by the use of contraflow lanes. (The Port Authority of New York and New Jersey.)

dents were a particular problem. Thus, while
the project succeeded in attracting riders to
carpools and transit, the significant increase
in accidents and the public opposition led to
its discontinuance in August 1976.

The other concurrent-flow reserved lane
projects are similar except that a reserved
lane was designated at the same time a lane
was added to the freeway. The added lane
was provided either by widening or by re-
striping and using a portion of the shoulder.
In most of these projects there was a signifi-
cant increase in carpools but the safety of
operation still remains a concern of the
operating agencies.

Priority access control is another tech-
nique used to improve the level of service
for high-occupancy vehicles. This type of
control, used in conjunction with freeway
ramp metering controls, either gives high-
occupancy vehicles priority access to aramp
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Table 2. Characteristics of Four Concurrent-Flow Reserve Lane Projects
Location Date Length Number Time Hours
of in of of
Project Initiated Miles Users Sevings Operation
Porlland. 33 Buses
Oregon December 3.3wW.B. Peak Period, | 1.2MinW.B. | 6:30-9:30am
Banfield 1975 17EB 183 Carpools 0.5Min E.B. 3:30-6:30 pm
Freeway B Peak Hour
mioar'zé 40 Buses
December 7.5 Peak Period, 7-10 Min 6:30-10:00am
North-South 1975 Miles 334 Carpools 3:00-7:00 pm
Freeway Peak Hour
(1-95)
LosA les,
puici i March 170 Buses
1976 12.5 Miles And 4,592 4MinE.B. 6:30-9:30 am
Santa Monica (Terminated Carpools 6.5 Min W.B. 3:00-7:00 pm
Freeway August, 1976) Daily
Marin County, 96 Buses
California December And 475 . 6:00-9:00 am
Rediiood 1974 e Carpools &9 Biin 4:00-7:00 pm
Highway Peak Hour

bypass lane or designates exclusive ramps
for their use. The concept is that the high-
occupancy vehicles can avoid the delay
caused by the ramp metering and can enter
an uncongested freeway with minimum dis-
ruption. Priority entry can be installed and
operated at relatively moderate cost and can
provide a significant increase in the people-
moving capacity of a freeway, without the
degree of enforcement and accident prob-
lems associated with reserved lanes.

Corridor Control—The objective of corri-
dor control is to obtain an optimum balance
between traffic demand and capacity within

a corridor. This is accomplished through the
coordination of various control and driver
information systems to facilitate the total
movement of traffic on the freeway and ad-
jacent urban arterial streets. The bdsic con-
cept of this type of control is to monitor all
routes in the corridor and divert traffic from
overloaded facilities to those with excess
capacity. Inherent in this type of system is
the requirement for traffic-responsive capa-
bilities and the ability to implement opera-
tional control strategies that will optimize
traffic flow within the corridor. The facilities
needed for a corridor control system include
a detection system to provide real-time in-

formation on how the routes in the corridor
are operating, control center equipmentthat
processes this information using a control
strategy, and a communication system that
presents the decisions of the control system
to the drivers.

Several corridor control projects are cur-
rently under development, with a notable
application in Dallas, Texas. However, since
most are still in the research stage, corridor
control strategies have not advanced to the
point that they can fully take into account
all of the variables of freeway and urban
street control. Freeway corridor and arterial
network models developed for this purpose
have been used on a limited basis to assess
various operational strategies.

Geometric Improvements

Another approach to the management of
recurring freeway problems is improving
freeway capacity at the bottleneck loca-
tions. A basic solution is to add lanes, either
by restriping the pavement and shoulder or
by completely rebuilding the entire cross-
section. The restriping is least costly, but it
requires some sacrifice in design standards.
In most instances, restriping is generally re-
garded as a temporary solution with a com-
mitment to provide improved geometrics at
some later date.

The major disadvantage of either solution
is that provision of additional capacity may
attract more traffic and increase demand
to use the freeway, which results in demand
approaching the new capacity. Therefore,
when geometric capacity improvements are
made, it is often desirable to implement
management techniques at the same time
to ensure that the benefits of the geometric
design can be fully realized.



A major problem sometimes encountered
in implementing geometric design improve-
ments at bottleneck locations is the lack of
downstream capacity to absorb the in-
creased volumes. Any improvement should
be part of a complete system or the
problem could move to another bottleneck
location downstream. For this reason, it is
important that geometric improvements be
planned on a systematic basis. Analysis and
implementation of improvements should
begin with the last bottleneck in the system
and work upstream from that point. This
avoids transferring the congestion problem
to a new location.

Experience in improving freeway capa-
city through the use of geometric improve-
ments has been good. In Los Angeles, four
12-foot lanes and a 10-foot shoulder were
converted into five 11-foot lanes and a
3-foot shoulder; this resulted in an 18 per-
cent capacity increase with no adverse
safety effects. Other projects have reported
similar results, and many agencies are now
adopting this technique as policy.

Management of Travel Demand

A third approach is to reduce peak-period
travel demand by placing greater emphasis
on the use of fewer vehicles andencouraging
off-peak use of the facilities. Techniques
include work rescheduling, ridesharing,
park-and-ride, and transit service improve-
ments.

Vanpooling, a form of ridesharing, is most commonly
used for long trips where public transit is either incon-
venient or non-existent. (San Francisco Regional Of-
fice - Alan M. Voorhees & Associates.) P

Work Rescheduling—The peak concen-
trations of work trips during the commuting
hours are an evident cause of congestion.
Thus, the main thrust of work rescheduling
is an attempt to reduce congestion by
spreading out the peak—i.e., increasing the
total time during which commuting occurs,
decreasing the percentage of commuter
travel during the busiest period.

The two basic alternative forms of work
rescheduling are:

e Staggered hours, in which changes in
fixed schedules of starting and quitting
times are implemented either for all
employees or groups of employees
within an employment location.

* Flexj-time, in which employees are per-
mitted freedom to adjust their own
working hours within certain limits.

Numerous cities have undertaken com-
prehensive variable work-hour programs. Ex-
perience has shown that, when coordinated
with the transit system, work rescheduling

)

has resulted in significant improvements in
transit system operating efficiency, even to
the point of increasing ridership. It has also
been demonstrated that while work resched-
uling strategies are not likely to produce sig-
nificant changes in vehicle-miles of travel
they can produce improvements (3 to 6 per-
cent) in freeway levels of service during peak
periods.

Ridesharing— Increased use of rideshar-
ing has the potential for reducing total
vehicular travel on urban freeways. By in-
creasing vehicle occupancy, ridesharing
reduces the number of vehicles used for
commuting. Carpools are the most popular,
but use of vanpooling and subscription bus
service is increasing.

Ridesharing is most commonly used
where a long trip is involved and public
transit is either inconvenient or non-exist-
ent. It is most effective when both origins
and destinations are concentrated within
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relatively small areas and arrival and depar-
ture times of the participants are similar.
While ridesharing programs can be carried
out as an isolated technique, experience has
shown that they are more effectiveinachiev-
ing widespread participation if they are con-
ducted in conjunction with other programs
such as park-and-ride, priority control, and
parking management.

Ridesharing is particularly applicable to
large business and government organiza-
tions. Many of the more successful programs
have been developed by single, large em-
ployers who are located in relatively isolated
situations and draw their labor force from
residential communities some distance
away. The critical element in attracting rid-
ers seems to hinge on the type of service

YEvevwes
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A (Florida Department of Transportation.)

offered. Users will be attracted to direct,
easily accessible, comfortable service that is
not significantly more expensive than com-
peting modes.

Evaluations of ridesharing programs have
concentrated on the activities of individual
employers rather than on theirimpact on the
overall transportation system. Many em-
ployer programs have resulted in dramatic
increases in ridesharing among their em-
ployees. For example, the Tennessee Valley
Authority in Knoxville has:

® Increased carpool use from 30 percent

to 41 percent of employees

® |ncreased vanpooling from 0 percent to

7 percent of employees
¢ Reduced “drive alone” commuters from
65 percent to 18 percent of employees.

-

Far less attention has been directed to-
ward the areawide potential of ridesharing
programs. However, the results of some of
the most successful comprehensive area-
wide programs have indicated that the esti-
mates of impact of reduced vehicle-miles of
travel are fairly low, especially when com-
pared with the benefits of corridor traffic
control upgrading. Ridesharing programs
benefit from standardized work-hour pat-
terns; thus ridesharing and work scheduling
programs implemented together may create
conflicts and work at cross purposes.

Park-and-Ride Facilities — Provision of
park-and-ride facilities to encourage transit
and ridesharing is another technique used to
increase the efficiency of a freeway corridor.

v e B

A locatedatstrategicpoints with easy access to the freeway, park-and-ride facilities can encourage transit use and
ridesharing participation by serving as convenient collection points. (California Department of Transportation.)



Public transportation can become mare competitive
with the private auto when express transit services are
provided along the freeways. (California Department
of Transportation.) P

Park-and-ride lots located at strategic points
alongafreeway corridor can serve as conven-
ient collection points where users are subse-
quently shuttled to their destination by ex-
press bus or some other form of ridesharing.

Park-and-rideservice is becoming increas-
ingly common in the United States, particu-
larly in urban freeway corridors. Los Angeles
has developed a park-and-ride program that
consists of 16 such facilities along the exten-
sive freeway system. Most of the lots are
shared-use facilities (i.e., drive-in theaters,
shopping centers, etc.). A recent survey
showed that 50 percent of the users of these
park-and-ride facilities shifted from driving
alone to riding the bus. Similar results are
being reported in other major urban areas.

The advantages of park-and-ride facilities
are that they shift the parking from dense
activity centers to outlying areas and, when
coupled with good service that normally
includes other incentives such as priority
measures, they can result in considerable
commuter time savings. This makes park-
and-ride an unusually attractive alternative
to private auto travel.

Transit Service Improvements—Maximiz-
ing the use of bus transit is another techni-
que to achieve more efficient flow along an
urban freeway corridor. Its aim is to make
transit more competitive with the private
auto. Express transit services are provided
along freeways; services are available at
both ends of the commuter route by extend-
ed-area transit service in residential areas

and circulation systems in the high-activity
centers. Complementary measures such as
park-and-ride facilities, reduced fares, and
reserved lanes also provide additional incen-
tives to transit use.

The effectiveness of transit service im-
provements in reducing peak-period conges-
tion on freeways is dependent on the ability
to provide improved traffic flow along the
freeway and, in turn, on the number of peak-
period drivers that can be diverted to the
transit system.

The most recent experience with a
program of this type was the Santa Monica
Freeway Diamond Lane Project. Transit ser-
vice in the corridor improved significantly
with four new express routes that more than
doubled the number of CBD workers living
within walking distance of the service. In
response to both the reserved lane and the
significant increase in transit routes and
service frequency, daily bus ridership in the

corridor more than tripled, increasing from
1,171 riders per day to 3,793 riders per day.
Survey results indicated that 96 percent of
the trips were to and from work; of those
interviewed, 39 percent previously drove
alone in making the trip, 8.5 percent
carpooled, 36 percent rode the bus, and
16.5 percent did not previously make the
trip. It was estimated that at least 700
former drivers switched to riding the bus
following the project’s implementation.

MANAGEMENT OF NON-RECURRING
PROBLEMS

Non-recurring problems are somewhat
more difficulttomanage. Theirlocations and
times are not predictable, and the impact of
their occurrence can be either significant, as
inthe caseof a major lane-blocking incident,
orsomewhatinsignificant, such as adisabled
vehicle on the shoulder. Delay-causing inci-
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dents are a main concern since they are the
most disruptive to traffic flow. Remedial
countermeasures can be effectively used in
these instances.

In the case of the delay-causing incidents
where reduced capacity is encountered, the
major requirement is to eliminate or pre-
vent the cause, manage the demand that is
approaching the incident, and restore the
freeway to its normal service volume as
quickly as possible. Thus, management of
these problems requires a fairly extensive
system of surveillance, services, and infor-
mation.

The surveillance function is required to
detect and evaluate the nature of the prob-
lem and determine the appropriate action to
be taken. The services function provides the
response in terms of incident removal or mo-
torist aid and includes the resources needed
to restore normal conditions. The informa-
tion system provides the motorists informa-
tion that will enable them to select and fol-
low the best course of action (i.e., slow
down, divert, etc.)

Surveillance Concepts

Various surveillance concepts are used for
incident detection. Some systems convey
information concerning the type of response
required to remedy the problem that has
been detected. In most cases, however, the
detection process is an independent func-
tion, and some form of follow-up is required
to ascertain the nature and extent of the inci-
dent and the type of response required. The
most common surveillance concepts are:

Closed circuit television is part of the extensive sys-
tem of surveillance, services, and information needed
to manage non-recurring problems. (Minnesota De-
partment of Transportation.) b

Detector-based surveillance
Closed-circuit television
Aerial surveillance
Motorist call systems
Citizens-band radio

Police and service patrols

Detector-Based Surveillance — Incident
detection by electronic surveillance is real-
time monitoring of traffic data through use
of detectors installed at critical locations
alongthe freeway. When a delay-causing in-
cident occurs, the capacity of the freeway is
reduced at the point of occurrence. If it is re-
duced to some figure less than the existing
demand, the traffic flow upstream of the in-

cident will be affected. If the changes in traf-
fic flow are greater thansome predetermined
value, occurrence of an incident is indicat-
ed. Inthis manner, incidents are detected by
logically evaluating the variations in flow
characteristics.

In the Los Angeles Freeway Surveillance
and Control Project, changes in the percen-
tage of time that a vehicle is presentbetween
adjacent detectors (lane occupancy) are
used to sense congestion and indicate that
an incident has occurred. A computer cal-
culates the difference in occupancy bet-
ween adjacent detector stations (inthis case,
spaced at ¥2-mile intervals). At the end of
each sampling period and when the relative




percent change between the present occu-
pancy and that of the preceding sample for
the downstream detector exceeds a certain
value, an alert is signaled automatically by
the computer. Additional information on
traffic conditions immediately upstream of
the incident is then obtained, and judgment
decisions are made as to what response is
needed.

The main advantage of detector-based
surveillance is that it provides a continuous
network-wide monitoring capability at a rel-
atively low operating cost. It can also be
used for many other tasks such as establish-
ing metering rates for traffic-responsive
ramp metering systems. Its main disadvan-

tage is that the nature of the incident cannot
be readily identified and some follow-up
surveillance is often required to determine
what response is needed.

Closed-Circuit Television — Incident de-
tection by closed-circuit television is per-
formed using operators in a central control
room who monitor traffic conditions at those
locations where cameras were placed. When
an incident occurs, the operator determines
the nature of the incident and the type of re-
sponse likely to be required. In general ap-
plication, closed-circuit television is limited
to those locations where delay-causing inci-
dents are a chronic problem and fast re-

sponse is essential. In this use, the television
normally serves as a follow-up to electronic
surveillance where incidents are detected
automatically and an alarm is used to alert
the operators.

The major advantage of closed-circuit tel-
evision isthat it provides a full view of a sec-
tionof freeway. The major disadvantages are:

® |t is expensive to install and maintain.

However, recent technological devel-
opments may alleviate this problem.
® |tis often difficult and expensive to ob-
tain good monitor pictures under condi-
tions of adverse weather, darkness and
bright sunlight. However, new techno-
logy has resulted in provision of much
better pictures under such conditions.

® Monitoring of the TV screen is a tedious
task. Without an automatic alarm in a
detector-based surveillance system, op-
erators tend to lose interest and conse-
quently fail to notice incidents immedi-
ately.

* Continuous monitoring of TV screens

by qualified operators is expensive.

The value of closed-circuit television is
primarily to confirm and provide informa-
tion about the nature of incidents and other
factors causing congestion in areas of known
high frequency of recurring incidents. It has
shown to be very useful in this regard, and
there is a general concensus that television
surveillance is a necessary element of an ur-
ban freeway surveillance system, especially
if itis used on aselective—notsystemwide —
basis. In many freeway management sys-
tems, television is essential if the surveil-
lance system is to attain credibility with po-

d A prerequisite for effective corridor control is a net-
work-wide continuous monitoring capability. A rela-
tively low cost example is electronic surveillance.
(New Jersey Turnpike Authority.)
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Motorist call boxes were one of the earliest incident
detection systems used on freeways. They are an ef-
fective system for signaling a motorist’s service need.
(Transportation Research Board.)p

lice and others charged with responding to
surveillance alarms.

Aerial Surveillance — This type of sur-
veillance is primarily used by police and
commercial radio stations to get a general
overview of traffic in a particular area or
corridor. Through use of light planes or
helicopters, they observe where the bottle-
necks are occurring and determine whether
they have been caused by incidents. Advi-
sories of this information are then broad-
cast to motorists and assistance is dispatch-
ed to the scene of the incident. Due to the
expense of this type of surveillance, a wide
geographical area usually must be covered;
consequently, there often is considerable
time delay in identification and removal of
incidents.

In general, it has never been conclusively
demonstrated that aerial surveillance is a
cost-effective technique for incident detec-
tion. The equipment and the labor require-
ments of the system are expensive and its
effectiveness is sometimes limited by
weather conditions.

Motorist Call Systems — One of the earli-
est incident detection systems used motor-
ist call boxes or emergency telephones.
Motorists experiencing, or witnessing, an
incident used the nearest call box or
telephone to inform the operating agency
of the nature of the incident. Telephones
are generally preferred because voice com-
munication gives the motorist an opportun-
ity to explain exactly what services are re-
quired. However, the call box with coded

message buttons is less costly than a tele-
phone requiring voice transmission.

The major advantage of a motorist call
system is that it is an efficient system for
signaling a motorist's need for service. A
major disadvantage is the delay associated
with the motorist's determining that an
incident has occurred, determining that the
proper action involves using the call box,
locating the nearest call box, and then pro-
ceeding safely to the call box to inform the
operating agency. This delay can be quite
significant. Another major disadvantage is
the large number of “gone-on-arrival” calls
that are generated (i.e., the motorist reme-
dies his problem through some other means
and when the servicing agency arrives the
disabled vehicle is no longer there).

Citizen-Band Radio — Another way free-
way incidents can be detected is through
use of citizen-band radio. Drivers of vehi-
cles equipped with a CB radio report ob-
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served incidents to a central monitoring
center which in turn transmits the informa-
tion to the appropriate agency for dispatch
of the required assistance. The key elements
of this system are motorists who are know-
ledgeable about the system and are willing
to report the incidents they observe. Be-
cause of this volunteer aspect, the detection
capability of the system is always a function
of the number of motorists on the freeway
who have the necessary CB equipment and
are willing to provide their cooperation.
With the growing number of CB-equipped
vehicles, this type of system has consider-
able potential; it has been working well in
Detroit.

Police and Service Patrols — Various
patrol systems have been used on urban
freeways to provide incident detection. The
most common is the use of police patrols
that circulate in the traffic stream and have
as their primary objective the identification



of incidents, determination of the nature
and extent of the incident, and dispatch of
the type of response needed. The major ad-
vantage of police patrols is that detection
and dispatch of response is one function.
The major disadvantage is the large number
of patrols required to effectively coverafree-
way system and the high costs involved; in
many instances, police involvement is not
necessary.

Another system used to provide incident
detection is the service patrol. This system
involves the use of light-duty service vehi-
cles and, similar to the police patrols, pro-
vides for detection of incidents. It also pro-
vides minor services such as fuel, oil, water,
and minor mechanical repairs. As with the
police patrols, this system is very expensive
because of the large number of patrols re-
quired.

Since surveillance techniques are comple-

mentary, most operational systems utilize
more than one concept to achieve a cost-ef-
fective surveillance and control system.

Incident Servicing

Once an incident is detected, the key to
minimizing non-recurrent congestion is the
speed with which the incident is removed.
The longer the duration of response, the
more severe the resulting congestion and
delay for a given level of demand.
Consequently, an effective incident man-
agement program must include service
facilities which, upon location of an
incident, allow for rapid removal of that in-
cident completely off the freeway and out
of sight of traffic in both directions.

One important consideration is the
operational procedures used by enforce-
ment, operating, and maintenance person-

4 An effective incident management program must
includeservice facilitieswhichallow for rapid removal
of the incident from the freeway. (Florida Department
of Transportation.)

nel in servicing an incident. Experience has
shown that much of the congestion caused
by an incident can be alleviated if opera-
tional procedures provides for the removal
of disabled vehicles to a location off the
freeway as rapidly as possible. Such a pro-
gram involving accident investigation has
been implemented with significant benefits
on a 6-mile section of the Gulf Freeway in
Houston.

Another important consideration in an
incident-management system is the cooper-
ation of the agencies responsible for
providing the needed response. Normally,
more than one department or agency is in-
volved and, because the priorities within
each agency are often different, it is some-
times difficult to achieve full cooperation
of all the parties involved. Matters involv-
ing multiple jurisdictions can also compli-
cate the management process. To over-
come these differences it is sometimes
necessary to create an incident-manage-
ment team composed of representatives of
the major agencies and/or governmental
entities. Responsibility for initiating and
coordinating all incident-management ac-
tivities is given to this team; working
together, they effectively formulate and
implement strategies for response to free-
way incidents.

Three operational incident-management
systems that have been effective are the Chi-
cago Area Emergency Traffic Patrol, the Los
Angeles Area Freeway Surveillance and Con-
trol Project, and the trafficc-management
system for the Holland and Lincoln Tunnels
in New York.
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The Chicago system consists of a special
radio-equipped fleet of trucks continuously
on patrol to promote freeway safety and
maintain good traffic flow. They provide
mobile surveillance of 135 miles of the
Chicago area freeway system, 24 hours a
day, 7 days a week. The patrol vehicles are
equipped and the drivers are trained to
handle almost any emergency incident
likely to occur, including accidents and dis-
abled vehicles. The lllinois DOT Communi-
cations Center, serving as the coordination
unit for the patrol, handles all incoming re-
ports of incidents and directs the nearest
available patrol unit to the scene. The Com-
munications Center maintains direct con-
tact with the Chicago police, the State
police, the Chicago fire department, the Ex-
pressway Surveillance Project, the Chicago
Traffic Engineering Center, the Illinois Toll-
way Commission, and local radio stations
operating traffic aerial surveillance or
traffic hotlines. An important aspect of this
system is the information generated by the
electronic surveillance network operated by
the Expressway Surveillance Project. The
network detects problems that disrupt traf-
fic flow, identifies troubled expressway sec-
tions, and then notifies the Communica-
tions Center. The patrol is then directed to
the problem site to expedite removal of the
flow-reducing incident.

The Los Angeles incident-servicing sys-

tem features an incident-management team
in  which the disciplines of police,
maintenance, and traffic engineering are
represented. A three-man team is stationed
in a control center where it has access to
incident detection information and to the
communications facilities necessary for dis-
patching the services required for rapid
incident removal. The key element of this
system is the freeway electronic surveil-
lance system. Once an incident is detected
by the system, a tow truck and a helicopter
equipped with closed-circuit TV are dis-
patched to the scene to confirm the occur-
rence of the incident and determine its
nature and extent. With this information,
the incident-management team identifies
needs and implements necessary responses.

This system has been effective in that it
has reduced the delay caused by incidents
by more than 50 percent. However, the sys-
tem is expensive and it appears that some
components (such as the helicopter with
the closed-circuit TV) may not be cost-
effective.

The major elements of the incident-
management system in the New York
tunnels include:

® An automatic surveillance and control

system with vehicle detectors, mini-
computers, alarms indicating when and
where a stoppage has occurred, and
changeable-message signs at each tun-

nel entrance to meter traffic (“Pause
Here Then Go”) when necessary to pre-
vent congestion in the tunnels.

¢ Closed-circuit television and monitor

screens at the police desk to enable an
evaluation of the stoppage alarms.

* Two-way radio communication among

all police assigned to tunnel operations.
® Monorail catwalk cars to allow rapid
police movement in the tunnels.

® Rescue tractors capable of coping with

all emergencies and removing obstruc-
tions rapidly.

Intensive surveillance is provided 24
hours a day, 7 days a week. When traffic
flow, measured by the electronic surveil-
lance, deteriorates to a point that it meets
predetermined criteria, a stoppage alarm is
signaled. This alarm continues until the
police acknowledge it or the computer
determines normal traffic flow has re-
sumed. Through use of the closed-circuit
TV, the police determine the probable cause
of the alarm and assure that the necessary
responses are implemented.

A most important element of the system
is its high reliability combined with low
operating cost. The surveillance system
operates unattended, and TV monitoring is
required only when an alarm is sounded.
This system has contributed significantly to
increasing the transportation service pro-
vided by the tunnels.
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4 Surveillance camera. (The Port Authority of New
York and New Jersey.)

Implementation
Considerations

or many highway administrators,

the technology of freeway traffic

management is somewhat of a

mystery. Terms such as incident
control algorithms, multiprogrammed sys-
tems, multiplexing, digital transmission sys-
tems, and other highly specialized technical
terms can be extremely confusing to those
who are not technical specialists in freeway
operations. Well-meaning researchers have
contributed to this confusion by failing to
distinguish clearly between day-to-day op-
erational systems and research facilities
such as the National Proving Ground in
Detroit. Consequently, it iswidely perceived
that a freeway management system entails a
multimillion dollar expenditure with elabo-
rate computer facilities, expensive data col-
lection systems, and a continuing monetary
commitment of unknown magnitude. In
reality, this is not true.

The controls on a freeway are similar to
those used on a standard urban arterial. As
an example, each intersection on a major
urban arterial is signalized only as it be-
comes necessary. The traffic engineer

installs the equipment needed for the con-
trol—detectors, signal displays, and con-
trollers—and then monitors the inter-
section’s operation after the system is work-
ing. Eventually, as more intersections are
signalized, the system may become more
complex with some form of central
monitoring or control. Even then, the re-
quirements are not altered significantly.
Freeway management systems can evolve
in the same way—entrance ramp by en-
trance ramp. Eventually, a series of entrance
ramps can be regulated by some higher
order of control, as in the case of a network
of signalized intersections. However, the
components employed in the control of the
individual entrance ramps are the same
as those needed for control of the entire
freeway. Thus, freeway traffic control can
consist of a very sophisticated system with
centralized traffic-responsive control or
it can be as simple as the installation of
a few pretimed ramp metering controls.
The type of system used will depend on
the problems to be solved and the avail-
able resources.
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One method of detecting the location of non-recur-
ring problems is through a closed-circuit television
system. (Minnesota Department of Transportation.)p

ANALYSIS OF SOLUTIONS

The basic procedures used for identifying
solutions to freeway operational problems
include:

® [stablishing freeway management

goals

® |ocating and evaluating the problem(s)

® Defining alternative solutions

* Selecting the best solution

Establishing Goals

The first step in the analysis of potential
solutions to freeway problems is to
establish goals. Typical goals might include
the following:

® Reduce recurring freeway congestion

* Minimize the effect of non-recurring

problems

®* Maximize safety of operation

® Provide facility users with information

that will aid them in the efficient utili-
zation of freeway facilities

® Provide aid to those who have

encountered problems on the freeway
(i.e., accidents, breakdowns, etc.)

These goals will help define the types of
improvements that should be considered
and lead to a statement of objectives from
which measures of effectiveness can be
derived.

Locating and Evaluating the Problem(s)
The next step in the analysis process is to

define the problem areas. In the case of re-
curring congestion, the methods of locating

bottlenecks are fairly straightforward. They
include:

e Ground observation of traffic condi-
tions by inspection and quantification
using a range of direct and remote sur-
vey techniques

¢ Aerial surveillance of the system

¢ Complaints from the user

This provides for identification of the

major bottlenecks and isolation of locations
at which detailed studies of traffic charac-
teristics should be made.

Once the recurring problems or bottle-

neck locations have been located, the mag-

nitude of the problem must be determined.
This will provide a definition of the detailed
characteristics of the bottlenecks, an esti-
mate of traffic demands, and an estimate of
delay in quantitative terms. Detection of the
location of non-recurring problems is a more
difficult task, and the choice of methods by
which the non-recurring problems are iden-
tified depends on the goals regarding inci-
dent management. If complete and instan-
taneous knowledge of the situation is re-
quired, a very sophisticated system will be
needed (such as an automatic detection sys-
tem or a closed-circuit television system).



On the other hand, if the goal is merely to
provide aid to those who encounter prob-
lems on the freeway, some method of com-
municating with the stranded driver is ade-
quate. The more difficult aspect in dealing
with non-recurring problems, however, is
determining the frequency of their occur-
rence, the reduction in capacity caused by
the various types of incidents, and the effect
that incidents have on the overall accident
rate.

The most common measures of traffic
characteristics used fordeterminingthe mag-
nitude of freeway operational problems are:

e Traffic volume — Traffic volume is
defined as the rate of flow measured at
a point and expressed in terms of
vehicles per unit of time (i.e., vehicles
per hour). Traffic volume is the most
basic traffic parameter but it has one
major disadvantage in that it cannot be
used exclusively for describing opera-
tions since low volumes can indicate
both free-flow conditions and con-
gested operation.

e Speed and travel time — Speed is a
highly descriptive traffic flow variable
and is used not only to locate problem
areas but also to provide input for de-
veloping other measures of traffic flow,
such as density. Travel time, the inverse
equivalent of speed, is used to quantify
the amount of delay experienced in a
system. The difference between the
normal travel time and the congested
travel time is the delay attributable to
bottlenecks in the system.

® Density — Density as a traffic variable
is the number of vehicles within a
section or length of roadway and is
generally expressed in vehicles per
mile. It is a good indicator of system

performance and can also be used to
pinpoint bottleneck locations.

e [ane occupancy — This traffic meas-
urement (expressed as a percentage) is
the percent time that vehicles are
present in a detection zone to the
sampling time. It is a function of the
volume of vehicles and the speed of
vehicles passing through the detection
area. It is considered to be a good
measure of freeway performance.

e (Capacity — Capacity is the maximum
volume that a particular roadway can
accommodate under prevailing road-
way conditions. It is primarily depend-
ent on the physical features of the
roadway and the characteristics of the
vehicles and drivers that make up the
traffic stream.

When collecting freeway operations

data, it is important to know the operating
conditions throughout the peak period.

This is particularly important since the
delay during the peak period is generally
quite variable. It is also important to know
the manner in which congestion builds up.
This buildup forms the basis for estimating
traffic demand, which is an estimate of the
number of vehicles attempting to pass a
point compared to the number that actually
do.

Techniques for collecting traffic charac-
teristic data have been well developed; the
methodology is dependent on the types of
data needed. Table 3 summarizes different
methods of measurement and lists the
measure each method is capable of
determining. Some of the more commonly
used methods are:

e Manual counting — This is perhaps
one of the most commonly used
methods for gathering freeway opera-
tional data to locate problem areas.
Data that can be effectively recorded

Table 3. Methods of Measuring Freeway Traffic Characteristics

Measure
Method Speed Density
Volume Capacity Tr:ve | & Cig::i s | Headways |, cs:{; S Queues
g Occupancy
Time
Manual Counts @ @ ® @
Automatic Detectors ® @ » [ ] [ ® [ ]
Moving Vehicles [ ] & @
Aerial Photography ® ® @ ® & o ® @
Time-Lapse Photography @ ® & ® & ® [ ®
Closed-Circuit TV ® ® @ @ ® [ ®
Input-Output Studies ® L5} i) » & [ ]
Origin-Destination Studies &
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by manual counting include volumes,
vehicle occupancies, headways, capa-
city, and queues. Manual counting is
simple to perform and does not require
sophisticated equipment. Its major
disadvantage is that many man-hours
are required to cover a large system.
Consequently, manual counting can
become very expensive.

® Aytomatic detection — This is another

common technique for collecting
freeway operational data. While por-
table or permanently installed detec-
tors may be used, the most common
are the portable detectors consisting of
a sensor (road tube or tape switch) and
a recorder system. The principal use of

automatic detectors is the measure-
ment of traffic volume, but suitable
adaptation of the detector can be
made to collect other traffic charac-
teristics such as speed, density,
headways, and queues. With auto-
matic detection, data can be collected
efficiently and economically at a large
number of sites and over a long period
of time.

Floating-car speed surveys — This is an
effective method of determining the
magnitude of freeway operational
problems. Vehicles are driven along a
route and the drivers are instructed to
maintain a speed comparable to other
vehicles along the freeway. A record-

ing device records a continuous profile
of each vehicle’s speed along with
distance and location references. From
these data, speed contours can be
developed which indicate locations at
which congestion is occurring, dura-
tion of congestion at any point, and
extent of total freeway congestion at
any point in time.

® Aerial photography — This is an effec-

tive means of obtaining a record of
systemwide freeway traffic operation.
It involves flying over a section of free-
way during periods of congestion and
taking overlapping time-lapse photo-
graphs. Vehicular speeds, headways,
and densities are calculated from
measurement of ground displacement
of vehicles from one photograph to
another. The information can then be
plotted in the form of density
contours to indicate the source, dura-
tion, and extent of congestion along the
freeway section.

Other techniques that are useful for
obtaining freeway traffic operational data
include: time-lapse photography or closed-
circuit television for studies limited to a
small geographical area such as a freeway
ramp or a critical bottleneck area;
origin-destination surveys to obtain the
travel patterns of vehicles using a section of
a freeway; input-output studies to obtain a
more definitive description of traffic flow
within a section of freeway; and accident
studies either at spot locations or along a
section of freeway to establish performance
measures.
dFactual studies (surveys) provide data on origin,
destination, and traffic characteristics needed to de-

termine the magnitude of freeway operational prob-
lems. (Mark Herndon for Alan M. Voorhees & Asso.)



Defining Alternative Solutions

Once a detailed definition of the problem
or problems to be solved is determined, the
next logical steps are to establish specific
objectives for the traffic control system and
select specific actions that will achieve the
stated objectives. Since each possible action
will have a different impact on traffic per-
formance, it is necessary to identify a
combination of actions that when imple-
mented as a group will make up a total
system. For example, one freeway
management project (the [-35W project in
Minneapolis) established the following
objectives for their system:

® Improve the freeway corridor level of

service

® |[ncrease the transit modal split in the

corridor

® Improve the reliability of the freeway

operation

® |mprove the transit system perform-
ance in the corridor

A Improving transit system performance is one of the many actions which can be
taken to improve the level of service in a corridor. This system, pictured above, is

® Obtain user acceptance of the freeway
control system
e Obtain a positive
impact
* Implement the freeway management
system in a cost-effective manner
To accomplish these objectives, a system
of five functional elements was imple-
mented, including:
* A real-time freeway surveillance, com-
mand, and control system
* A freeway ramp metering system
® Extensive express bus service in the
corridor
® Priority access to the freeway via
express or priority ramps
® Provision of certain amenities (such as
park-ride facilities, bus shelters, signs)
in the corridor

environmental

Warrants/Guidelines — Guidance for the
selection of alternative systems can be
obtained from the past experience with
freeway management and control systems.

g e
N
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part of a combination rail/bus transit system in the Washington, D.C. Metropolitan
area. (Mark Herndon for Alan M. Voorhees & Associates.)

Sufficient information is not available to
permit development of all-inclusive numer-
ical warrants applicable to a wide range of
conditions. Some general guidelines for
various control techniques follow.

Ramp metering should be used at those
locations where control of entering traffic is
needed to allow the freeway to operate at a
high level of service. Installation of ramp
metering may be warranted when the
following conditions are satisfied:

* The expected delay to freeway traffic
exceeds the expected delay to poten-
tial ramp users.

® There is adequate storage space for the
ramp vehicles that will be delayed.

® There are suitable alternate surface
routes available to accommodate the
traffic that may be diverted from the
freeway.

e The total volume of traffic on the right-
hand lane of the freeway mainline and
the entrance ramp does not exceed ap-

proximately 1,800 vehicles per hour.

P f Wz
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® There is recurring congestion on the
freeway due to traffic demand in
excess of capacity or there is recurring
congestion or a severe accident hazard
at the freeway entrance ramp due to
inadequate design at the ramp merging
area.

Ramp metering may also be warranted to
reduce sporadic congestion on isolated
sections of the freeway caused by peak-
traffic loads from special events or from
severe peak loads due to recreational
traffic.

Ramp closure may be justified alone or in
conjunction with ramp metering when:

® There is a heavy entrance ramp move-
ment that cannot be adequately stored
behind the ramp signals during some
portion of the ramp control operations.

® The mainline bottleneck condition is
such that ramp metering at the
minimum practical rate ( =~ 180 to 200
vph) is too high.

* A combination of mainline traffic
volumes together with an inadequate
entrance ramp design makes it difficult
for the on-ramp traffic to enter safely
during a portion or all of the peak
period.

® Entrance ramp volumes induce con-
siderable lane changing and weave
problems that significantly impair the
capacity of the freeway.

Ramp closure can be used for a short per-
iod in conjuction with ramp metering or it
can be used alone for the entire peak period.

Merge control is warranted at those

Ramp metering is an effective means of control at lo-
cations where the control of entering traffic is needed
to enable the freeway ta maintain a high level of ser-
vice. (Texas Transportation Institute.) P

ramps where turbulence is generated by
vehicles entering the main stream of traffic.
Factors to be considered with merge control
include:

® Merge control operates effectively
with ramp volumes of less than
approximately 500 vph. Above this
volume, the platooning on the ramps
becomes excessive and some form of
ramp metering is generally required.

®* Merge control is most effective at the
lower ramp volumes in the range of 200
to 300 vph.

* When merge control is used, the
volume on the freeway lane adjacent
to the ramp should not exceed a value
such that the volume in this lane plus
the ramp volume exceeds 1,800
vehicles per hour.

* Merge control is generally more
applicable at those locations where the
length of the acceleration lanes is 300
feet or less. With longer acceleration
lanes, ramp metering is generally the
preferred control.

Thus, the analysis of solutions for
freeway management problems follows a
very logical approach—problem definition,
establishment of objectives, and selection
of system components to achieve the
objectives.

Benefits and Costs of Alternative Solutions

Itis likely that a number of solutions might
result from consideration of the available
alternatives. The selection of the solution
that is best suited for a given operational

-




Though freeway management projects bring varied
results in differing situations, priority lanes for buses
and high-occupancy vehicles have continually been
the most cost-effective. (California Department of
Transportation.) b

problem requires further analysis to develop
an understanding of the benefits and costs
associated with each alternative.

Benefits — The benefits achieved
through freeway controls have been
analyzed in many freeway management
projects. Because of the variations in the
magnitude of the problems encountered
and cost of the controls that were
implemented, the results vary considerably.
This is understandable because a freeway
that experiences extended congestion (i.e.,
two hours or more) would derive con-
siderably more benefits than one congested
for a shorter time. However, the costs of the
controls could be the same. Similarly, the
benefits for certain types of control systems
(i.e., pretimed ramp control versus traffic-
responsive traffic control) may be compar-
able but the costs of one may be much less
than for another. Therefore, to compare
benefits for different control system designs
and for different locations can oftentimes be
misleading.

Studies of benefits on the major freeway
management projects have shown that
efficiency of the freeways is improved,
average speeds are increased, accident
rates are reduced, and total travel times in
the freeway system are reduced.

® |n Dallas, it was estimated that the

benefits of a freeway control system on
the North Central Expressway for a
two-hour p.m. peak period were a
decrease of 477 vehicle-hours of delay
(a 30 percent decrease in travel time),

an increase of 23 percent in average
speeds, and an 18 percent decrease in
accidents.

In Chicago, an analysis of operations
covering a 4-year period demonstrated
a significant change in the congestion
patterns, reducing delays 19 to 29
percent. The four years of experience
with the ramp metering system also
indicated a 35 percent reduction in
accidents related to freeway entrance
ramps.

In Minneapolis, the [1-35W corridor
control project significantly improved
the general level of service for traf-
fic in the corridor. Peak-period average
speeds were increased from 44 mph
to 50 mph northbound in the a.m.
and from 36 mph to 46 mph south-
bound in the p.m. It is estimated
that the control system is resulting
in a daily peak-period savings of ap-
proximately 1,400 passenger-hours.
In addition, safety was improved with

a 58 percent reduction in a.m. peak-
period accidents and an 18 percent
reduction in p.m. peak-period acci-
dents.

* |In New York, the Northern Long Island
Corridor feasibility study estimated
that the recommended system would
result in annual benefits comprising
2,850,000 hours of vehicle delay
savings, 2,736,000 gallons of fuel
savings, 6,000,000 pounds reduction in
pollutants, and 200 fewer accidents.

® |In Houston, a ramp metering system
on a six-mile section of the Gulf
Freeway provided an increase of
average speed during the peak a.m.
period from 20 mph to 33 mph, a 27
percent reduction in accidents, and a
25 percent decrease in total travel
time.

Thus, numerous examples of improved
traffic flow and/or accident reduction have
resulted from freeway management proj-
ects. However, when it comes to relating
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overall improvements to overall costs, there
are complexities which make precise
answers difficult, if not impossible. When
comparing benefits and costs, it should be
remembered that the benefits are not
always instantaneous. Often, the payoff
may be years ahead so that it is difficult to
relate the benefits to costs at the time of
improvement. Also, many of the improve-
ment benefits may be hidden in the sense
that they correct problems before they
become apparent to anyone.

Costs — A major problem the highway
administrator faces in operating a freeway
system is that of allocating a limited budget
among the many competing needs. With
the recent inflationary trends, coupled with
a corresponding drop in revenues, he must
strive to achieve an operating system that
will provide the greatest benefits at mini-
mum cost. For this reason, the capital and

operating costs of freeway management

systems are sensitive issues in most
operating agencies.

As with the case of benefits, generaliza-
tions of costs for freeway management
systems are extremely difficult to develop.
This is due primarily to the variabilities
related to planning, construction, imple-
mentation, and operation of systems in
widely scattered locations. For example, in
some systems the basic planning and
system justification is highly formalized
and the design and implementation are let
to bid to private contractors as a complete
system. Under these arrangements, costs
are well documented. In other instances, a
staging process is used whereby the system
is developed by in-house staff, over an
extended period of time. In this process,
costs are more difficult to define. The varia-
bility in labor and installation costs as well
as the variability in salaries of professional,

4 A freeway entrance ramp exclusively for buses and
carpools. This type of management technique re-
duces total person delay in the system and helps in-
crease corridor efficiency. (Minnesota Department of
Transportation.)

administrative, and technical support staff
are also factors that tend to obscure the
costs of various elements of freeway
management systems. There are, however,
some general figures that have been
developed for certain system costs. They
are:
® Ramp control systems — The simplest
form of ramp control is pretimed ramp
metering. The equipment consists of a
traffic signal, local controller, and the
ancillary facilities such as signs and
pavement markings. The most basic
configuration costs approximately
$2,500 per ramp.

The other type of ramp control
system is the locally actuated traffic-
responsive system. This is somewhat
more sophisticated than the pretimed
control as it normally uses a micro-
processor-based controller with input
from both mainline and ramp detec-
tors. The costs are approximately $5,500
per ramp, or about double those of the
pretimed system. The increased costs
are mainly due to the cost of the micro-
processor controller.

The centralized interconnected ramp
control system represents the highest
degree of sophistication in ramp con-
trol. It offers the full flexibility of nor-
mal control as well as incident-related
control. Because there are wide varia-
tions in the configuration of centrally
based control systems and because the
number of ramps has an important bear-
ing on total costs per ramp (i.e., com-



puter control costs do not go up propor-
tionally with the number of ramps add-
ed to the system) it is difficult to de-
velop a specific per-ramp cost for this
type of system. However, some repre-
sentative costs for a large-scale system
capable of controlling up to 50 ramps
are $150,000 for the central control sys-
tem and approximately $5,500 for the
items required at each ramp.

The annualized capital costs for
ramp control systems range from about
$350 per ramp for a pretimed system to
about $4,000 per ramp for a centrally
controlled interconnected system.
Busways — Costs for busways range
from $1 million to $5 million per mile
and are generally governed by con-
struction type and level of service
desired. Busways using existing rights-
of-way generally fall in the $1 million-
per-mile range, whereas busways re-
quiring elevated construction or addi-

tional right-of-way average $3 to $5 mil-
lion per mile.

Reserved lanes — The costs of imple-
menting reserved lanes are generally
minimal, but the maintenance and
operational costs tend to be signifi-
cant. Cost for the 2.5-mile reversible-
lane operation on [1-495 in the Lincoln
Tunnel (New York) was approximately
$700,000, of which $134,000 was for
construction and the balance for traffic
controls. Annual maintenance and
operational costs are approximately
$200,000, or $80,000 per mile. Costs for
implementing the 2.0-mile Long Island
Expressway contraflow bus lane were
$25,000 per mile and the annual
maintenance and operational costs are
about $75,000 per mile. Costs for imple-
menting the bus and carpool bypass
lanes on the San Francisco-Oakland Bay
Bridge were approximately $60,000 per
mile and the maintenance and opera-

tional costs are approximately $150,000
per mile, annually.

e [ncident management — The costs of
incident management systems are also
quite variable depending on the spe-
cific requirements of the system, the
type of system used, geographical
locale, and procedures used. The
emergency traffic patrol in Chicago,
which covers 192 miles of the
Chicago area freeway system, has an
annual cost of approximately $1.5
million or approximately $7,800 per
mile. Freeway courtesy patrols in
Houston, which provide emergency ve-
hicle service on 64 miles of freeways,
have an annual cost of approximately
$230,000, or $3,600 per mile.

Experience has shown that the annual

maintenance and operating costs of
freeway management systems are also quite
variable, depending on the size of the
system under control. In Chicago, the
annual operating expenditures for the
overall freeway surveillance and control
systems average approximately 15 percent
of the capital investment costs. In Minnea-
polis, the total system operating costs are
$235,000 annually, or about 14 percent of
the capital investment costs. Similar costs
are being experienced in Los Angeles, and it
has been projected that the total annual
maintenance and operation costs for the
Integrated Motorist Information System
(IMIS) in the Northern Long Island Corridor
will be approximately 5 to 6 percent of the
estimated capital costs. All of these costs
(the implementation as well as the annual

< Variable-message signs can be used to warn motor-
ists of ongoing maintenance, repair, and/or construc-
tion work ahead. (Minnesota Department of Trans-
portation.)
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maintenance and operating costs) must be
viewed with some degree of caution
inasmuch as they do not take into con-
sideration the impact of continuing
inflation.

HARDWARE AND EQUIPMENT NEEDS

In implementing freeway management
control systems, decisions must be made
with regard to the type of hardware needed.
For the simpler systems (i.e., isolated ramp
controls) the hardware components are
generally limited to the equipment needed
for the control of traffic at a specific
location. However, for systemwide surveil-
lance and control systems, the hardware
components generally consist of detectors,
information and control displays in the
field, communications links to and from a
control center, and computer and display
equipment in the control center.

Detection

All freeway control systems require some
form of data base. These data may be ac-
quired either manually or through automatic
detection. The most common means is the
use of automatic detection, which senses
individual vehicles in the system. These de-
tectors have been used for freeways— ultra-
sonic, magnetometer, and inductive loop.
Of these, the inductive loop detector is con-
sidered the best type currently available for
freeway control applications.

4 This detector is an example of those used for sim-
pler control techniques, such as isolated ramp con-
trol. (Alan M. Voorhees & Associates.)

The inductive loop detector helps gather information,
from which a data base is formed, for freeway control
applications. (Alan M. Voorhees & Associates.) P

The inductive loop detector operates with
loops of wire imbedded in the pavement. As
a vehicle passes over the loops, a phase
change is induced in the electrical current.
When the circuitry senses these changes, it
determines that a vehicle is present. This
information is then transmitted to a compu-
ter for further processing.

Loops can be installed singly or in pairs.
Single loops are used to indicate the
presence or absence of a vehicle and as
such can provide an indication of traffic
congestion. This is accomplished by
measuring the proportion of time that
vehicles are over a loop—a measurement
referred to as occupancy. This measure-
ment is used to determine when and where
there has been a slowdown in traffic. When
pairs of loops are used, speeds can be
measured by the time it takes a vehicle to
travel from one loop to the next.
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Ramp Metering Equipment

As a result of years of field experience,
standards have been developed relative to
the installation and use of hardware for
ramp metering equipment.

Standard traffic control signals are used to
control the flow of traffic entering the free-
way. For the signal heads, the National Ad-
visory Committee on Uniform Traffic Con-
trol Devices has established specific stand-
ards. They are:

® The standard display for freeway
entrance ramp control signals shall be
either a two-indication signal face
containing red and green lenses or a
standard three-indication signal face
containing red, vyellow, and green
lenses.

® There shall be a minimum of two signal
faces per ramp facing entering traffic.

® On entrance ramps having more than
one lane there shall be a signal face
mounted on the left side and on the
right side.

® The required signal faces should be
mounted such that the height to the
bottom of the housing of the lowest
signal face is a minimum of 4.5 ft. and
a maximum of 6.0 ft.

® The height of any supplemental signal
faces should be consistent with sound
design principles and engineering
judgment.

* All ramp control signals shall utilize
vertically aligned lenses with a mini-
mum nominal diameter of 8 inches.

Ramp metering signs are used to warn the
driver that a ramp is under control and to
give instructions as to what action to take.
Advance-warning signs alert approaching
traffic to the presence of a signal on the

ramp and generally are placed to the right
of the ramp a sufficient distance in advance
of the signal to allow for adequate evalua-
tion and reaction time (at least 200 feet). For
increased visibility, an advance-warning
sign with flashing amber beacons and bear-
ing the legend RAMP METERED WHEN
FLASHING is normally used.

Signs are also used at the signal to define
the actions that the driver is to take. In most
systems it is standard practice to mount on
the same pedestal as the signal head a sign
bearing the legend STOP HERE ON RED or
WAIT HERE FOR GREEN. Supplementary

5

signs are sometimes used at the signal to in-
dicate the number of cars to be metered dur-
ing the green interval.

Pavement markings are used to augment
the signs and channel the vehicles into the
proper lane to facilitate their control. They
normally consist of a stop line and other
pavement markings needed to reduce a
dual-lane ramp to a single-lane width or to
delineate a separate priority access lane for
high-occupancy vehicles (carpools, buses,
etc.).

Three basic types of controllers can be
used for ramp metering control— pretimed
controllers, centrally located controllers,
and locally actuated controllers. The
pretimed controller is the simplest of the
three and with most installations consists of
a one- to three-dial controller operated by a
time clock. The metering rates are
pre-programmed based on historical traffic
data. Although this is the lowest cost
system, the limitation of not being able to
be responsive to changing flow conditions
is a major disadvantage.

The centrally located controller is a sys-
tem whereby the controller functions are
incorporated within a central computer and
the need for controller hardware at the ramp
site is virtually eliminated. Timing and con-
trol operations are provided by relays with
instructions to the computer performed by
software or by manual inputs. This type of
system offers considerable flexibility in that
almost limitless timing intervals can be
stored in the computer memory and changes
in performance can be easily achieved. One

dHardware for ramp metering equipment includes
the use of hoth traffic control signals and ramp meter-
ing signs. (Arizona Department of Transportation.)
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disadvantage of this type of controller is the
requirement for a fairly elaborate commu-
nication system between the field and the

central control center. Another disad-
vantage is the loss of system operation in
case of computer failure. This problem,
however, can be overcome by use of a
backup pretimed controller that is used in
the event of computer failure.

The locally actuated controllers are
basically small computers located in the
field. They operate in a stand-alone fashion
by selecting metering rates based on
real-time information gathered from ramp
and mainline detectors. They offer a great
deal of flexibility in that they can perform
all the local control functions and can serve
as the basis for building a systemwide
centrally controlled system.

Communication

All freeway traffic control systems require
some form of data transmission system. The
type of system used generally depends on
the type of control used and the type of
information to be transmitted. With local
control, simple direct wire connections are
usually used because the distances between
the detectors, controllers, and displays are
small. With central control, the distances
over which the data must be transmitted are
generally large and different means of data
transmissions must be considered.

There are basically two types of carriers
that can be used in long-distance data trans-
mission—wire-cable and radio. Radio and
some forms of microwave systems have
been experimented with in recent years but

« The control center is the focal point for all com-
munications and control in a large-scale freeway
management system. (Minnesota Department of
Transportation.)

for a number of reasons it has been found
that these types of carriers are not particular-
ly applicable to extensive freeway control
systems. Some form of wire interconnection
(i.e., conventional interconnect cable,
twisted-pair cable, or coaxial cable) has
been found to be most feasible.

Cable facilities for freeway control sys-
tems are either leased from the telephone
company or owned by the operating agency.
The major factors considered in a tradeoff
analysis between these two alternatives are
cost, reliability, and ease of incremental sys-
tems expansion. Maintenance capability
and special conditions of utility franchises
are also considerations. The owned-cable
system has a higher reliability but the leased-
wire system in most instances is less expen-
sive and can be expanded more easily.

Control Center Equipment

The control center is the focal point for
all communications and control in a
large-scale freeway management control
system. At the control center, information
concerning traffic is received, analyzed,
and evaluated, and decisions are made
regarding the type of control to be used.
The equipment normally found in a control
center consists of the computer and its
related peripheral equipment, communica-
tion console(s), display components, and

‘equipment for dispatching emergency and

maintenance vehicles to the problem
locations.
The computer is the nucleus of most

centralized freeway management control



systems. It normally:

e Performs various functions according

to a pre-established priority order

e Gathers information, calculating pa-

rameters, making decisions, and out-
putting control commands

e (QOperates in real-time so that events, as

they occur, initiate pre-established pri-
ority-level programs

® QOperates automatically on a continuing

basis

® Records system performance and out-

puts the performance in printed form
for permanentrecords, as well as in dis-
play form to allow operator interaction
with the system

e Controls various kinds of systems, in-

cluding signing and television subsys-
tems, by turning on, turning off, or se-
lecting equipment, based on previously
programmed control and decision logic

e Performs technical analysis when the

control system is in off-line mode.

A wide variety of computers is available
for use in freeway management control sys-
tems. However, becausethebasic trend is to-
ward greater use of dynamic measurements
and more flexibility in system design, the
majority of computers used for freeway con-
trol are general-purpose digital computers.

The peripheral equipment used in free-
way control systems also includes inter-
active peripherals and storage devices. The
interactive peripherals are those devices
that enable the operator to interact with
either the computer or the system. They
provide a means of obtaining information
as well as inputting commands or altering

Although a wide variety of computers is available for
use in freeway management control systems, the ma-
jority of them are general purpase digital computers.
(The Port Authority of New York and New Jersey.) b

performance. They generally include a tele-
type, a cathode-ray tube display terminal
and a display map. The teletype and the
cathode-ray tube are the primary devices
for communication between the computer
and the operator; the display map is used pri-
marily to provide a visual indication of how
the system isworking. The display map is of-
ten a scaled replica of the freeway control
system with colored lights used to show the
degree of congestion on the freeway. It is a
valuable tool for the operator as it enables
him to visualize congested sections and as-
sists in the identification of incidents.
Because of the graphic nature of its
display, the map also offers a public rela-
tions value in dealing with local officials.
The storage devices are magnetic record-
ing devices (tapes or disks) used for storing
large quantities of data on system opera-
tions. They are also used for storing

programs that are external to the computer
but can be called on as needed. Disks are
the most flexible for use in freeway control
systems and they are becoming an increas-
ingly common peripheral.

STAFFING NEEDS

Staffing requirements for a freeway man-
agement control system will vary with the
size and complexity of the system. Some
small systems (e.g., a 4- or 5-ramp metering
system) require only the skills of an experi-
enced traffic operations engineer. These
skills include a knowledge of freeway traffic
flow concepts, performance evaluation and
the ability to monitor the system’s opera-
tion and make the modifications necessary
to enhance performance of the system. In
this mode of operation, the traffic opera-
tions engineer is responsible for the opera-
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tion and maintenance of the system with
part-time support from electronic techni-
cians, maintenance staff, and data analysts.

In the larger systems, the tasks or func-
tions that need to be performed tend to be
much broader in scope and, therefore, a
team of individuals is usually required.
Typical functions for these larger systems
and the types of skills that match these
functions are shown in Table 4. Normally,
one individual might possess two or more
skills and can fill several functions in this
matrix. For example, the traffic operations
engineer could, and normally does, serve in
the dual role of administrator and traffic
analyst. He also assumes the responsibility
for developing public relations and citizens
information programs based on the opera-
tion and performance results of the control
system.

In assessing staffing requirements it is
most important to define clearly the tasks
to be performed and the skills needed to
perform these tasks. It is equally important
to translate these needs into personnel
equivalents, taking into consideration over-
lapping skills, cross utilization of person-
nel, and budgetary constraints.

From an organizational point of view,
staffing for a freeway management control
system needs to be integrated into a func-
tional group with full responsibility for both
operation and maintenance. This assures a
unified effort in operating, maintaining,
and updating the system and provides the
opportunity for developing a skilled staff

Thisspecially designed tow truck, which is owned and
operated by a police agency, is an example of inter-
agency cooperation working within a freeway man-
agement system. (The Port Authority of New York and
New Jersey.) P

that can be more responsive to the require-
ments and needs of the system.

SUPPORTING NEEDS

An element of considerable importance in
implementing a freeway management sys-
tem is the development of good interagency
cooperation. No single agency is capable of
handling every aspect of freeway traffic
management. The disciplines most involved
in freeway management are:

® Public relations, with news media pri-

marily responsible for informing the
public aboutreal-time traffic conditions

e Law enforcement, with primary res-

ponsibilities for safety of the public

® Traffic engineering, with primary res-

ponsibilities for maintaining efficient
traffic flows

* Maintenance operations, with primary

responsibilities for roadway repairs, in-
cident removal and general overall up-

keep of the roadway facilities

e Transit operations, with primary re-
sponsibilities for providing public trans-
portation services

There is considerable overlap or interrela-
tionship between these diciplines, and it is
essential that the agencies involoved under-
standand appreciatethe overlappingrespon-
sibilities involved and work harmoniously so
that each agency can better fulfill its role.

Although traffic, enforcement, mainten-
ance and transit are the primary disciplines
involved in freeway management, there are
other disciplines that also contribute to in-
creasing system efficiency. Included are
agencies such as fire departments, ambu-
lance services, utility companies, automo-
bile clubs, and towing service companies.
These agencies are generally only called
upon to handle special problems, but their
importance cannot be overlooked. Devel-
opment of a good working relationship with
each of them during the planning stages
will greatly enhance the cooperation
needed to ensure better overall system
operation.

Public acceptance and citizen support
are also critical elements in freeway man-
agement programs. The responsibility for
achieving this support must be shared by
the participating agencies, elected officials
and the media. To enable these groups to
fulfill their responsibilities, the public must
be continually apprised of project develop-
ment through informational press releases,
project newsletters, and other forms of com-
munication. There also must be a process
whereby public input can be accomplished
through public hearings, citizen commit-
tees, forums, and the like. The publicatlarge
needs to know the projects to be introduced,
the reason for the projects, and the expected
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benefits. At a different level, the motorist
who uses the corridor needs to know what
changes are taking place and how these
changes may affect his daily travel patterns.
Failure to recognizethe importance of public
involvement can often lead to complete re-
jection of a freeway management program.

FUNDING SOURCES

With the increasing costs of operating and
maintaining transportation systems, the
highway administrator is constantly chal-
lenged with the development of funding
sources that will meet the needs of the vari-
ous programs within his system. Because
freeway management and control systems
normally involve fairly extensive capital im-

provement expenditures as well as a long-
term commitment for operations, and be-
cause there are numerous competing pro-
grams, funding of freeway management con-
trol projects is always an issue. It is therefore
important in the planning of a system that
the full range of funding sources be carefully
examined.

The most common funding sources for
freeway management control projects are
the Federal Highway Administration (FHWA)
programs authorized by the Federal-Aid
Highway Act. Funds under these programs
are available for operational improvements
as well as capital improvements on all free-
ways on the Federal-Aid highway system.
Typically, a local or state agency initiates
the projects and they are then submitted

through the state agency to the Federal High-
way Administration for review and approval.
Once approval is obtained, the funds are ap-
portioned to the state highway or transporta-
tion agency, which maintains administrative
responsibility and control. Funds underthese
programs are typically on a 90-10 or 70-30
matching basis, with joint funding from both
FHWA and the local and/or state agency.

The assistance that can qualify under
these programs includes:

® Preliminary engineering, and system

design

® Preparation of software and program-

ming of systems operation

¢ Hardware acquisition and installation

® Housing for control and monitoring

equipment

e Construction of priority vehicle facili-

ties

e System evaluation

Special activities, such as those that en-
courage carpooling, vanpooling, rideshar-
ing, and greater use of buses, are also eligi-
ble.

Other sources of funding for freeway
management control projects are the
various categorical funding programs of the
U.S. Department of Transportation and
special multi-agency funding programs. For
example, the 1-35W Freeway Surveillance
and Control Project in Minneapolis was
funded at the 100 percent level with funds
from the Urban Corridor Demonstration
Program (UCDP). It is also possible to fund
certain study elements of a freeway man-
agement control system under FHWA's Fed-
erally coordinated program of research and
development. However, the physical de-
sign, construction, operation, and mainten-
ance of a system are not eligible under this
program.
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4 /-495 Beltway around Washington, D.C. (Mark
Herndon for Alan M. Voorhees & Assaciates.)

System

Operations

nce a freeway management con-

trol system has been installed, it

cannot be left to operate on its

own— operation, evaluationand
maintenance functions must be provided on
a continuing basis. These functions include
system monitoring, performance evalua-
tion and system maintenance.

SYSTEM MONITORING

In monitoring a system, three levels are
normally required. The first level is at the
policy level and involves those who have
various degrees of administrative responsi-
bility (i.e., traffic commissioner, state
highway agency director, police chief,
etc.). At this level, freeway management
projects are evaluated on the basis of their
overall impact on the public, their rela-
tionship to other projects in the region, and
their long-range effect on the region’s total
transportation and traffic needs. Day-to-
day operational problems are of little
concern, except for special events that may
require high-level attention. The informa-
tion input for this level of monitoring is
usually in the form of summary reports from

the freeway project staff; control is in the
form of policy directives.

The second level of monitoring is at the
engineering/technical level and involves
those responsible for development and
maintenance of operating procedures, traf-
fic flow analyses, and performance evalua-
tions. The primary objective at this level is
to be responsive to changing traffic needs
and to upgrade the system in response to
those needs or because of technological
advances that will permit a given function
to be performed more efficiently. Input is
obtained from operating reports, traffic sur-
veillance statistics, traffic surveys, public
relations, communications with other agen-
cies, and special research and operational
studies; control at this level is accomplished
through exercise of adjustments in system
parameters, control strategies, and oper-
ating procedures. This level of monitoring is
mostly concerned with the evolutionary as-
pect of traffic control strategies and does
not get involved with the day-to-day opera-
tion of the system except when unusual
events occur that require substantial modi-
fications to the system.

The third level of monitoring involves the
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day-to-day operation of the system. An op-
erator maintains a constant surveillance not
only of the operating conditions on the free-
way but also of the operating performance
of the equipment. Information is obtained
through computerized surveillance, tele-
vision surveillance, police reports, private
citizens, repair and maintenance notices,
and computer alarms; control consists of
some form of override or intervention based
on operating procedures developed by the
engineering/technical staff—i.e., the re-
sponse to an alarm condition to ensure that
proper action is taken or the implementa-
tion of an emergency strategy in response
to a need to exercise more control.

PERFORMANCE EVALUATION

The primary objective of most freeway
management control systems is to increase
the safety and level of service of the
facilities within a freeway corridor. In most

cases, justification for such systems is made
on the basis of some forecast of the benefits
that may result. It is therefore necessary to
determine the effectiveness of the system
and to ascertain whether the expected
results have been attained. Such an evalu-
ation is also useful in identifying ways to
increase the benefits further or to justify ex-
pansion or upgrading of the system.

Evaluation Criteria

Performance evaluation of a freeway
management control system is not only
desirable from the viewpoint of knowing
how well the system is performing, but is
also a requirement for those projects
implemented with Federal funding assist-
ance. The Federal Aid Highway Program
Manual requires that all traffic control
systems installed with Federal-aid funds be
evaluated “at the earliest possible date that
will accurately reflect stable operating

o Day-to-day monitoring of a freeway management
system involves constant surveillance of both oper-
ating conditions on the freeway and operating per-
formance of the equipment. (City of Boston.)

conditions.” These requirements include
the following considerations:

¢ The evaluation should measure the

effects of the system on safety and
traffic flow quality.

® |t must be an evaluation that directly

compares the operation of the new
system with the operation of the
original system.

® Typical measures to be used in the

evaluation include volumes, acci-
dents, accident rates, travel speeds,
travel time, delay, density, etc.

In general, four basic measures of
effectiveness can be used in evaluating the
performance of a freeway management
control system. These are:

® Changes in congestion levels reflected

through traffic measures such as
volumes, total travel time, total travel
speed, and duration of congestion.

® Changes in system costs, both to the

user and to the system operator.

® Changes in safety, using factors such as

decreased accidents or decreased
accident rates.

® Changes in accessibility as indicated

by decreased delays in the system.

Additional criteria, such as reduction of
air pollution, decrease of fuel consumption,
and increase of driver satisfaction, are mea-
sures of effectiveness that may also be war-
ranted in an evaluation. However, these
measures often are considerably more diffi-
cult to quantify and, when used, they are
normally derived from basic traffic flow
measurements.



Evaluation Planning

The performance evaluation is in reality
an integral part of the system implementa-
tion; as such, the evaluation plan must be
considered in the early stages of the
development planning process. It involves
identifying improvement objectives, de-
termining what effectiveness measures are
to be used, developing a data collection
plan, and selecting an evaluation method-
ology. Common pitfalls are to collect more
data than needed or to collect data on an
ad hoc basis without knowing how the data
will be used. Another common pitfall is the
failure to clearly document conditions prior
to implementation of the improvement
program.

Two basic techniques normally are used
in evaluating freeway management control
projects— “before-and-after” studies and
“control group” studies. The “before-and-
after” technique is the method most
commonly used in evaluating effects of
new improvements. This approach estab-
lishes the “before” measurement as the
base and assumes that the difference
between the “base” condition and the
conditions after the improvements have
been installed represents the full effect of
the improvement. In using this method,
data collection efforts must be carefully
planned to minimize the effect of time-
related changes that may influence condi-
tions between the before and after
measurements. [t is also important to
recognize the limitation of not being able
to differentiate between the impact of
individual improvements—only the impact
of the total system is possible.

The “control group” method of evalu-
ation involves selecting a facility that has

Maintaining equipment in proper working condition
is essential to a freeway management system’s ability
to perform its intended function. (Alan M. Voorhees
& Associates.)p

characteristics similar to the facility for
which the freeway management system is
to be implemented. This facility then
serves as the control area. The effects of
the improvements are then determined by
comparing the conditions in the test area
with those in the control area. Although
this technique overcomes the problem of
time-related effects, it often is difficult to
identify a control area which has charac-
teristics similar to those of the test area.

Regardless of the study technique used,
the critical element in the evaluation of a
project is selection of data and sampling
technique. A careful design of the
sampling procedure is of utmost impor-
tance to ensure that the effects of the
improvements are properly represented.

The evaluation planning element must
also take into consideration the changes in
travel patterns that relate directly to the
types of controls that are implemented.
Some common changes that typically result
from a freeway control system are
bottleneck shifting, time shifts in demand,
localized operational problems, localized
increase in demand, and a general
redistribution of traffic. All these changes
have to be carefully evaluated and the
various control strategies have to be
modified to match the actual traffic needs
as they evolve and change over time.

SYSTEM MAINTENANCE

The ability of a freeway management
control system to perform its functions with
optimum effectiveness is highly dependent

on the quality and level of maintenance
provided. The consequences of a break-
down or malfunctioning of system equip-
ment include disruptions in traffic flow, in-
creases in accident potential and, often,
loss of credibility with the motoring public.

There is also a legal implication. If an
injury or damage occurs because some
element of the system fails, there could be
a case of liability against the operating
agency. Therefore, maintenance is an
extremely important aspect of the system
operation.

Development of a maintenance manage-
ment program for a freeway control system
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will vary depending on the type of system
being used. For example, a centrally con-
trolled system permits continuous moni-
toring of all the hardware elements of the
system (i.e., controllers, detectors, com-
munication links, etc.). With this type of
extensive monitoring, failures in equipment
performance can be detected early and
maintenance response can be almost im-
mediate if necessary. Thus, preventive
maintenance purposes can be accomplished
more efficiently. On the other hand, the
non-centralized systems (such as an iso-
lated ramp metering system) can create dif-
ferent types of maintenance management
problems. In order to detect a malfunction
or failure of these systems, frequent field
checks are required which tend to be ex-
pensive and often take place even when the
system is functioning properly.

The maintenance of the field equipment
is often independent of the type of system
used. Local controllers represent state-of-
the-art equipment used in other traffic con-
trol applications and are usually low-main-
tenance devices requiring no special skills
for their repair. A good practice, however,
is to minimize to the extent possible the
actual maintenance time at the field site.
This can be accomplished through the total
replacement of faulty elements in the field
so that their repair can be more effectively
performed at a maintenance station where
test equipment and other repair facilities
are readily available.

In the centrally controlled systems where
digital computers are used, most agencies
find that the best practice is to use mainte-
nance contracts in preference to adding
specialized staff. Such contracts can be
made with the computer manufacturer or
with some independent service firm. Typi-

cal contracts provide for both scheduled
and unscheduled maintenance (including
parts and labor), and the costs are always
less than that of having full-time computer
maintenance personnel.

Another important aspect of mainte-
nance management is to properly develop
and utilize service histories related to equip-
ment performance. They form the basis for
many maintenance decisions. They also
help determine the level of inventory con-
trol needed for proper maintenance. As a
general rule, a spare parts inventory of ap-
proximately 10 percent is considered ade-

quate for an agency that performs its own
maintenance.

An example of the distribution of mainte-
nance time allocation and maintenance
calls for the 1-35W freeway management
control system in Minneapolis is given in
Table 5. These numbers are directly related
to a detector-based system with relatively
limited closed-circuit TV and therefore are
not applicable to all systems. However,
they do give an indication of where most of
the maintenance problems normally occur
—in the detection and communication
system.

Table 5. Distribution of System Maintenance

Maintenance Time Allocation (%)
System %of Calls

Adjusting Field Repair | Shop Repair Total
CCTV 12.4 1.8 15.3 4.9 22.0
Detectors 42.7 13.7 16.9 5.4 36.0
Ramp Controls 7.7 0.3 3.8 0.4 4.5
Changeable-Message 2.4 0 16 0 3.6
Signs
Lane Signals 0.7 0 0.2 0 0.2
Communications 29.0 0.7 24.0 6.4 311
Miscellaneous 5.1 0.5 1.4 0.7 26
TOTALS 100.0 17.0 65.2 17.8 100.0
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4 Route 580, Oakland, California. Beaumont Avenue
ramp metering. (California Department of Transpor-
tation.)

Information

his section provides abstracts of six

of the more significant documents

that provide state-of-the-art sum-

maries on freeway traffic manage-
ment. It also provides a supplemental biblio-
graphy on the subject.

ABSTRACTS

Everall, Paul F., Urban Freeway Surveil-
lance and Control: The State of the Art. Pre-
pared for U.S. DOT, FHWA, 1972.

This report presents a state-of-the-art sur-
vey of urban freeway surveillance and
control systems. It begins with an introduc-
tion to freeway problems that are subject to
solution by surveillance and control tech-
niques. Measures and methods to docu-
ment operational problems are discussed to
aid the analyst in determining what surveil-
lance and control systems should be
considered. Solutions to freeway problems
are presented, along with descriptions of
the detailed hardware requirements. A
summary of existing ramp control projects
is presented and a benefit-cost study of
their effectiveness is provided. The report
concludes with an extensive list of refer-

Sources

ences identifying more than 200 articles
and reports dealing with freeway surveil-
lance and control.

Organization for Economic Cooperation
and Development, Research on Traffic Cor-
ridor Control, November 1975.

The OECD CGroup International Corridor
Experiment (ICE) Project was created to
examine the strategies available for traffic
corridor control and to outline potential
international coordinated research that
could be performed on a corridor facility of
a member country on the basis of the needs
of another member country. The Group’s
objective was to bring together and exploit
the expertise on traffic control available in
participating OECD countries in order to
make the most rapid and efficient impact
on the very complex subject of traffic cor-
ridor control. The experience of develop-
ments such as ramp control systems in the
United States, coordinated signal control in
Europe, and motorist warning systems in
Japan provided the basis for the Group’s
work. The following five types of corridors,
both in urban and in rural areas (intra-city
and inter-city), were considered within the
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framework of the program: (1) motorway
and motorway; (2) motorway and coor-
dinated area traffic control system; (3)
motorway and street network (uncoordi-
nated control); (4) motorway and suburban
road network (including controlled arte-
rials); (5) motorway and rural roads. The
report contains six chapters, a list of key
references, and eight annexes.

Peat, Marwick, Mitchell and Company,
“Review of Current and Proposed Low-Cost
Freeway Incident Management Systems,”
U.S. Department of Transportation, 1977.

This research report was prepared as an
interim report for contract DOT-FH-11-
8813, entitled “Alternative Surveillance
Concept and Methods of Freeway Incident
Management.” The results of an in-depth
review and preliminary analysis of the state
of the art of various minimum investment,
low technology, and freeway incident man-
agement systems are presented. This effort
included an extensive literature review and
interviews conducted with interested
agencies working in the freeway incident
environment. In addition, a number of
on-site incident investigations were con-
ducted and 15 videotape investigations
provided the basis for the structure of six
candidate freeway incident management
systems, which are organized along func-
tional lines. The detection, administrative,
organizational, preplanning, and traffic
control options of each of the candidates
are presented with respect to their costs,
characteristics, effectiveness, remedial
potential, and several option-specific
issues. Finally, data are presented to
suggest a particular option effectiveness as
compared with the total universe of all
incidents.

Stanford Research Institute, Guidelines for
Design and Operation of Ramp Control Sys-
tems, National Cooperative Highway Re-
search Program Project 3-22, 1975.

This report is intended as a guide for
designers of ramp-metering control sys-
tems. It is aimed at the working traffic
engineer who has had a minimum of free-
way operations experience. The emphasis is
on practical and proven techniques, not on
research or experimental procedures. As a
first step, the report provides guidance in
determining whether a proposed metering
system is potentially effective. Assuming
that cost and related criteria are met,
guidelines are given for the design, imple-
mentation, and operation of systems using
three types of metering: pretimed, locally
actuated, and centralized. Multiple-system
metering is also treated briefly. A final
chapter cites the benefits and costs of ramp
metering at a number of existing locations
and describes techniques for a specific
benefit-cost study.

Taragin, Asriel, Summary of the John C.
Lodge freeway Research, NCHRP, July
1976.

This report provides both the manage-
ment background and a summary of the
technical results of the long-continuing
freeway surveillance and control research
on the John C. Lodge Freeway in Detroit,
Michigan. It describes the history and
technical activities of the research con-
ducted just by local agencies in Michigan,
later under the more broadly supported
National Proving Ground and, finally,
through the mechanism of two successive
NCHRP projects. A complete list of refer-
ences and an annotated bibliography are
also provided.

U.S. Department of Transportation, Federal
Highway Administration, Traffic Control
Systems Handbook, June 1976.

This handbook, which was developed in
recognition of the need for compilation and
dissemination of information on advanced
traffic control systems, presents the basic
principles for planning, design, and imple-
mentation of such systems for urban streets
and freeways. The presentation concept
and organization of this handbook is
developed from the viewpoint of systems
engineering. Traffic control studies are de-
scribed, and traffic control and surveillance
concepts are reviewed. Hardware compon-
ents are outlined, and computer concepts
and communication concepts are stated.
Local and central controllers are described,
as well as display, television, and driver in-
formation systems. Available systems tech-
nology and candidate system definition,
evaluation, and implementation are also
covered. The management of traffic control
systems is discussed. Appendices are in-
cluded which provide information on:
freeway origin-destination study, freeway
input-output studies, acceleration noise-
mean velocity gradient, travel time and
delay, measures of the quality of traffic ser-
vice, information sources, costs checklist,
costs of freeway ramp metering systems,
and costs of selected urban street traffic
control systems.

The handbook contains information on a
systems approach to traffic control, traffic
control studies, traffic control concepts for
urban street systems and freeways, surveil-
lance concepts, hardware, computer con-
cepts, communication concepts, traffic
detectors, local and central controllers, dis-
play, television, and driver information sys-
tems.
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