ADVANCED ARTERIAL TRAFFIC CONTROL (AATC)
SYSTEMS

Signalized intersections play a major role in determining the overall perfor-
mance of arterial networks and many other types of transportation facilities. They are
the points where conflicting traffic streams meet and compete for the same physical
space. creating many potential conflicts. For a long time. transportation practitioners
have been thinking of ways to make signalized intersections more efficient. and a key
tool that they have been trying to take advantage of in this regard is information
technology (IT). To a large extent. improving the performance of signalized
intersections through the use of IT has centered on two simple ideas,

The first idea attempts to make the traffic signal more intelligent and more
responsive to actual traffic demands. The concept is to use traffic sensors or loop
detectors. similar to those described in relation to FIMS. at the approaches to the
intersection. These sensors would detect the presence or passage of vehicles and
would communicate this information to the signal controller. Based on this
information. the signal controller would attempt to optimize the signal plan so as to
minimize the vehicle's delay at the intersection. These signals are commonly referred
to as actuated traffic signals.

The second idea involves controlling a group of signals that lic along a major
corridor in an integrated or, to use signal control terminology, in a coordinated way.
This means that the signal plans of the individual intersections would be coordinated
in such a fashion that a platoon of vehicles discharged from one intersection will not
be stopped right away at a downstream intersection. but instead would proceed
through a sequence of coordinated intersections without stopping. In addition to
actuated and coordinated signals. AATC applications include adaptive traffic control
and signal preemption to allow emergency vehicles to safely reach their destination as
soon as possible. The following sections will describe these applications in more
detail.

Actuated Traffic Signals

Actuated signal control could be regarded as one of the very first applications
of IT to transportation problems. which predates the term ITS by several years. As
opposed to pre timed signals. actuated signals have the capability to revise their timing
plans based upon actual traffic demands obtained from traffic detectors. The idea
behind the use of actuated controllers is to have an adaptive type of control that is
responsive to the continuously changing traffic conditions. For pre timed controllers.
the implemented signal plan is only optimal for the volumes assumed in developing
the "offline” plan. These volumes could be very different from the actual volumes,
particularly if signal plans are not updated regularly, which is often the case. Actuated
controllers are capable of optimizing the allocation of time based upon real traffic
volumes.

~ Tounderstand the basic concept of operations for actuated controllers, we
first need to define the following three parameters:



Minimum green. Each signal phase of an actuated controller is assigned a
minimum green time. This time is typically taken to be equal to the time it takes a
queue of vehicles potentially stored between the stop line and the approach detector
location to enter the intersection.

Passage time interval. The passage time interval is the time it takes a vehicle
to travel from the detector location to the stop line. The passage time also defines the
maximum gap, which is the maximum time period allowed between vehicles' arrivals
at the detector for the approach to retain the green. If a time period equal to the
passage time interval elapses without vehicle actuations at the detector, the green for
that approach is terminated, and another approach, with a call for service waiting, gets
the green. In such a ease, the terminating phase is said to have "gapped out.”

Maximum green time. In addition to assigning each phase a minimum green,
each phase is assigned a maximum green. If the demand on one approach is sufficient
to retain the green until this limit (i.e., vehicles keep arriving before the maximum gap
expires), the phase is terminated after the maximum green time is exceeded. In this
case, the terminating phase is said to have "maxed out."”

Figure 9.21 shows the operational concept of an actuated controller. When a
certain phase becomes active, the minimum green is displayed first. Following this,
the green is extended by the vehicle passage time. Depending upon vehicle actuations,
the minimum green is extended by the passage time interval for each vehicle
actuation. If a subsequent actuation Occurs within one passage time interval, another
passage time interval is added (measured from the time of the new actuation, and not
from the end of the previous passage time interval). Finally, the green is terminated
according to one of two mechanisms: A passage time elapses without a vehicle
actuation (the phase gaps out); or the maximum green time for that phase is exceeded
(the phase gaps out).

Readers interested in learning the details of actuated signal controller design
are referred to appropriate references in traffic and highway engineering, including
Traffic and Highway Engineering by Garber and Hoe!.

Signal Coordination

When a number of traffic signals are located close to one another along a major
corridor, one simple idea to improve the efficiency of the transportation system is to
coordinate the start of the green for those signals. By carefully setting the time
difference between the start of green at successive intersections (i.e .. this difference is
commonly referred to as the signal offset, as will be explained later), it may be
possible to create a "green wave™ along the corridor that would allow drivers to go
through those signals without having to stop at each and every intersection.



FIGURE 9.21 Actuated control operational concept.
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A key requirement for coordinating signals is that successive signals are close
enough to one another, thereby allowing vehicles to arrive at intersections in the form
of platoons (i.e., a group of vehicles closely spaced to one another). Intersections that
arc far apart from one another are not good candidates for coordination because
vehicles, after traveling for long distances in between intersections. tend to disperse,
and the platoonlike structure of the traffic stream is destroyed. In these cases,
intersections can be regarded as if they were isolated intersections, and vehicles'
arrival patterns at those intersections tend to become random.

To allow for coordination, all signals along a coordinated system have to have
the same cycle length (in some cases. however, an intersection with exceptionally high
volumes may be allowed to have double the cycle length). A common cycle length is
needed so that the start of the green would occur at the same time relative to the
nearby intersections. While the cycle length has to be the same, the length of the green
at different intersections can vary. Given the requirement for common cycle lengths,
most signals along coordinated systems are set to operate on a pre timed basis. It is
still possible to coordinate traffic-actuated signals, but they would have to have a
common background cycle length.



Coordinated actuated controllers are therefore often of the semiactuated type.
which allow for varying the green given to the side streets from one cycle to the next.

For signal coordination. individual controllers need to be interconnected in
order to achieve the necessary synchronization. Typically, in a coordinated system. a
master controller would send coordination pulses to all other controllers within the
coordinated system (these are typically referred to as local controllers). Direct
communication could be established using hard-wired cable. telephone lines. coaxial
cable. fiber optic cable. or radio communications. In addition. indirect communication
could be established using time-based coordinators.

Time-Space Diagram and Signal Coordination

A powerful tool that has historically been used to design coordinated signal
systems is the time-space diagram introduced earlier in Chapter 2. At the present time.
the use of the time-space diagram for the design of coordinated signal plans has
largely been replaced by more powerful traffic simulation software and optimization
algorithms. Nevertheless. the diagram is still quite useful in illustrating the concepts.
factors. and challenges of signal coordination.

Figure 9.22 shows a typical time-space diagram for a signal coordination
problem. To the left of the .v-axis of the diagram. which represents the distance. we
draw to scale a plan of the corridor or street along which the signals are to be
coordinated,

FIGURE 9.22
Signal coordination on a time-space diagram.
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We then focus on a given direction (say the NB direction in this example), and
at the location of each intersection and along the .r-axis. we draw a schematic
representation of the phase sequences for the selected direction at that particular
intersection. To make things simpler, we typically only plot the duration of the
effective green (i.e., the green + the yellow) as a blank line, and the effective red as a
solid line. When representing the signal plan for each intersection, it is important to
correctly record the beginning of the green for each signal. Vehicles' trajectories could
then be drawn and their interactions with the signal plan studied.

As can be seen from Figure 9.22, the first signal turns green at time, TI, fol-
lowed by the second signal at time, T2, and the third at time T3. The difference
between the time when an upstream signal turns green and when the downstream turns
green is referred to as the signal offset. Typically the offset is defined as (T2 - TI) or
(T3 - T2) and therefore is usually a positive number between 0 and the common cycle
length for the coordinated system of signals. Also shown in Figure 9.22 is the concept
of bandwidth. This is the amount of green that can be used by a platoon of vehicles
moving through a series of intersections without having to stop at any of these
intersections.

Determining "ldeal’" Offsets

If we focus on one direction (such as the NB direction in Figure 9.22), deter-
mining the values for the "ideal™" offsets is straightforward. If the offset for a given
signal is to be related to the signal directly upstream from that signal, the ideal offset
can be easily computed as follows:

Oideal = L/S (9.9)
where
L = distance between signalized intersections
S = average vehicle speed
The calculations are illustrated by the following example.

EXAMPLE 9.14

Calculating Ideal Offsets for Signal Coordination

It is required to coordinate signals along the one-way corridor shown in Figure
9.23. All signals shown have a common cycle length of 80 sec, and the effective green
for the direction to be coordinated for all signals is about 60% of the cycle length.
Given that the average vehicle speed along the corridor is 35 mph and the distances
between intersections are shown in Figure 9.23, calculate the ideal offsets for the
signals.



FIGURE 9.23
Calculation of ideal
offsets for one-way
progression.
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TABLE 9.12 Calculating the Ideal Offsets for the Corridor of Figure 9.23

Signal offset Calculated Ideal offset
Relative to Signal (sec)
B A 900/51.33 =17.5 sec
C B 600/51.33 = 11.7 sec
D C 1500/51.33 = 29.2 sec
E D 1200/51.33 = 23.4 sec

Solution

We first convert the speed given in miles/hr into the equivalent value in ft/sec as

follows:

Average speed = 35 mph=~ 35 x 5280/3600 = 51.33 ft/sec
We then apply Equation 9.9 to calculate the offsets as shown in Table 9.12.
The offset for a given signal is calculated relative to the one right upstream of that

signal.

Bandwidth Concept

As previously mentioned with reference to Figure 9.22. the bandwidth can be
defined as the time difference, in seconds, between the trajectories of the first and last
vehicle in a platoon of vehicles capable of moving through a series of intersections
without having to stop at any of these intersections. Bandwidth efficiency gives an
indication of the efficiency of the coordination scheme. It is generally defined as the

ratio of the bandwidth to the cycle length, as given by Equation 9.19.
Bandwidth efficiency = (BW/C) x 100

where

BW = band width, sec C = cycle length, sec

(9.10)




In general. a bandwidth around 50% is regarded as an indication for good
coordination.

Bandwidth capacity gives the number of veh/hr that can go through the
coordinated system without stopping. The bandwidth capacity can be easily computed
by first determining the number of vehicles per traffic lane that go without stopping in
each traffic signal cycle. This can be done by dividing the bandwidth in seconds by
the discharge or saturation headway, which is typically around 2 sec/veh (see Chapter
4). This number is then multiplied by the number of signal cycles/hr. and by the
number of traffic lanes, as shown in Equation 9.11.

3600 xBW xN

Bandwidth Capacity(i nveh/hr)= oxh
X

(9.11)

where :

BW = bandwidth. sec

N = number of through lanes in the indicated direction

C =cycle length, sec

h = discharge or saturation headway, sec

Determining the bandwidth for a given coordinated system can be estimated

graphically from a time-space diagram similar to the one shown in Figure 9.22. Once
this is determined, the efficiency and capacity of the bandwidth can be calculated. The

following example illustrates the procedure.

EXAMPLE 9.15
Calculating Bandwidth, Bandwidth Efficiency and Bandwidth Capacity

Figure 9.24 shows a set of three traffic signals along an arterial with two lanes
in each direction. The signals are coordinated primarily for the NB direction. The
cycle length. the duration of the green for the N-S phase, and the offset for each of the
three signals (A, B, and C) are as shown in Table 9.13.

FIGURE 9.24 Roadway sketch for Example 9.15.
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TABLE 9.13 Signal Data for Example 9.15

Signal Cycle Length Green for Offset relative to
N-S Phase upstream signal
Signal A 80 sec 35 sec 0 sec
Signal B 80 sec 45 sec 20 sec
Signal C 80 sec 40 sec 15 sec

Given that the average vehicle speed along the corridor is 41 mph.

1. Draw a time-space diagram for the coordinated system.
2. Determine the bandwidth efficiency and the bandwidth capacity for the NB

direction.
3. Determine the bandwidth efficiency and capacity for the SB direction.

Solution

() The first step in solving this problem is to draw the time-space diagram for the

coordinated system as shown in Figure 9.25.
FIGURE 9.25 Time-space diagram for the northbound direction.

c
1 40 sec 40 sec
+ t
o 1
S
o I
1
1
B
' 145 sac, 35 sec
! '
i {
= 1 i
2 i ]
o ! |
I ]
I i
' I
! 1
A 1 1 I
35sec | 45sec

t 1
Offset 1 \Diisat 2,
‘ 20 sec iTS 5ec

The road with the three signals was first drawn to scale along the y-axis of the
time-space diagram. Next, the signal timings for each of the three signals A, B, and C
were sketched along the .r-axis, For signal A and for the N-S direction, we have 35



sec of green followed by 45 sec of red (to make the 80 sec cycle). Signal B has 45 sec
of green followed by 35 sec of red. Since the offset for signal 8 is 20 sec, the green of
signal B is drawn so as to start 20 sec after the start of the green for signal A, Finally,
signal C gets 40 sec of green and 40 sec of red. The green for signal C starts 15 sec
after the green for signal 8.

We then draw the vehicle trajectories. The average vehicle speed along the
corridor is 41 mph. which is equivalent to 41 X 5280/3600 = 60 ft/sec. Vehicle
trajectories arc therefore represented by straight lines having a slope of 60 ft/sec, as
shown in Figure 9.25, for both the NB and SB directions.

(2) As can be seen from Figure 9.25, for the NB direction. the bandwidth is
equal to 35 sec. Given this, the bandwidth efficiency can be easily calculated from
Equation 9.10 as follows:

BW 3 %100 = 2 x100 = 43.75%
C 80

Bandwidthefficiency = (

Bandwidth capacity can be calculated from Equation 9.11 as

3600x BWxN _ 3600x35x2
Cxh -~ 80x2

‘Bandwidth capacity = =1575 veh/hr

(3) For the SB direction. as can be clearly seen for Figure 9.25. the bandwidth is much
smaller. only about 6 sec. With the bandwidth determined. the bandwidth
efficiency and safety can be easily calculated from Equations 9.10 and 9.11 as
follows:

Bandwidthefficiency= (BC—W) x100 = % x100 =7.5%

Bandwidth capacity can be calculated from Equation 9.11 as :

3600xBWxXN _ 3600x6x2
Cxh ~80x2

Challenges in Coordinating Signals

While signal coordination on one-way streets is straightforward. this is not the
case for two-way streets and grid networks. The complexity arises from the fact that.
for a two-way street. once the offsets are determined for a given direction (based
upon the needs of that direction). the offsets for the other direction are fixed (see
Figure 9.26). These offsets (for the other direction) may be inappropriate for the
needs of that other direction. as Figure 9.26 and Example 9.15 illustrate.

Bandwidth capacity = =270 veh/hr




FIGURE 9.26
Relationship between offsets on two-way streets
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Determining the offsets for a two-way street starts with the realization that the
offsets in the two directions add to one cycle length, or to an integer multiple of cycle
lengths for longer block lengths (see Figure 9.26). Therefore, with reference to Figure

9.26, we could say that
Ing + Isy=C

where
Ini ~ offset in the northbound direction
Is;) = offset in the southbound direction
C = cycle length
9 1151e actual offset, which has to satisfy Equation 9.12, can then be expressed as
aclual Ifif.lu:zll te (9.13)

The goal of most signal optimization programs is to minimize the weighted
sum of the difference between the actual and ideal offsets.

A number of computer programs are currently available to help in the desigo of
optimal signal timing plans for coordinated systems. The idea behind these programs
iIs to find a set of timing parameters (such as offsets, cycle lengths, and phase
intervals) that would minimize a given performance measure (such as total delay or
total number of stops) while satisfying the different constraints (such as the constraint
defined in Equation 9.12). Among the most famous of these computer programs are
TRANSYT-7F and SYNCHROo.

TRANSYT (TRATffic Network StudY Tool) was first developed by the U.K.'s
Transport Road Research Laboratories in the late 1960s and has undergone several
revisions since then. TRANSYT Version 7 was Americanized for the Federal
Highway Administration (FHWA) in the late |1 970s and early 1980s; hence the name
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TRANSYT-7F. Currently, TRANSYT-7F is one of the most widely used computer
programs for developing optimal timing plans for corridors and networks. To develop
optimal coordinated signal plans, TRANSYT varies the cycle length, the phase
lengths, and the signal offsets until the plan that optimizes a user-defined objective
function is identified,

SYNCHRO is another signal timing software that could be used to generate
optimal signal plans (cycle length, phase lengths, and offsets). For optimization,
SYNCHRO uses an objective function that attempts to minimize a combination of
delay, number of stops, and number of vehicles in queue. A unique advantage of
SYNCHRO is its ability to accurately model the operation of actuated controllers
within a coordinated system.

Adaptive Traffic Control Systems

Adaptive or computer traffic control refers to the use of a digital computer to

control the operation of a group or system of signals. Adaptive traffic control

systems combine the concept of actuated or computer control with the concept of
signal coordination. These systems can therefore be regarded as the next step in the
evolution of traffic signal control systems. The idea behind adaptive or computer
traffic control systems is to take advantage of the power of digital computers to
control many signals. along an arterial or in a network, from one central location.
Computer traffic control systems predate ITS by several decades: the first installation
of these systems took place in the early | 960s. These systems, however, have
undergone continuous refinement since that time. In the following paragraphs, we
give some historical perspective on the development of these systems.

The most basic type of computer signal control system first appeared in the |
960s. The idea was for a computer to control a series of controllers, but with no
"feedback™ of information from the field detectors to the computers. In such a
system, the traffic plans implemented are not responsive to the actual traffic demand.
Instead, the plans are developed "offline” from historical traffic counts and
implemented based upon the time of day and day of the week. While this system
appears rather simplistic, it offers several advantages. including the ability to update
signal plans from a central location, the ability to store a large number of signal
plans, and the automatic detection of malfunctioning equipment.

The next development was to have signal control systems in which information
from the field traffic detectors is fed back into the central computer. The computer
would then use this information to select the signal plan to be implemented. Plan
selection is conducted according to one of the following methods.

Select plan from a library of predeveloped plans. In this method, the system has

11



access to a database (library) that stores a large number of different traffic patterns
along with the "optimal” signal plans for each pattern (these plans are developed
offline). Based upon information from the traffic detector, the computer matches the
observed traffic pattern against the patterns stored in the library and identifies the
closest one. The plan associated with the identified pattern is then implemented. This
type of adaptive traffic control system is often referred to as a first-generation
system. The distinguishing feature of these systems is that the plans. while responsive
to traffic conditions, arc still developed offline. Typically, the frequency of signal
update is every 15 min. First-generation systems do not generally have traffic
prediction capabilities.

Develop plan online. In this method, the "optimal™ signal plan is computed and
implemented in real time. This requires enough computational power to do the
necessary computations online. Systems that develop plans online are classified as
either second-generation or third-generation systems. These systems typically have a
much shorter plan update frequency compared to first-generation systems. In
addition, signal plans are computed in real time based on forecasts of traffic
conditions obtained from feeding the detector's information into a short-term traffic-
forecasting algorithm.

For second-generation systems, the plan update frequency is every 5 min,
whereas third-generation systems have an update interval ranging from 3 to 5 min,
The next section will describe some examples of these systems that arc in use
throughout the world,

Adaptive Traffic Control Algorithms

A number of adaptive traffic control algorithms are currently available, Among
the most widely accepted of these are SCOOT, and SCATS, SCOQOT (Split. Cycle,
Offset Optimization Technique) is an adaptive traffic control system developed by
the U.K,'s Transport Research Laboratory (TRL) in the early 19ROs. In 1996, the
system was in operation in more than 130 towns and cities around the world. SCOOT
operates by attempting to minimize a performance index (PI), which is typically
taken as the sum of the average queue length and the number of stops at all
approaches in the network. In order to do this, SCOOT maodifies the cycle lengths,
offsets, and splits at each signal in real time in response to the information provided
by the vehicle detectors.

The operation of SCOOT is based upon cyclic flow profiles (CFPs), which are
histograms of traffic flow variation over a cycle, measured by loops and detectors,
placed midblock on every significant link in the network. Using CFPs, the offset
optimizer calculates the queues at the stop line. The optimal splits and cycle length
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are then computed. In recent years, a number of additional features have been added
to SCOOT to improve its effectiveness and flexibility. These include the ability to
provide preferential treatment or signal priority for transit vehicles: the ability to
automatically detect the occurrence of incidents: and the addition of an automatic
traffic information database that feeds historical data into SCOOT, allowing the
model to run even if there arc faulty detectors.

The Sydney Co-ordinated Adaptive Traffic System (SCATS) was developed in
the late | 970s by the Roads and Traffic Authority of New South Wales in Australia.
For operation, SCATS requires only stop line traffic detectors, and not midblock
traffic detection as does SCOOT. This is definitely an advantage since the majority of
existing signal systems are equipped with sensors only at stop lines. SCATS is a
distributed intelligence, hierarchical system that optimizes cycle length, phase
intervals (splits), and offsets in response to detected volumes. For control, the whole
signal system is divided into a large number of smaller subsystems ranging from I to
10 intersections each. The subsystems run individually unless traffic conditions
require the "marriage" or integration of the individual subsystems.

In developing real-time signal plans, SCATS' objective is generally to equalize
the saturation flow ratio of the conflicting approaches. Consequently, the system in
many cases does not minimize delays on major arterials. which may actually exhibit
deterioration in their level of service particularly during peak periods. This was
evident in the FAST-TRAC ITS field test in Oakland County, Michigan. In that
project. video detection was used to feed a SCATS system, which then developed
timing plans in real time.

Signal Preemption and Priority

Advanced arterial traffic control (AATC) systems often include signal pre-
emption and priority capabilities. These capabilities allow controllers to detect
vehicles approaching signalized intersections and to provide them with some type of
preferential treatment. There are several instances where such systems could be used.
For example, signal preemption could be used to provide an approaching emergency
vehicle with the green light, an act that could save the lives of those in an emergency
situation. Signal preemption could be used at highway-rail grade crossings to prevent
a vehicle from being trapped on the railway track. They could also be used to provide
transit vehicles with some preferential treatment that may involve extending the
green at an intersection for an approaching bus in order to allow buses to stay on their
schedule.

Historically, the term signal preemption has been used to refer to highway rail
grade crossing systems, emergency vehicles systems, and transit systems. More
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recently, the use of the term signal priority is preferred to reflect the fact that there is
a need to assign different priorities to different requests. For example, a highway-rail
crossing typically is assigned the highest priority, which would typically involve
instantaneous response from the controller to avoid trapping vehicles on the railway
track. Emergency vehicles arc typically assigned a slightly lower priority to allow a
signal from a highway-rail grade crossing to override the emergency vehicle request.
if a need arises to do so. Finally, transit vehicles are assigned an even lower priority.
Such requests received from transit vehicles typically do not cause major disruptions
of the phase sequence but may extend a green split by a prescribed amount, allowing
the bus to pass the signal.

There are several control strategies that could he used to grant transit vehicles
preferential treatment at signalized intersections. In this section. however. we focus
primarily on emergency vehicle systems. In our discussion. we will use the term
preemption since this is the term that is most often used today to refer to emergency
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The right-of-way The approach allows for the development of more
sophisticated signal coordination strategies compared to the local signal preemption
approach, strategies that would anticipate the vehicle's turning movements and would
minimize overall system disruption. However, itis much morc complex and more
expensive than the local signal preemption approach.

Advanced Arterial Traffic Control Systems Benefits

The benefits to be expected from advanced arterial traffic control systems
include travel time reduction benefits; environmental benefits resulting from
improved traffic flow conditions, lower emission rates, and less fuel consumption;
and safety-related benefits resulting from lower accident rates under improved travel
conditions. Following is a brief discussion of each of these henefits.

Travel Time Reduction Benefits

Evaluation studies conducted throughout the United States indicate that
advanced signal control systems could result in travel time reduction in the range of 8
to 25%. The exact value of time reduction will depend upon a number of factors.
including the variability of travel demand; the overall level of congestion; the time
interval between signal timing plan modifications; and the density of traffic signals.

Environmental Benefits

Studies show that advanced signal control systems could result in a reduction in
air pollutants (such as hydrocarbons and carbon monoxide) that range between 10
and 19%. They could also result in a 4 to 12% reduction in fuel consumption.

Safety Benefits

Some studies show that advanced signal control systems could also result in a
reduction in the frequency of injury-related accidents ranging from 6 to 27%.

As an example of how the benefits of an advanced arterial traffic control
system may be calculated. consider a segment on an arterial carrying an average
annual daily traffic (AADT) of about 20.000 veh/day. Assuming that the average trip
length for this segment is about 10 min, and using the conservative estimate of a 10%
reduction in trip travel time (as discussed, studies show a reduction in the range 8 to
25%), the time savings resulting from deploying the ITS system could be estimated at
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(0.10 X 10 ~ 1.0 min/veh/day). Assuming that the value of time is equal to $8.90/hr.
the benefits could be computed as follows:
Benefits ~ (# of vehicles) X (time saved) X (time value) X 365 ~ 20.000 X

(1.0/60) X ($8.90) X 365 = $ 1,082.833/year

ADVANCED PUBLIC TRANSPORTATION SYSTEMS

Advanced public transportation systems attempt to improve the efficiency. pro-
ductivity. and safety of transit systems. They also strive to increase ridership levels
and customer satisfaction. In this section, we describe some examples of advanced
public transportation systems. The examples described can be categorized under the
following four categories: automatic vehicle location (AVL) systems: transit

operations software; transit information; and electronic fare payment systems.
Automatic Vehicle Location (AVL) Systems

AVL systems are designed to allow for tracking the location of transit systems
in real time. These systems work by measuring the actual real-time position of each
vehicle and communicating the information to a central location. This information
can then be used to increase dispatching and operating efficiency: allow for quicker
response to service disruptions: provide input to transit information systems: and
increase driver and passenger safety and security.

While a number of technologies arc available for AVL systems, including dead
reckoning. ground-based radio. signpost and odometer, and G PS, most agencies now
are choosing GPS-based systems. GPS is a navigational and positioning system that
relies upon signals transmitted from satellites for its operation. In 1996. there were 86
transit agencies across the country operating, implementing. or planning A VL
systems: over SO% of these were using G PS technologies. The following section
describes some real-world implementations of AVL systems.

Real-World Examples of Transit AVL Systems

In Atlanta, Georgia. about 250 buses of the Metropolitan Atlanta Rapid Transit
Authority (MARTA)'s 750-vehicle fleet are equipped with AVL. The system is
linked to the Georgia Department of Transportation traffic management center. There
are also electronic signs at a few bus stops for displaying information to passengers
waiting at these stops. The system was shown to yield concrete benefits. including
improved on-time performance as well as increased safety.

The Tri-County Metropolitan Transportation District of Oregon (Tri-Met) has
recently completed the implementation of a GPS AVL system for 640 fixed-route
vehicles and 140 paratransit vehicles. The AVL is being employed as part of a
regional ITS system. whereby the buses will be used as probes for traffic monitoring,
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as discussed previously.

The Milwaukee Transit System (MTS) completed the installation of a GPS
AVL on 543 buses and 60 support vehicles. Preliminary results indicate a 28%
decrease in the number of buses more than one minute behind schedule.

Transit Operations Software

Transit operations software allow for automating, streamlining, and integrating
many transit functions. This includes applications such as computer-aided dis-
patching (CAD). service monitoring. supervisory control, and data acquisition. The
use of operations software can improve the effectiveness of operations dispatching.
scheduling, planning. customer service. and other agency functions. Operations
software is available for fixed-route bus operations as well as for paratransit or
demand-responsive operations.

Operations software for demand response transit implement new scheduling
and dispatching software for improved performance and increased passengercarrying
capability of the vehicles. Systems vary widely in their capabilities; the high-end
systems have integrated automated scheduling and dispatching software with AVL,
geographic information systems, and advanced communications systems. These
systems provide dispatchers with the capability to view maps of the service area with
the locations of all the vehicles in real time. Drivers have mobile data terminals

displaying the next hour's pickups and dropoffs.
Real-World Examples of Transit Operations Software Implementations

Kansas City. Missouri, was able to reduce up to 10% of the equipment required
for bus routes using an AVLICAD system. This allowed Kansas City to recover its
investment in the system within two years. On-time performance was improved by
12% in the first year of operating the AVL system. In Ann Arbor, MichiRan. the
city's paratransit service (A-Ride) has implemented computeraided dispatch,
automated schedulinp, and advanced communications for eight AVL-equipped
paratransit vehicles. This system is able to provide service 24 hours a day, with the
services of a dispatcher needed only to take reservations and cancellations from
callers and to confirm rides.

Transit Information Systems

Transit information systems implement traveler information systems that pro-
vide travelers with transit-related information. Three types of such systems can be
identified: pretrip systems: in-terminal/wayside systems: and in-vehicle transit
information systems.

Pretrip information systems provide travelers with accurate and timely infor-
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mation before starting their trips to allow them to make informed decisions about
modes as well as routes and departure times. The information provided can cover a
wide range of categories, including transit routes, maps. schedules, fares, parkand-
ride locations, points of interest, and weather. In addition, these systems often
support itinerary planning. Methods of obtaining pretrip information include touch-
tone phones, pagers, kiosks, the Internet, fax machines, and cable TV.

In-terminal/wayside systems provide information to transit riders who are
already en route. This information is typically communicated using electronic signs,
interactive information kiosks, and CCTV monitors. The overall goal is to provide
real time bus and train arrival and departure times, reduce waiting anxiety, and
increase customer satisfaction. In-vehicle information systems provide en route
information for travelers on board the vehicle. The major impetus behind such
systems is to comply with the applicable provisions of the American Disabilities Act
of 1991.

Real-World Examples of Transit Information Systems

A good example of pretrip transit information systems can be found in Seattle,
Washington, where a key product of Seattle Metro's transit information system is a
Web site whereby travelers can obtain information on transit schedules and fares, van
and carpooling, ferries. and park-and-ride facilities. This site also provides assistance
to transit users in planning their trips. In addition, the University of Washington has
developed a Java applet to allow users to view the locations of all buses traveling
throughout the Metro System. The University has also developed Web pages to help
travelers predict the time of arrival of buses at different bus stops.

Examples of in-terminal and in-vehicle information systems can be found in
Ann Arbor, Michigan, where a pair of 31" video monitors is used to display real time
data generated by the AVL system to inform passengers at the downtown transit
center (in-terminal) about arrival status, delays, and departure times. The Ann Arbor
system also includes in-vehicle annunciators and displays from which passengers will
receive next -stop and transfer information. The latter will take the form of

announcements that identify valid bus transfers at upcoming stops.
Electronic Fare Payment Systems

The idea behind electronic fare payment systems is to facilitate the collection
and management of transit fare payments by using electronic media rather than cash
or paper transfers. These systems consist of two main components: a card and a card
reader. Cards could be of the magnetic-strip type, where the reader does most of the
data processing. They could also be equipped with a microprocessor (smart cards),
and, in this case, data processing could occur on the card itself. Electronic fare
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payment systems offer a number of advantages: they offer convenience to vehicle
operators by eliminating the need for any actions to be taken on their part; they
eliminate the need for a passenger to worry about having exact change for the bus
fare; they facilitate the collection and processing of fares; and they allow for adopting
more complex and effective fare structures.

There are two types of electronic fare payment systems: (a) closed systems, and
(b) open systems. Closed systems are limited to one main purpose (i.e., paying transit
fares) or to a few other applications, such as paying parking fees. However, the value
stored on the card cannot be used outside the defined set of activities; hence the name
closed system. Open systems can be used outside the transit system. A prime example
of an open system is a credit card, which naturally can be used with multiple
merchants.

Transit AVL and Operations Software Benefits

Studies show that the deployment of transit AVL and operations software could
result in both capital as well as operating cost savings to the operating agency. The
default values are a reduction between 1 and 2% in lleet size and a reduction in the
range of 5 to 8% in operating costs. To illustrate how the benefits from deploying
such systems could be estimated, consider the case of a transit agency whose annual
capital and operating costs are $2,000,000 and $1.500,000, respectively. Assuming a
cost saving of 1.5% for capital costs and 6% saving for operating costs, the annual
savings are equal to

2,000,000 X 1.5/1 00 + 1,500,000 X 611 00 ~ $120,000/yr

MULTIMODAL TRAVELER INFORMATION
SYSTEMS

Multimodal traveler information systems are designed to provide static, as well
as real-time, travel information over a variety of transportation modes (e.g ..
highways, transit, ferries, etc.). In essence, these systems integrate the traffic
information dissemination functions of freeway and incident management systems
with the functions of transit information systems. They then add more information
from sources such as Yellow Pages, tourist organizations, and weather services.
Traveler information can be provided before or during a trip (pretrip and en route
traveler information). Table 9.14 shows an extensive list of data of potential interest
to the traveler that could be part of the traveler information system. Information is
classified as either static or real-time information.

Following the collection and processing of data, telecommunications tech-
nologies, including voice, data, and video transmission over wire-line and wireless
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channels, are then used to disseminate the information to the public. Among -
TABLE 9.14
Potential Contents of a Multimodal Traveler information System
Static information:
Known in advance, changes infrequently

Planned construction and maintenance activities Special events, such as state fairs

and sporting events Transit fares, schedules, and routes
Intermodal connections (e.g., ferry schedules along Lake Champlain)

Commercial vehicle regulations (such as Hazmat (hazardous
material) and height and weight restrictions) Parking locations.and costs

 Business listings. such as hotels and gas stations Tourist destinations
Navigational instructions

_ Roadway conditions, including congestion and incident
information
Alternate routes

Road weather conditions, such as snow and fog Transit schedule adherence

navel time ]
Real-time information:

Changes frequently

the means of information dissemination are the Internet, cable TV, radio. phone
systems. kiosks, pagers. personal digital assistants (PDASs). and in-vehicle display
devices. In addition. efforts are currently underway to implement a national number.
511, which would provide travelers in the United States with real-time multimodal
travel information.

Benefits of Multimodal Traveler Information Systems

Multimodal traveler information services allow users to make more informed
decisions regarding time of departure. routes. and mode of travel. They have been
shown to increase transit usage and reduce congestion when travelers choose to defer
or postpone trips or select alternate routes. A good example of a regional multimodal
traveler information system is given by the Smart Trek Model Deployment Initiative
in Seattle. Washington. At the center of this system is a set of protocols and
paradigms designed to collect and fuse data from a variety of sources; process the
data to derive useful information; disseminate the information derived to independent
information service providers; and warehouse the data for the purposes of long-range
planning.

Challenges Facing Multimodal Traveler Information Systems

Although multimodal traveler information systems have the potential to yield
significant benefits for both travelers and system operators. the demand for products
has been slow to materialize. The size of the market for traveler information systems
has been modest to date. Several reasons could be provided
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