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EXECUTIVE SUMMARY

Optimal use of existing transportation facilities has become a
major priority in congested urban areas. Providing real-time in-
vehicle traffic information to drivers is one possibility of
achieving this goal. This report documents an initial attempt to
ascertain the potential benefits of a real-time in-vehicle
traffic information system under recurring and non-recurring
congestion conditions.

As opposed to creating a hypothetical network, an actual real-
life network in the Santa Monica freeway corridor in Los Angeles,
California, was simulated via the FREQS and TRANSYT-7F simulation
models. The Santa Monica freeway corridor represented a typical
congested freeway and was the focus of interest of the sponsoring
agencies for this project namely CALTRANS and the City of Los
Angeles Department of Transportation or LADOT. The freeway study
limits were: San Diego freeway in the west to Harbor freeway in
the east; Venice boulevard in the north to Adams boulevard in the
south. The study period was from 6:00 a.m to 10:00 a.m. and
covers the morning peak period. The four hour time period was
divided into sixteen time slices fifteen minutes each. The
traffic counts provided by CALTRANS and LADOT were gathered from
several years of data (1984-1988) and based on meetings with
CALTRANS and LADOT it was assumed that these traffic counts
represent traffic counts of a "typical day" on which the analysis
in this report was based.

The output of the FREQS and TRANSYT-7F simulation was travel
times on the freeway links and the surface street links. Travel
times for both the freeway links and surface street links from
these models were transformed to a network model developed
entitled PATHNET. PATHNET was utilized to determine the travel
times for the "shortest path" between any origin and destination
point in the network or for any other path in the network so
desired (examples are "freeway-biased path", "arterial-biased
path", "user-specified path"). A survey was conducted to
determine typical routes used by actual commuters in the Santa
Monica freeway corridor in the home to work trip. The survey
suggested that the preferred route for those drivers is to enter
and leave the corridor on the freeway. The survey sample size was
small and was taken from a selected group of drivers. The results
should not be interpreted as a random sample of commuters but
rather as a preliminary indication of the typical routes taken by
local commuters in the Santa Monica freeway corridor.

The shortest path is assumed to be the perfect information path.
Comparisons between the "shortest path" travel time and the
travel times of the other paths listed were made for a set of
four origin points and three destination points. These
comparisons of travel times were the basis of determining
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potential benefits of an in-vehicle information system.

Under the recurring, non-incident congestion scenario, the travel
time savings when utilizing the "shortest path" were generally
negligible (less than three minutes for a 20-25 minute trip) when
compared to the least travel time of the other paths (usually the
freeway-biased path). Under the non-recurring, incident
congestion scenario (where the incident was created on the
freeway), travel time savings were found to be significant
(greater than three minutes for a particular trip), when
comparing the "shortest pathW to the least travel time of the
other paths (usually the freeway-biased path) during certain
times in the study period (the entire study period extended from
6:00 a.m to 10:00 a.m). The greatest travel time savings occur
during the time slices following the introduction of the freeway
incident, from 6:45 to 7:15 a.m, with a maximum savings of 10
minutes for a 30 minute trip.

The incident scenario introduced did not capture the maximum time
savings under incident induced conditions, however. Incident
sensitivity analysis, an immediate goal for future research, is
needed to estimate the potential benefits by varying traffic
demand level, incident severity level, and network or corridor
structure.

The results of this study are specific to the corridor under
investigation and other limitations and constraints, e.g time of
the study and the 12 O-D pairs selected and the routing strategy
used.

A key assumption in this study was that an incident on the
freeway system does not affect travel times on the surface street
system because the percentage of vehicles diverting to the
surface street system is small.

The authors of this report think that this study is only a first
step in the process of the overall assessment of potential
benefits. Chapter - VI in this report discussed the pros and cons
of this study and the need for refinement of the obtained
estimates of the potential benefits, It has also addressed future
research in the area of vehicle navigation. The next step in this
research is thought to be in the release of some restraining
assumptions in this report, e.g to increase the percentage of
diverting drivers equipped with the in-vehicle information
technology from the freeway to the surface street system and
recalculate the potential benefits. An integrated FREQS-TRANSYT-
7F and PATHNET model will be needed to reduce the time of
analysis. An equilibrium model will then have to be incorporated.
The simulation can then be applied to a numerous number of
networks with different sizes, structures, and the estimation of
benefits can indicate in what type of network the technology can
be best applied.
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CHAPTER I - INTRODUCTION

A. PATH

This report describes the efforts of a study team investigating
the potential benefits of in-vehicle information systems. This is
one of the studies related to vehicle navigation systems which is
a part of the "Program On Advanced Technology for the Highway" or
(PATH). This program has three main components: Automation,
Electrification and Navigation. Work in Vehicle Navigation
started with Kanafani [1987] [l] and Gosling [1988] [Z].

B. THE PROBLEM

Urban congestion has been the daily problem facing California
drivers and it is estimated that Californians suffer 300,000
hours of traffic delay per day. Congestion is increasing at a
rate of 15-20 & per year throughout the state. It has been
estimated that the demand measured by VMT is growing at the rate
of 5-6 % per year, while facilities (in lane miles) are
increasing at a rate less than 1% per year [3].

Even if it is financially possible to cope with this demand by
the construction of new highway facilities, it is currently
impossible to satisfy environmental, land use and other
requirements. Technology based systems for the management of
traffic operations is necessary. The use of traffic information
systems has the objective of helping drivers to arrive at their
destinations without having to suffer excess travel (if they are
not familiar with the network) or congestion delay. There have
been studies in the U.S. that estimated the contribution of
excess travel (relative to the total travel time) for work trips.
The paper of Mast and King [4] estimated a $45 billion dollars
loss per year caused by excess travel time which could be
recovered if there was a navigational system.

There is a substantial wastage of time and other resources (e.g
fuel) because of excessive delay at intersections and congestion
on the freeways. However, there has not been a large research
effort (in U.S.) directed to estimate travel time savings that
could be accrued by a real time traffic information system that
diverts drivers around bottlenecks (recurring and non-recurring)
and consequently avoid congestion delay.
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C. BACKGROUND

In his paper of [1987] [l], Kanafani talked about current
technology in navigational aids, route guidance and route control
systems. Kanafani also made a brief comparison between current
navigation and route guidance systems. Examples of navigation
systems are the U.S. ETAK and the Japanese JNPA Amtics. Examples
of the route guidance systems are the German ALI-SCOUT and the
British AUTOGUIDE. Also, definitions of route guidance, route
control and navigation systems can be found in Kanafani's paper.

The paper of Yumoto. et al, [l979] [5], estimated travel time
savings of 9-15 % (in a thousand trials made between 7 pairs of
O-D's ). More work has been done by Jeffery, et al, TRRL,
England, [1987] [6]. Jefferg's estimation of benefits was even
more comprehensive, including estimations of user and system
benefits rather than just stating the travel time savings.
Jeffery estimated costs of the in-vehicle units (IVU) and the
system hardware costs (i.e burried loops in the network). The
general outcome of Jefferg's cost/benefit analysis was that the
system is feasible.

It is important not to forget that all of the above estimates
were made for a traffic system under recurring traffic congestion
conditions, i.e traffic congestion is not caused by an incident.
There was no work related to the estimation of benefits under
non-recurring traffic congestion conditions. Also, previous
international estimates of benefits were related to the network
in question, in other words they were network specific, and these
estimates or magnitudes do not necessarily apply to the network
system in the U.S. per se.

D. PURPOSE OF THE STUDY

The purpose of this study is to evaluate the potential benefits
that could be accrued by an in-vehicle information system that is
able to provide real time traffic information in an actual
network to the driver under Incident and non-incident traffic
conditions.

A real time traffic information system is one that would have
the capability of providing information about travel time on the
shortest route and any other route between each origin and
destination pair in the network.

E. STUDY APPROACH

The flow chart page - 3 -, explains the logical steps that this
study went through.
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When one wants to analyze a network, one usually has two options.
One option is to develop an abstract network which incorporates
the visualization of a hypothetical network with flows on its
links. The other option is to work with a real life network. When
considering a real life network, two kinds of approaches are
available: the simulation modeling approach and the field study
and evaluation approach. Since the field study and evaluation
approach does not give the ability to calculate benefits in an
incident induced condition and makes it very difficult to answer
"what if?" questions, the simulation modeling approach is the
most desirable. The first step in the simulation modeling
approach is to select a simulation test bed, obviously a real
life network. In selecting the site location for the real life
network, a number of factors were taken into consideration. These
factors are listed as follows:

-Interests of the sponsoring agencies; the California
Department of Transportation or CALTRANS and the city of
Los Angeles Department of Transportation or LADOT.

-The location for the PATHFINDER experiment anticipated to
take place in the Los Angeles SMART corridor next year.

-Availability of traffic counts database.
-Existing traffic congestion.
-Size of the network.

It was decided in a meeting held on September 25, 1987 between
CALTRANS, LADOT, and the Institute of Transportation Studies
(ITS) that the network location for this project would be in the
SMART corridor in Los Angeles. The SMART corridor is composed of
the Santa Monica freeway and the surrounding surface street
facilities. There are several advantages in choosing the SMART
corridor. One, the SMART corridor has been the focus of
CALTRANS' and LADOT's current and future traffic improvement
projects. Two, the SMART corridor is the candidate corridor for
the future PATHFINDER experiment. Three, the relative
availability of traffic counts at CALTRANS and LADOT which could
be used in the simulation process when needed. And four, the
traffic congestion and the size of the corridor is sufficient to
give, drivers with information, maneuvering ability when they
want to divert around bottlenecks and avoid congestion. This is
important so that the size of the benefits (e.g time savings) of
an in-vehicle information system will be sound and conceivable.

The question of defining the general spatial and temporal
boundaries were also addressed In the September 25th meeting. It
was agreed that the spatial boundaries would extend from the San
Diego freeway (I-405) on the west end to the Harbor freeway
(I-110) on the east end. The north and the south limits would
extend from Adams Boulevard on the south end to Venice Boulevard
on the north end.

Concerning the time period in which the study would take place,
it was suggested to choose the most congested periods of the day,
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i.e either morning peak period or evening peak period or both.
Because of time and budget constraints only one of the two peak
periods was choosen for analysis. The decision was made to
analyze the A.M. peak period. There are several advantages seen
in choosing the A.M. peak period and they are listed as follows:

-People are more concious about travel time In the morning
in order to not arrive at work late, assuming that most
trips in the morning are work trips.

-Evening trips may be multi-purpose trips or "chain" trips
and they may not be consistent throughout the week as
morning trips are.

-The morning typically has a tighter and higher peak period.

-Generally there is more capacity on the parallel surface
streets in the morning peak period.

The morning peak period extends approximately from 6:30 A.M. to
9:30 A.M. However, as will be explained in later chapters, the
limitations of the computer software selected required that the
analysis begin and end in free flow traffic conditions. In order
to assure this, the period between 6:OO A.M. and 1O:OO A.M. was
chosen for the simulation analysis.

The simulation of the corridor is divided into two systems, the
freeway system and the surface street system. For each system, as
will be explained in chapters II and III, the exact boundaries
were defined and also a simulation software was selected. The
input for each simulation package is generally formed of three
different inputs: supply, demand and control. The output of
simulation will be travel time on the system links (i.e freeway
links and surface street links). The input and output of each
software are discussed in chapters II and III.

As stated previously, traffic congestion can either be of a
recurring type or a non-recurring, incident type of congestion.
Recurring congestion is a result of the daily formation of
bottlenecks on a facility due to traffic demand exceeding the
full physical capacity of the facility. Non-recurring congestion
is a result of bottlenecks developing on a facility due to a
reduction in the full physical capacity of the facility because
of an incident (i.e. accidents, breakdowns). It is easier to
predict the deterministic recurring congestion based on known
past traffic experiences while the non-recurring congestion is
stochastic in nature and thus difficult to predict.

For this study, only incidents on the freeway facility will be
considered because freeway links are more critical in the changes
of the network travel times than Incidents on the surface street
links. An important assumption being made in this study is that
an incident on the freeway system will not affect travel times on
the arterial system because It is assumed that the percentage of
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vehicles diverting to the surface street system is small.

As the flow chart shows there will be two sets of costs: the
incident and the non-incident costs. In the non-incident case
travel time savings could be calculated based on the comparison
of travel time between a certain O-D pair, using different
routes, and the travel time of the shortest route between the
same O-D pair. In the incident case it is assumed that travel
time on the surface streets will not change, so the same travel
time on the surface street links will be used as in the non-
incident case, but the freeway links will have their link travel
time changed (and that is only in the direction where the
incident is introduced, e.g eastbound). With revised freeway link
costs for the Incident case, travel costs will be calculated as
in the non-incident case. All these calculations are performed In
chapters IV and V.

Chapter VI talks about a broader assessment of potential benefits
of the in-vehicle information system and future research in this
field.
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CHAPTER II - FREQSPC SIMULATION OF THE SANTA MONICA FREEWAY

A. INTRODUCTION

1. Objective

The objective of the simulation of the Santa Monica freeway is to
determine realistic travel times for each subsection of the
freeway within the study area for the duration of a peak traffic
period under incident free situation and with a typical incident
situation. Travel times are then to be used as freeway link costs
input to the network model.

2. Process

In order to accomplish the above objective it was necessary to:

-determine freeway east and west study boundaries.
-select modeling approach to simulate the freeway.
-collect data (supply, demand, and control).
-simulate existing conditions on the freeway.
-calibrate input (by cross checking with real life
observations).

-generate and simulate incident scenario on the freeway.
-provide travel time data on the freeway links with
incident and with no incident situation for the network
model.

B. FREEWAY STUDY BOUNDARIES

1. Spatial Boundary Considerations

a. Eastbound

In addition to the considerations in chapter-I for the selection
process of the corridor and its general boundaries, the following
considerations were used to define the final freeway limits:
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(1) Upstream Boundary

It was desirable for the upstream limit, to include the
San Diego-Santa Monica freeway interchange so as to
determine travel times from the San Diego freeway to any
destination (off-ramp) in the eastbound direction of the
Santa Monica freeway.

(2) Downstream Boundary

It was desirable for the downstream limit, to include the
Harbor-Santa Monica freeway interchange so as to determine
travel times from any origin (on-ramp) in the eastbound
direction of the Santa Monica freeway to the Harbor freeway.

Based on above upstream and downstream boundaries the length of
the freeway to be simulated was roughly 10 miles.

(3) Subsection Identification

Except for the first and last subsections of the freeway,
each freeway subsection is identified by two ends: an
upstream ramp and a downstream ramp. The upstream end in the
first subsection of the freeway is the starting point of study on
the freeway (or mainline origin) and the downstream end in the
last subsection of the freeway is the ending point of study on the
freeway (or mainline destination). The length of a subsection is
the distance between the nose of the upstream ramp and the nose
of the downstream ramp. Throughout each subsection the capacity
should be constant (i.e number of lanes in the subsection
does not change). If the number of lanes in the subsection
changes then this subsection is split into two subsections.

(4) C-D Roads Consideration

The Collector-Distributer (or C-D) roads which exist on
both eastbound and westbound directions of the Santa Monica
freeway are used by through traffic to avoid congestion and
therefore Increase the capacity of subsections parallel to the
C-D road. This may enhance the role of information systems and
provide more flexibility for drivers who like to divert and
return to the freeway without continuing their trip using the
surface street system. C-D roads were considered as auxiliary
lanes for the freeway subsections and the capacity of the C-D
lanes was less than the capacity of the mainline lanes. It will
be shown later in this report that subsections of the freeway
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with mainline lanes parallel to the C-D road were found to be
natural bottlenecks, bottlenecks that drivers can avoid during
congestion periods and use the C-D roads If they are not
congested.

(5) Simulation Software Limitations

The simulation software selected have some limitations that play
a role in selecting the freeway boundary for analysis, this will
be discussed later on in this chapter.

b. Westbound

All considerations in the westbound direction are identical to
those in the eastbound direction of the Santa Monica freeway.

2. Temporal Boundaries Considerations

In chapter-I we have discussed the selection of the peak period
used for simulation which was decided to be the morning peak
period 6:OO a.m to 1O:OO a.m. The choice of the time slice period
will depend on how frequently traffic fluctuates. Experience
shows that within a 15 minute period, there are usually not many
abrupt changes occurring in the traffic conditions and one could
observe stationary flow conditions within a 15 minute time
period. It has also been observed that within a 15 minute period
and at a speed of 65 mph or even 55 mph (free flow conditions),
time will be more than sufficient for any driver to traverse the
freeway between mainline origin and mainline destination (or
between San Diego freeway and Harbor freeway).

Selecting a 15 minute time slice period, a four hour time period
(6:OO a.m - 1O:OO a.m) will have 16 time slices. Also, it will be
explained later that setting the starting time at 6:OO a.m and
the ending time at 1O:OO a.m for simulation is related to
limitations of the software that will be used for the simulation
process.

C. MODELING APPROACH

It has been explained in chapter-I that the simulation approach
is the approach to be used for the purpose of this study. This
chapter will discuss the simulation of the Santa Monica freeway,
while the next chapter (chapter-III) will discuss the simulation
of the arterial or surface street network.
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1. Freeway Simulation Models

There are several freeway simulation models which can be used for
different freeway corridor analysis. The paper of May [1987] [7]
described five families of currently available models used for
the purpose of freeway simulation. The reader is referred to this
paper for a comprehensive classification, historical development
of these models and their real life applications. One of the five
families is the FREQ family. The FREQ model is a deterministic
demand-supply model at the macroscopic level that includes
simulation, optimization and user response. Shock wave analysis
is used for analyzing queues. For more details on how the model
works, the reader is referred to May and Wong [l987] [S], and
Imada and May [1985] [9]. A user-friendly interactive PC version
of FREQ called FREQSPC (now version 3.0 has been released) was
used in this study [S].

a. FREQSPC limitations

The FREQSPC has a number of constraints which are necessary to be
taken into consideration when applying FREQSPC to any freeway
analysis:

* the space boundaries of the freeway have to be free of
congestion, i.e free flow conditions on both ends of the
freeway. This is important to assure accurate and reliable
output results and travel times on the freeway links.

* the time boundaries (i.e starting and ending time of the
analysis) also have to be congestion free.

* the length of the freeway should be such that the maximum
number of subsections is 40, this is approximately 10-15
miles.

* the maximum number of inputs and outputs to the freeway
section are each limited to 20.

* the maximum number of time slices is 20.

The FREQSPC limitation of congestion free time boundaries implies
that the time period of analysis should start and end with free
flow conditions. This is necessary to attain accurate results.
Therefore, the study period extends from 6:OO a.m to 1O:OO a.m.
It is assumed that vehicles entering the freeway anywhere will be
able to leave it within 15 minutes under free flow conditions in
the subsections of study. This is an outcome of FREQSPC free flow
boundary assumptions and space limitiations.
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Given the above constraints, objectives and practical
considerations, it was decided that limits may start just west of
the San Diego freeway and extends just east of the Harbor
freeway, approximately 10 miles in length. Figure II-1 shows the
study limits.

D. DATA COLLECTION

The data required for this model is divided into three
different categories: supply, demand and freeway performance
data.

1. Supply Data

a. Data for the Geometric Design of the Freeway

Physical dimensions of the freeway subsections, ramp locations
and number of lanes were determined by strip maps with post
mileage for the freeway corridor under study and the aerial
photographs for the freeway between the eastern and the
western limits. The strip maps and the aerial photographs were
provided by CALTRANS District-7. The strip maps and the
aerials were helpful to notice bad curvatures, nature of the
subsections, further checking on lengths of subsections and
field capacities which were given by CALTRANS.

b. Sunnested Field Capacities for Freeway Ramps and
Subsections

Net capacities including merge and weaving effects were
provided by CALTRANS. In addition to these, C-D road
capacities and on/off ramp capacities were supplied ".

C. Speed-Flow Relationshins

After consultations with CALTRANS about the nature of the
speed-flow relationship for the Santa Monica freeway, the 65
mph speed-flow curve was used in this analysis.

Y Capacities of all single lane on-ramps were taken as 1500 vph,
while capacity of connectors and especialy designed on-ramps
were different and were given by CALTRANS.
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2. Demand Data

a. Ramp and Mainline Counts

For the period of analysis 6:00 a.m - 10:00 a.m, FREQ8PC
requires 16 time slice traffic counts (each time slice is a 15
minute period) for all on and off ramps as well as mainline
origin and mainline destination of the freeway (within the
study limits). This information was obtained from the
following sources:

(1) Existing Database at CALTRANS

CALTRANS has counts for most of the on and off ramps within
the area of study. The traffic counts dated from 1983 to 1988.
These ramp counts were either manually collected or machine
counts (tube counts). All on ramps were controlled within the
study limit. New 15 minute counts were collected at some of
the C-D road locations.

(2) Mainline Counts and Connectors * Counts

In January 1988, Video cameras were already installed by
CALTRANS at the two major freeway interchanges: San Diego-
Santa Monica freeway interchange in the west and Harbor-Santa
Monica freeway interchange in the east. These cameras recorded
traffic between 6:00 a.m- 10:OO a.m, and the tapes were then
analyzed manually at ITS to attain the 15 minute counts for
the mainline origin and destination as well as for all in and
out connector traffic of the San Diego and Harbor freeways.

(3) Missing On/Off Ramp Counts

CALTRANS was not able to supply counts at some of the on/off
ramps. These ramp counts were obtained from the city of Los
Angeles Department of Transportation (LADOT).

It is important to remember that counts used were gathered at
different times of the year and sometimes even from different
years. This of course affects the accuracy of the results.
However, the count database obtained was the best available at

* Connectors are those highway segments that connect one freeway
to another freeway.
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the time when this research was carried out.

(4) Occupancy Data

Occupancy for each origin (on-ramp) in each direction of the
freeway is needed for FREQSPC input. Occupancy is needed in
the form of the proportion of l-passenger, a-passenger, and 3
or more passenger autos, and also the proportion of buses. In
addition to that, the average car pool and bus occupancies are
needed for each origin. Occupancy data was obtained from
CALTRANS.

(5) Freeway Performance Data Needed for the Calibration
Process

( a ) . Bottleneck Location and Travel Time

Real life speed contour map is needed to locate bottleneck
locations and durations and then to compare with the FREQ speed
contour map and queue diagram.

Field measurement speed contour maps as shown in figure II-2
and figure II-3 (for east and westbound Santa Monica freeway
respectively) were obtained by analysis of one day traffic
tachographs (for the same study period, i.e 6:00 a.m -10:00 a.m)
provided by CALTRANS. Real life travel times in minutes between
mainline origin and mainline destination were analyzed from the
tachographs and were plotted against time slices (1 through 16)
as shown in figure II-4 and figure II-5 for eastbound and
westbound directions of the Santa Monica freeway respectively.

Also some descriptive statements about the existing traffic
conditions, congestion, and bottleneck locations and durations
were given by CALTRANS engineers, for example:

* During the morning peak period, traffic is always congested at
subsections of the LaCienega C-D road on eastbound direction
of the Santa Monica freeway and the LABREA C-D road on the
westbound direction of the Santa Monica freeway.

E. SIMULATION PROCESS

1. Code Input

The freeway subsections were coded into FREQBPC using its
interactive processor. The first step taken was to code the
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geometric design features of the freeway for both eastbound and
westbound directions. For each direction there was a separate
FREQ file (each direction will have its own simulation). The next
step was to add the time slice demand data or the 15 minute
traffic counts to each file. Finally occupancy data was also
coded.

2. Check Coded Input

Printouts of the input data before simulation were obtained for
both directions and then were checked with strip maps and aerial
photographs. Counts on the time slice demand output were
rechecked to make sure the correct data was input. Further
automatic checking for the consistency of the number of lanes of
the mainline subsection and the number of lanes of the on/off
ramp is provided by FREQSPC through warning messages.

3. Samples of the Input Printout

In different appendices at the end of this report, the reader
will find sample pages of the geometric design maps, the time
slice demand maps, and the vehicle occupancy maps. Complete maps
for both directions eastbound and westbound of the Santa Monica
freeway are available at ITS, Berkeley.

Appendix -A- entitled "Geometric Design of the Santa Monica
Freeway" shows two sample pages of the output of the freeway
design maps for each direction of the freeway with subsection
name and its number of lanes, length, capacity, speed-flow curve
used (the 65 mph curve) as well as on/off ramp capacities and
their number of lanes. It should be mentioned that all capacities
shown in the complete maps are those capacities after final
calibration. In the eastbound direction of the Santa Monica
freeway, there was a total of 32 subsections, 17 origins
(including mainline origin) and 16 destinations (including
mainline destination). In the westbound, there was a total of 30
subsections, 15 origins (including mainline origin) and 16
destinations (including mainline destination).

Appendix -B- entitled "Time Slice Demand Data" for the eastbound
and westbound directions of the Santa Monica freeway, shows two
sample pages of the time slice counts that are entered in FREQSPC
in hourly rates (i.e each 15 minute count is multiplied by 4).
This is optional, however, because in FREQ8PC it is possible to
enter the counts either on the basis of time slice rate or as
hourly rate.

Appendix -C- entitled "Occupancy Data" shows the occupancy data
at each subsection for both eastbound and westbound directions.
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Occupancy is given as the proportion of l-passenger, 2-passenger,
and 3 or more passenger autos. The proportion of buses is
negligible. In addition, the average car pool and bus occupancies
are given for each origin. Because there was only one on ramp
occupancy data available, the same occupancy values were used for
all on ramps as well.

4. Base Run

Once the input was completed two base runs were made, one for the
eastbound direction and one for the westbound direction of the
Santa Monica freeway. However, the two base runs showed severe
congestion in both directions. Later, in the calibration process,
these runs will be compared to real life data.

F. FREQSPC CALIBRATION

1. Calibration Criteria

The acceptable criteria for FREQSPC calibration was based on
reasonable identification of the freeway bottlenecks and that the
freeway link travel times calculated by FREQSPC would have to be
comparable with the real life freeway link travel times.

a. Bottleneck Identification

The speed contour map was used to identify bottlenecks. In
FREQSPC a speed contour map shows the number 3 in the bottlenecks
to indicate that the speed in the location shown is between 30
and 39 mph. Speeds of 20-29 mph and l0-19 mph usually appear
upstream of the bottleneck. One has to differentiate between
cause and effect. The bottleneck is the cause of the congestion
while the queue behind the bottleneck is the effect. For final
calibration, the advise of CALTRANS was needed to correctly
identify eastbound and westbound bottlenecks locations and
durations.

b. Travel Time

Travel time between mainline origin and mainline destination
(which is the longest distance that one can travel on the freeway
within study limits) was used as the basis for comparison between
FREQ travel times and real life travel times. Since travel times
fluctuate among time slices, a plot between travel time and time
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slice number shows the fluctuation. Comparison is then made
between these two curves.

2. Calibration Process

Since the traffic counts were taken in different times of the
year (different seasons) and some were taken even at different
years, (e.g in some cases, a difference of 3-4 years), the counts
have a problem of lack of consistency. Severe congestion was
shown in the output of FREQ8PC. When the output was checked and
compared with real life freeway performance data, it was not
compatible in terms of the size of congestion caused by
bottlenecks. The traffic counts and the capacities were then
checked again with CALTRANS, but the results were still the same.
CALTRANS explained this by pointing to the observation of their
engineers that traffic flow exhibits multi-level congestion
patterns under recurring traffic conditions and perhaps the data
analyzed was for a heavy traffic day. This observation was true
for both east and westbound directions of the freeway. Capacities
were then modified and revised based upon the advice from
CALTRANS and reference to the 1985 Highway Capacity Manual [l0].
Finally it was decided to use growth factors of .92 for eastbound
direction of the Santa Monica freeway counts and 0.90 for
westbound counts. This was an essential part of the calibration
process and what will be discussed in the following paragraphs is
the final calibrated runs for the non-incident situation.

3. Final Results

a. Eastbound Final Calibrated Run

The portions of the output needed for the purpose of the
following discussion are included in appendix -D- entitled "Non-
incident Final Calibrated Run for Eastbound Direction of the
Santa Monica Freeway" (FREQ8PC output file called EB-FINAL.OUT

complete output is available at ITS). In page -Dl- and
-D2- of

page
the output there is a complete geometric design

description for all freeway eastbound subsections. Pages -D3- to
-DS- show the sequence of important eastbound freeway events
under non-incident congestion conditions. The important freeway
events are summarized in table II-l. The total length of the
eastbound direction of the Santa Monica freeway under study is
52,500 feet shown at the bottom of page -D3-, this is about 9.9
miles length. The average speed in the bottleneck subsection is
35 mph.

The queuing diagram page -D9- shows the congestion pattern. There
are three bottlenecks of which two are major ones: SS#29
bottleneck (Hoover On to Southbound Route 11 Off) which causes
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Table II-1

Important E/B freeway events
under "non-incident" simulation conditions

Freeway event Ref. Time Slice Current Queue build Queue
and its sequence PP# Number Bottleneck up caused by length

Location SS botleneck (miles)
*

l.Congestion commenced D3 3 SSt29 ** SS#28-->SS#26 0.5

?.New bottlenecks D4 4 1) SS#29 SS#28-->SS#23 1.3
form. 2) SS#Zl SS#20-->SS#19 0.5

3) SS#13 part of SS#13 0.1

3.Queues caused by D5 6 1) SS#29 SS#28-->SS#17 3.3
SS#29 and SS#Zl 2) SS#13 SS#12-->SS#7 1.4
collided.

Z.All queues collided D6 8 SS#29 SS#28-->SS#6 6.2
and maximum queue a major
length occurs. bottleneck

5.Queues start to D7 9 1) SS#29 SS#28-->SS#l6 3.8
dissipate 2) SS#l3 SS#13-->SS#7 1.9

S.Free flow condition DS 14

* See Appendix -D-
** SS#29 is a symbol that denotes subsection 29. This symbol will be used

so frequently in this chapter.
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congestion that extends from time slice 3 to time slice 13, and
SS#13 bottleneck (Washington On to Southbound LaBrea Off) which
begins in time slice 4 and ends in time slice 13. The third
bottleneck SS#2l (Arlington On to Western Off) is less severe
than the other two, its effect starts in time slice 4 and ends in
time slice 12. It is noticed that all vehicles are being served
during peak hour flow (i.e no queuing exists at the end of the
analysis period).

Travel times in minutes on freeway links (or subsections) in each
time slice are summarized in FREQSPC output. For example, page
-DlO- shows travel time matrix for time slice 1 (6:00 a.m -
6:15 a.m) between origins and destinations. This matrix is
repeated for the next fifteen time slices.

Superimposing of the travel time from mainline origin to
mainline destination of both the final FREQSPC calibrated run
and the real life data for eastbound direction of the Santa
Monica freeway is shown in figure 11-6. The two curves are close
(difference is about 10% of the travel time). Superimposed speed
contour maps are shown in figure 11-7. When looking at the two
comparisons, it should be remembered that the FREQSPC output
results are compared with only one day real life data.

b. Westbound Final Calibrated Run

The portions of the output needed for the purpose of the
following discussion are included in appendix -E- entitled
"Non-incident Final Calibrated Run for Westbound Santa Monica
Freeway" (FREQSPC output file called WB-FINAL.OUT), complete
output is available at ITS. In page -El- and page -E2- of the
output there is a complete geometric design description for all
freeway westbound subsections. Pages -E3- to -E9- show the
sequence of important westbound freeway events under non-incident
congestion conditions. The important freeway events are
summarized in table 11-2.

The total length of the westbound Santa Monica freeway under
study is 53,860 feet, shown at the bottom of page -E3- , this is
about 10.2 miles.

The queue diagram page -ElO- of the output (appendix -E-) shows
the major bottleneck SS#26 (National Off to Overland Off) with
congestion extending from time slice 5 to time slice 13 and
another three bottlenecks: SS#22 (Fairfax On to LaCienega On)
where congestion starts in time slice 4 and ends in time slice
1 2 , SS#24 (Robertson Off to Robertson On) which causes congestion
from time slice 6 to time slice 12, and SS#l5 (Crenshaw On to
Northbound LaBrea Off) i.e the C-D road bottleneck which starts
in time slice 3 and ends in time slice 10.
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Table II-2

Important W/B freeway events
under non-incident simulation conditions

Freeway event Ref. Time Slice Current Queue build Queue
and its sequence PP# Number Bottleneck up caused by length

Location SS bottleneck (miles)
*

l.Congestion commenced E3 3 ss#15 part of SS#14 0.2

!.New bottlenecks E4 4 1) SS#22 part of SS#21 0.2
2) SS#l5 SS#14-->SS#13 0.8

s.New bottlenecks E5 6 1) SS#26 part of SS#25 0.2
2) SS#24 part of SS#23 0.2
3) SS#22 SS#21-->SS#19 1.1
4) SS#l5 SS#14-->SS#12 1.2

.All queues collided E6 8 SS#26 SS#25-->SS#13 4.4

.Maximum queue length E7 9 SS#26 SS#25-->SS#13 4.5
occurs. (major bot.)

).Queues start to ES 10 1) SS#26 SS#25-->SS#14 4.0
dissipate

.Free flow condition E9 14

* See Appendix -E-
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Superimposing of the travel time from mainline origin to
mainline destination of both the final FREQSPC calibrated run
and the real life data for westbound direction of the Santa
Monica freeway is shown in figure 11-S. The two curves are close
(difference is about l0% of the travel time). Superimposed speed
contour maps are shown in figure 11-9. The fit results were not
as good as those of the eastbound direction of the Santa Monica
freeway.

G. FREEWAY INCIDENT SIMULATION PROCESS

The overall objective of the freeway incident scenario is to
illustrate the potential benefits of an information equipped
vehicle under incident situation. The purpose of this section is
then to demonstrate an incident situation in one of the freeway
subsections in only one direction of travel. Since calibration
results of the non-incident situation have shown to be a better
fit between FREQSPC output and real life data, and provided that
traffic is likely to be heavier in the eastbound direction (going
to down-town Los Angeles) in the morning, the eastbound direction
was the candidate for introducing the incident.

1. Incident Scenario

a. Incident Location

In order to select the subsection in which to introduce the
incident. The following criteria was used:

- It is not favored to have the subsection location at or near
to either end of the freeway study limits. Because that is
more likely to cause boundary congestion, which gives
inaccurate results and makes it difficult to simulate the
freeway traffic conditions.

- Increase the opportunity for drivers to divert from and return
to the freeway.

- For demonstration purposes, it is desirable to select a
subsection which is not already congested.

Given the above constraints, a number of trials were made and it
was decided that subsection 12 (Venice On to Washington On) is a
good candidate for this demonstration. It is theoretically
possible to demonstrate an incident situation in any subsection
of the freeway, however, travel time savings and the diverting
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ability will be different.

The incident on the freeway can take many forms. For example a
vehicle stopped in one of the lanes, a rear end collision
accident, or freeway surveillance blocking one lane...etc. When
an Incident occurs in one of the freeway lanes, it causes a
certain reduction in the capacity of the subsection which
contains that lane. The reduction in capacity is instantaneous in
the time slice in which the incident occurs. The capacity
gradually increases, when the incident is cleared by police and
emergency, until the capacity of the subsection retains its
original level.

b. Incident Severity

FREQSPC space and time limitations (i.e congestion free
boundaries) does not allow to introduce a major incident, for
example an accident that blocks two or more lanes in a four lane
subsection for more than one hour. Also the introduction of the
incident in a time slice when the freeway is heavily congested is
desirable, because the flow will be critical and close to
capacity. Introducing the incident in free flow conditions, e.g
time slice 1,2 or 15, will not have a major effect in the
formation of the new bottlenecks or making significant travel
time differences between incident and non-incident situation.

C. Incident Duration

Finally, it was decided that an incident would be introduced In
SS#l2 in time slice 3 (6:30-6:45), just before traffic starts to
get heavy, and continues for 45 minutes for a total of three time
slices. It is an incident with capacity changes as the following
table II-3 suggests:

Table II-3

Time slice Net capacity after reduction (Vph)

3 5000
4 5000
5 5500

Subsection 12 is a five lane subsection with physical capacity of
9300 vph in the natural and non-incident condition. After the
incident occurs, there is a 4300 vph loss of capacity (for half
an hour), this is about 46.2% loss in capacity, i.e more than two
lanes are blocked. In time slice 5, capacity starts recovering
(5500 vph) because police and emergency are in the process of
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clearing the incident and by time slice 6, SS#l2 retains its
original capacity of 9300 vph.

2. Final Incident Simulation Run

Portions of the output run EB-FINC.OUT are in appendix -E-
entitled "Incident Final Run for Eastbound Direction of the Santa
Monica Freeway". In time slice 3, page -Fl-, SS#l2 (Venice On to
Washington On) became a new bottleneck causing queue to build up
from SS#ll (Fairfax Off to Venice On) to SS#7 (National On to
Southbound LaCienega Off). In time slice 5 the queue reaches part
of SS#l (Mainline Origin to Route 405 On) but does not cover it
all, therefore still not violating FREQ8PC limitations.

In time slice 6 p a g e -F2- SS#l2 is no longer a bottleneck
(demands7559 vph and less than subsection capacity of 9300 vph).
New three bottlenecks form: SS#13 (Washington On to Southbound
LaBrea Off), SS#21 (Arlington On Western Off) and SS#29 (Hoover
On to Southbound Route11 Off). Subsection 29 was known to be a
major bottleneck from the recurring congestion analysis of table
II-l. Subsection 13 makes the congestion even worse for vehicles
that already suffered from the incident delay. As soon as drivers
get out of SS#l2 , vehicles are hit by another natural bottleneck
in SS#l3 and drivers suffer from further delay again.

In time slice 8, page -F4-, the queue caused by the bottleneck of
SS#13 starts to dissipate but builds up again In time slice 11,
page -F7- and dissipates again in time slice 12, page -F8-. In
time slice 9. page -F5- the queue caused by SS#2l starts to
dissipate and disappears completely in time slice 10. The queue
caused by bottleneck SS#29 also starts to dissipate In time slice
10 and disappears completely in time slice 13. In time slice 12
queues caused by bottleneck in SS#12 begins to dissipate and
disappears completely by time slice 16. In time slice 16, page -
F9-, the freeway is almost congestion free. The above analysis is
summarized in table 11-4.

The queue diagram page -FlO- graphically summarizes the previous
discussion and shows the four bottleneck locations: SS#12, SS#13,
SS#2l, SS#29 with their durations. Since SS#13, SS#2l and SS#29
were also bottlenecks in the recurring congestion condition, it
might be helpful to compare their durations under non-incident
and incident FREQ8PC simulation conditions. The comparison is
shown in table 11-5.

3. Final Results

From table 11-5, it can be seen that bottlenecks of SS#2l and
SS#29 have less congestion effects in the incident simulation
than in the non-incident simulation, but the congestion In the
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Table II-4

Important E/B freeway events
under "incident" simulation conditions

Queue
length
(miles)

Freeway event
and its sequence

Ref.
pp#

+

Fl

Current
Bottleneck
Location

Queue build
up caused by
SS bottleneck

rime Slice
Number

3 SS#ll-->SS#17 0.8l.Congestion starts
suddenly as incident
occurs in SS#l2

2.Queue reaches SS#l
but does not cover
it all.

3.New bottlenecks

SS#ll-->SS#lF2

F3 6 1) SS#29
2) SS#2l
3) SS#13

SS#28-->SS#26
SS#20-->SS#19
SS#l2-->SS#l

0.6
0.4
4.1

4.Queues caused by
starts to dissipate

F4 8 1) SS#29
2) SS#21
3) SS#13

SS#28-->SS#22
SS#20-->SS#19
SS#l2-->SS#l

SS#28-->SS#22
SS#20-->SS#19
SS#12-->SS#2

1.6
0.7
3.9

1.7
0.3
3.5

5.Queue caused by
bottleneck SS#21
starts to dissipate

F5 1) SS#29
2) SS#21
3) SS#l3

6.Queue caused by
SS#29 starts to
dissipate.

F6 1) SS#29
2) ss#13

SS#28-->SS#22
SS#12-->SS#3

7.Free flow condition F9 16

* See Appendix -F-
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Table II-5

Comparison between duration of common E/B bottlenecks
under non-incident and under incident simulation conditions

3 12 165 min. 6 12 105 min.
29 6:30 - 6:45 8:45-9:00 (2.75 hrs) 7:15 - 7:30 8:45 - 9:00 (1.75 hrs)

1
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non-incident simulation lasts longer (this can be verified by
comparison of incident and non-incident queue diagrams previously
discussed for the eastbound direction). Conversely SS#13 has
longer congestion effects in the incident simulation condition
than in the non-incident simulation condition. This is expected
since the new incident induced in SS#12 created a dam for the
upstream traffic that prohibited vehicles to proceed to the
downstream natural bottlenecks in SS#21 and SS#29. Since SS#13 is
located downstream of SS#l2, immediately after the the incident
location, then obviously it is going to be worse than everyday
congestion, because this bottleneck must handle the traffic that
suffered from the incident delay which rushes through it after
the traffic is released.

H. SUMMARY RESULTS OF THE FREEWAY SIMULATION PROCESS

1. Input Requirements of the Network Model

The main output of this chapter was the travel times on both
directions of the Santa Monica freeway links under non- Incident
situation and also the travel times for eastbound direction of
the Santa Monica freeway links under incident induced situation.
These are the input requirements for the network model discussed
in chapter IV.

a. Non-incident Situation

(1) Eastbound Direction of the Santa Monica Freeway Travel Time
Matrix:

For each time slice one through sixteen, in the non-incident
situation, travel time between origins and destinations was
estimated for each of the 164 cells shown In the travel time
matrix, page -DlO- of the output for non-incident simulation of
eastbound direction of the Santa Monica freeway, appendix -D-.
Producing this matrix for 16 time slices yields a total of 2624
cells to be filled with estimated travel times between any
upstream origin and any downstream destination.

(2) Westbound Direction of the Santa Monica Freeway Travel Time
Matrix:

Similarly, for each time slice one through sixteen, In the non-
incident situation, travel times between origins and destinations
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were estimated for each of the 160 cells shown In the travel time
matrix, page -Ell- of the output for non-incident simulation of
westbound direction of the Santa Monica freeway, appendix -E-.
Producing this matrix for 16 time slices yields a total of 2560
cells to be filled with estimated travel times between any
upstream origin and any downstream destination.

There will be a total of 5184 travel time cells for both
directions with non-incident situation, this number represents
all possible travel times on freeway links, and the cells of the
matrices are the input for the network model under non-incident
simulation conditions.

b. Incident Situation

This will be done only for the eastbound direction and the same
total number of cells in the travel time matrices for 16 time
slices as in the non-incident case, i.e 2624, will have to be
calculated again using FREQ under incident situation. Westbound
freeway link costs are assumed to stay as they were In the non-
incident condition, because the incident is Introduced only In
the eastbound direction. Figure II-10 shows the stack of 16
matrices for the eastbound direction with each matrix composed of
164 cells for the two cases under incident and under non-incident
congestion conditions.
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CHAPTER III - SURFACE STREET TRAVEL TIMES

A. INTRODUCTION

This chapter discusses the processes undertaken for the in-
vehicle navigation project In estimating vehicle travel times on
individual links of the arterial network. Figure III-1 outlines
these processes. The objective in selecting the appropriate
arterial network was to choose an adequate network of surface
street facilities adjacent to the Santa Monica freeway (I-10)
that would provide alternate routes for freeway travellers. These
alternate routes are either actually utilized by local drivers
today or have the potential of being utilized by local drivers
equipped with an in-vehicle information system.

The arterial network was chosen In conjunction with the City of
Los Angeles' Department of Transportation (LADOT), without whose
cooperation this portion of the project would not have been
possible. The overall size of the network was limited by data
availability and manpower constraints.

A computer simulation model was utilized (see "MODELING
APPROACH", p.41) in order to create and save for possible uses
in the future a simulation test bed for the arterial network (see
chapter I). A speed/delay study would provide link travel times
just as the simulation model does. However, possible future
studies of looking at corridor equilibrium, for Instance, will
require a computerized simulation test bed. Also, the simulation
test bed can be used for future ATSAC (Automated Traffic
Surveillance and Control) planning and demonstration studies
of in-vehicle information systems In Los Angeles. A speed/delay
study was performed by LADOT for model calibration purposes (see
"CALIBRATION PROCESS", p.46).

B. STUDY NETWORK

Three major east/west surface arterials parallel to the Santa
Monica freeway were selected along with the major north/south
arterials intersecting the east/west arterials at signalized
intersections and intersecting the Santa Monica freeway at
signalized on/off ramps (see Figure 111-S).

The three major east/west parallel arterials chosen were:
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1. Adams Boulevard:

Approximately 0.1 - 0.4 mile south of the Santa Monica
freeway, traversing 5.5 miles from Fairfax Avenue on the west end
to Flower Street on the east end of the project.

2. Washington Boulevard:

Approximately 0.2-0.5 mile north of the Santa Monica freeway,
traversing 5.9 miles from Fairfax Avenue on the west end to
Figueroa Street on the east end of the project.

3. Venice Boulevard:

Extending south of the Santa Monica freeway from the San Diego
freeway (I-405) on the west end of the project at Sawtelle
Boulevard, to north of the Santa Monica freeway on the east
end of the project at Figueroa Street, traversing a distance
of 9.5 miles. Also, Palms Boulevard and National Boulevard on the
west end of the project south of the Santa Monica freeway were
chosen to be included in the network in order to provide
continuity in the network on the west end.

Twenty one major north/south arterials selected to be included in
the network are (from west to east):

1)Sawtelle Blvd.
2)Sepulveda Blvd.
3)Overland Ave.
4)Hughes Ave.
5)Robertson Blvd.
6)National Blvd.
7)La Cienega Blvd.
8)Cadillac Ave.
9)Fairfax Ave.
10)Apple St.
ll)Hauser Blvd.
12)La Brea Ave.
13)Vinyard/San Vicente Blvd.
14)Crenshaw Blvd.
15)Arlington Ave.
16)Western Ave.
17)Normandie Ave.
18)Vermont Ave.
19)Hoover St.
20)Figueroa St.
21)Flower St.
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The network is composed of eighty (80) signalized intersections
or nodes and over five hundred sixty (560) links. Due to the
constraints on selecting the size of the network (see "MODELING
APPROACH",p.43) there are signalized intersections ("minorn

intersections) not chosen to be included in the network located
in between the eighty nodes selected to comprise the network.
Table III-1 is presented showing the average link distances
between the signalized intersections included in the network and
the proportion of signalized intersections in-between that are
not included.

The added delays for the "minor" signalized intersections not
included in the TRANSYT model were analyzed separately (i.e.
speed/delay study) and later added to the link travel times
utilized by the network model described in chapter four.

Due to time constraints, the final analysis deals only with
eastbound trips occurring in the morning peak period (6-10 A.M.).

C. MODELING APPROACH

The computer model used for this in-vehicle navigation project to
simulate the arterial network is the TRANSYT model, version 7F
release 5.0, modified to provide for a one hundred node
capability and for an actuated signal capability (see
description below). The acronym "TRANSYT-7F" stands for TRAffic
Network Study Tool, version 7F where the "Fn indicates that this
is the FHWA version of TRANSYT-7.

Another project ongoing concurrently in the Institute of
Transportation Studies at the University of California, Berkeley
during the time of this project was the modification of TRANSYT-
7F, release 5.0, the purpose of which was to enable the model to
simulate actuated signals in a network. This modified version of
TRANSYT-7F is entitled TRANSYT-7FC. A preliminary working version
of TRANSYT-7FC (November 1987) was utilized for this project.
The preliminary working version of TRANSYT-7FC was deemed to be
in satisfactory working order to be utilized for the in-
vehicle navigation project. See Appendix G for a description of
this modification to TRANSYT-7F.

The standard dimensions of TRANSYT-7F can handle up to fifty
nodes and two hundred fifty links. In order to analyze a network
larger than this two options are available: expand the dimensions
of the program or divide the network into two or more smaller
sections.
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TABLE III-1
AVERAGE LINK DISTANCES AND
NUMBER OF NODES EXCLUDED

E/W Arterial No. of Nodes Average * "Minor* Nodes
Included TRANSYT Not Included
In Network Link In Network

Distance (mi)
No. Percent

-----------------------------------------------------------------

Adams Blvd 9 0.69 10 53%

Washington Blvd 11 0.59 11 50%

Venice Blvd 19 0.53 17 47%

_ _ _ _ _ _ _ - - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* These nodes are the signalized intersections included in the
LADOT speed/delay field study but not included in the TRANSYT
network and only those with a measured stop delay in the LADOT
field study greater than zero.
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For this in-vehicle navigation project, the dimensions of the
TRANSYT-7F model modified to handle actuated signals were
expanded to accommodate one hundred nodes and six hundred links
(hereafter simply referred to as the TRANSYT model).
Theoretically, the dimensions of the program could be expanded
further. However, the size of the network is limited due to time,
budget, and data availability constraints.

The specific output from the TRANSYT model that is needed to
calculate trip costs are the link distances, cruise speeds, and
the link average delay. The total travel time for a particular
vehicle from an upstream node to a downstream node is the non-
delay travel time at cruise speed over the length of the link
plus the average delay for that particular link at the downstream
node. A particular trip cost through the arterial network is thus
the summation of the total travel times for each link that the
trip traverses.

D. DATA COLLECTION

The data required for the TRANSYT model can be summarized as
follows:

-Demand Parameters

-Supply Parameters

-Control Parameters

All data required for the TRANSYT model was provided by the city
of Los Angeles' Department of Transportation (LADOT).

1. Demand Parameters

The demand parameters consist of traffic volumes per link in the
network. Turning movement counts were provided for eighty (80)
signalized intersections. The counts utilized consist of hourly
passenger car and pedestrian volumes extending from 7-10 A.M.
in the morning for all four approaches to the intersection.
Traffic volumes for the 6-7 A.M. period were estimated by
reducing the 7-8 A.M. counts by twenty percent.

Heavy vehicle counts provided consist of the total number of dual
wheeled vehicles and buses observed over the peak period for each
approach. Heavy vehicle volumes were generally less than five
percent of the total volumes per approach and thus were not
converted to passenger car equivalents as per the TRANSYT user's
manual. The dates of the counts taken ranged from January 1985 to
December 1987.
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2. Supply Parameters

The SUPPLY parameters consist of the number of lanes and the
ideal saturation flows per link for each intersection approach.
The saturation flows used for each link come as a result of
recommendations from the TRANSYT user's manual and from
discussions with LADOT over a period of several months during
the calibration of the model (see "CALIBRATION PROCESS", p.46).
Table III-2 summarizes the general guidelines established for
saturation flows. Other network data required are link distances
and cruise speeds along links.
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TABLE III-2
IDEAL SATURATION FLOWS

Movement Type Ideal Saturation Flow
(vphgpl)

-----------------------------------------------------------------

Exclusive Thru 1700

Exclusive Left (Protected) 1600

Exclusive Right 1450

Shared Thru-Right 1700

Shared Thru-Left (See Note 1)

Exclusive Left (Permitted) (See Note 2)

Note 1

Saturation Flows for shared thru-left movements were calculated
by reducing the ideal saturation flow for an exclusive thru
movement (1700) by applying a left turn factor. The left turn
factor was calculated utilizing procedures in the 1985 Highway
Capacity Manual (chapter 9) via the Highway Capacity Software
package for signalized intersections. An absolute minimum of 450
vphgpl is used as a result of advice from the city of Los
Angeles' Department of Transportation.

Note 2

Saturation flows for exclusive left turning movements with
permitted phasing was calculated based upon the relationship
of the exclusive left permitted saturation flow rate versus the
opposing flow rate. This relationship was depicted in a 1988
Transportation Research Board paper entitled "CALSIG - An
Introduction of Methodologies for the Design and Analysis of
Signalized Intersections"; written by Michael J. Cassidy and
Professor A.D. May of the Institute of Transportation Studies,
University of California, Berkeley.

This saturation flow rate versus opposing flow rate relationship
is taken directly from procedures outlined in the 1985 Highway
Capacity Manual. Again, an absolute minimum of 450 vphgpl is
used.
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3. Control Parameters

The control parameters required for the TRANSYT model consist of
signal timing data such as interval lengths, minimum phase
durations, cycle lengths, offsets/yield points, reference
intervals, type of signal control (i.e. pretimed, semi-actuated,
or fully actuated), and phase sequencing.

E. SIMULATION PROCESS

The initial pre-calibrated simulation of the arterial network
simply involves the data collection as described in the previous
section and the coding of the data into the TRANSYT model.

The data collection procedures began on September 25, 1987 with a
"kick-off" meeting in Los Angeles, California with
representatives from the three major parties in this project
being present, namely; the Institute of Transportation Studies at
the University of California, Berkeley (ITS), the City of Los
Angeles' Department of Transportation (LADOT), and the State
Department of Transportation (CALTRANS) . At this meeting, the
scope of this project and the data requirements and
collection responsibilities were agreed upon between the major
parties listed above.

Specifically for the arterial network, data began to be received
at ITS from LADOT in October/November of 1987. Data input into
the TRANSYT model began concurrently in November of 1987. By
February 18, 1988, seventy four (74) intersections (or nodes) had
been coded into the TRANSYT model and the first of two meetings
with LADOT concerning calibration of the TRANSYT simulation had
been held.

F. CALIBRATION PROCESS

After the coding of the network into the TRANSYT model and the
initial simulation run is made, calibration of the model is
required if the results from the TRANSYT simulation do not
portray real-life conditions to the degree of accuracy desired.

The calibration of the TRANSYT simulation was based upon the
resultant travel times from the TRANSYT simulation for the
eastbound and westbound thru links for the three major east/west
arterials included in this study (Adams Blvd., Washington Blvd.,
and Venice Blvd.) and the results from a speed/delay study
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performed by LADOT from September 1987 to March 1988 on the same
thru links for the same three major east/west arterials.
Calibration was also based upon the knowledge of local traffic
conditions by experienced LADOT engineers.

For comparison purposes, the LADOT field study link travel times
were adjusted for the "minor" intersections along the east/west
arterials that were not included in the coding of the TRANSYT
network (see "STUDY NETWORK", p.37). The adjustment consisted
of subtracting the average stopped delay at the
"minor" intersections (as measured in the field study)
and the deceleration/acceleration delay per stop
(estimated at 10 set/stop) at the "minor" intersections
from the field study average link travel time. These adjusted
field study link travel times were then compared to the TRANSYT
simulation link travel times as a basis for the determination
of accuracy of the TRANSYT simulation.

As stated earlier in the "Study Network" section on page 41, the
delays at the "minor w intersections were added to the TRANSYT
link travel times before downloading the link travel times into
the network model.

Comparisons between the field study and TRANSYT simulation
eastbound link travel times for Adams Blvd., Washington
Blvd., and Venice Blvd. can be found in figures III-3 through
III-5 on page 50-52.

As stated in the previous section, by February 18, 1988, seventy
four nodes had been coded in the network and the first of two
meetings with LADOT concerning calibration was held. By April 8,
1988, eighty (80) nodes had been coded into the TRANSYT model and
the second meeting with LADOT concerning calibration had been
held.

The first calibration meeting with LADOT on February 18, 1988
consisted of reviewing various output from the TRANSYT simulation
with LADOT personnel and evaluating the output based on the
knowledge and experience of the local LADOT personnel. The
TRANSYT output primarily reviewed was the degree of
saturation, or v/c ratio, per link. Links from the TRANSYT
simulation with degrees of saturation greater than or equal
to ninety percent (906) were particularly addressed to check
with known existing field conditions. There were no known
oversaturated links in the field that were not depicted in
the TRANSYT simulation. A weakness with the TRANSYT model
is that when an intersection becomes oversaturated, the
estimations of intersection delay become less accurate. After
the final calibration was completed, intersections with
oversaturated links did exist, particularly left turning
movements.

Before the calibration meeting on April 8, 1988, the results from
the LADOT speed/delay field study had been forwarded to the
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Institute of Transportation Studies and the average link travel
times from the field study had been compared with the TRANSYT
simulation link travel times for the eastbound and westbound thru
movement links for the three major east/west arterials. These
comparisons were the primary focus of this calibration meeting.

A TRANSYT optimization run (7-8 A.M.) was made as a check for any
gross errors in coding the input data that might have
occurred improvements in the performance index (and thus
travel times) were to exceed certain percentage, say
fifteen to twenty percent (15%-20>), then this could be
an indication that erroneous data had been coded in the
TRANSYT model. For the network a whole there was an
approximately twenty percent (2O%) improvement in the
performance index. For the eastbound (and westbound) thru
movements specifically, generally no significant improvement
was made in the optimization run. By May 6 , 1988, final
calibration adjustments had been made and the final TRANSYT
simulation results had been sent to LADOT.

G. RESULTS

The specific output of interest from the TRANSYT simulation model
IS the total travel time per link in seconds per vehicle
(sec/veh). The total travel time per link is composed of the free
flow travel time upstream of an intersection plus the turning
movements delay at the intersection. Since the TRANSYT output is
in vehicle-hours per hour (veh-hr/hr), it is converted to
sec/veh by dividing the link total travel time in veh-hr/hr
by the link flow in veh/hr and multiplying by 3600 sec/hr. A
total trip cost is the summation of travel times for all links
traversed in a particular trip.

Eastbound (and westbound) thru link travel time comparisons were
made between the LADOT field study (7-9 A.M.) and the TRANSYT
model (7-8 A.M.) results for the three major east/west arterials.
The results are shown on figures 111-3, 111-4, and III-5 on pages
50-52 (and figures H-l, H-2, and H-3 in appendix H). An
explanation of these figures is as follows. Tables III-3
thru III-7 on pages 53 thru 56 accompany figures III-3,4 and 5.

PS : LADOT field study eastbound (or westbound) thru link travel
times including delays at "minor" intersections not coded in
the TRANSYT model.

FS (-1 : LADOT field study eastbound (or westbound) thru link
travel times adjusted by subtracting delays at the
"minor" intersections not included in the TRANSYT
network.

T7F SIM : The TRANSYT simulation (7-8 A.M.) eastbound thru link
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travel times.

T7F OPT : The TRANSYT optimization (7-8 A.M.) eastbound thru link
travel times.

The TRANSYT simulation was compared to the adjusted field study
for model calibration purposes. Tables III-3,4, and 6 on pages
54 thru 56 show the actual arithmetic differences in eastbound
thru link travel times between the adjusted LADOT field study
and the final calibrated TRANSYT simulation for Adams,
Washington, and Venice Boulevards. Table III-7 summarizes the
differences between these travel times. As noted in the
title, the values in table III-3 are absolute values.

Traversing the entire length of Adams Blvd. on the eastbound thru
links from Fairfax Ave. to Figueroa St. (5.5 ml), the TRANSYT
simulation cumulative travel time is approximately 55 seconds
(0.92 min) or 7% less than the adjusted LADOT field study.
Traversing the entire length of Washington Blvd. on the eastbound
thru links from Fairfax Ave. to Figueroa St. (5.9 ml).
the TRANSYT simulation cumulative travel time is
approximately 19 seconds (0.32 min) or 2$ greater than the
adjusted LADOT field study. Traversing the entire length of
Venice Blvd. on the eastbound thru links from Sawtelle Blvd.
to Figueroa St. (9.5 ml), the TRANSYT simulation cumulative
travel time is approximately 170 seconds (2.8 min) or 11% less
than the adjusted LADOT field study.

Also, as shown on figures 111-3, 4, and 5, the eastbound thru
link travel times did not significantly vary between the TRANSYT
optimization and the TRANSYT simulation.

The results of the TRANSYT simulation (i.e. link travel times)
were considered to be within the degree of accuracy needed for
the purposes of this study.
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TABLE III-3
CROSS STREET IDENTIFICATION

EASTBOUND TRANSYT
CUMULATIVE CROSS INTERSECTION

ARTERIAL DISTANCE (mi) STREET NODE NUMBER
------------------------------------------------------------------

Adams Blvd. 0.0 Fairfax Ave. 49
1.1 La Brea Ave. 44
2.1 Crenshaw Blvd. 38
3.1 Arlington Ave. 33
3.6 Western Ave. 28
4.1 Normandie Ave. 23
4.6 Vermont Ave. 18
5.0 Hoover St. 13
5.5 Figueroa St. 7

Washington Blvd. 0.0 Fairfax Ave. 48
0.1 Apple St. 46
0.6 Hauser Blvd. 76
1.4 La Brea Ave. 41
2.4 Crenshaw Blvd. 35
3.1 Arlington Ave. 30
3.6 Western Ave. 25
4.1 Normandie Ave. 20
4.6 Vermont Ave. 15
5.1 Hoover St. 9
5.9 Figueroa St. 2

Venice Blvd. 0.0 Sawtelle Blvd. 73
0.2 Sepulveda Blvd. 72
0.9 Overland Ave. 66
1.5 Hughes Ave. 60
2.0 Robertson Blvd. 58
2.2 National Blvd. 57
2.9 La Cienega Blvd. 53
3.2 Cadillac Ave. 50
3.5 Fairfax Ave. 45
4.2 Hauser Blvd. 75
5.0 La Brea Ave. 40
5.4 Vinyard/San 39

Vicente Blvd.
6.0 Crenshaw Blvd. 34
6.6 Arlington Ave. 29
7.1 Western Ave. 24
7.6 Normandie Ave. 19
8.1 Vermont Ave. 14
8.5 Hoover St. 8
9.5 Figueroa St 1

----------------------------------------------------------------
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TABLE III-4
ADAMS BOULEVARD

EASTBOUND THRU LINK TRAVEL TIMES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR INDIVIDUAL INTERSECTIONS

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CUMULATIVE ADJUSTED L.A. TRANSYT ARITHMETIC
DISTANCE (mi) FIELD STUDY SIMULATION DIFFERENCE

INAL CALIBRATION
-----------------------------------------------------------------

1.1 153.1 150.6 -2.5
2.1 134.8 125.1 -9.7
3.1 140.9 129.5 -11.4
3.6 59.4 69.0 +9.6
4.1 91.4 76.0 -15.4
4.6 71.9 78.6 t6.7
5.0 59.3 61.5 t2.2
5.5 114.7 80.2 -34.5
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

825.5 770.5

TABLE III-5
WASHINGTON BOULEVARD

EASTBOUND THRU LINK TRAVEL TIMES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR INDIVIDUAL INTERSECTIONS

_ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CUMULATIVE ADJUSTED L.A. TRANSYT ARITHMETIC
DISTANCE (mi) FIELD STUDY SIMULATION DIFFERENCE

INAL CALIBRATION

0.1 33.6 29.8 -3.8
0.6 58.3 63.2 t4.9
1.4 105.3 111.1 t5.8
2.4 125.6 126.3 to.7
3.1 110.2 119.1 t8.9
3.6 58.5 72.9 t14.4
4.1 78.3 73.9 -4.4
4.6 85.2 81.3 -3.9
5.1 62.2 58.5 -3.7
5.9 106.8 107.2 to.4
___--_-------------------------------------------------------------

824.0 843.3
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TABLE III-6
VENICE BOULEVARD

EASTBOUND THRU LINK TRAVEL TIMES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR INDIVIDUAL INTERSECTIONS

__________-_-------------------------------------

CUMULATIVE ADJUSTED L.A. TRANSYT ARITHMETIC
DISTANCE (ml) FIELD STUDY SIMULATION DIFFERENCE

FINAL CALIBRATION
__----------------------------------------------------------------

0.2 33.6 44.9 +11.3
0.9 97.2 100.8 +3.6
1.5 68.9 72.7 +3.8
2.0 110.1 90.2 -19.9
2.2 35.3 22.0 -13.3
2.9 124.4 103.0 -21.4
3.2 55.0 61.0 +6.0
3.5 51.6 46.1 -5.5
4.2 81.7 80.8 -0.9
5.0 82.9 89.4 +6.5
5.4 68.9 75.0 +6.1
6.0 113.0 91.0 -22.0
6.6 95.4 87.6 -7.8
7.1 136.8 69.2 -67.6
7.6 61.8 70.3 +8.5
8.1 98.9 79.6 -19.3
8.5 96.0 67.0 -29.0
9.5 143.3 134.2 -9.1
________________------------------------------------------------

1554.2 1384.8 ABS=261.6
TOT
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TABLE III-7
EASTBOUND THRU LINK TRAVEL TIME DIFFERENCE BETWEEN

ADJUSTED LADOT FIELD STUDY AND FINAL CALIBRATED TRANSYT
SIMULATION (Absolute Value) (sec/veh)

ARTERIAL Average Maximum Minimum
-----_---_______---_---------------------------------------------

Adams Blvd.
(8 intersections)

11.5 34.5 2.2

Washington Blvd.
(10 intersections)

5.1 14.4 0.4

Venice Blvd.
(18 intersections)

14.5 67.6 0.9

_ _ _ - - - - - - - - _ _ _ - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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CHAPTER IV - NETWORK MODEL

A. INTRODUCTION

This section describes the project task in which:

1. Data from the TRANSYT and FREQ models were incorporated into a
network database.

2. The costs of various routes through the network are compared.

The computer programs were developed to merge output files from
TRANSYT and FREQ with the network data base, and to find shortest
and user-specified path costs through the network. The database
itself was maintained in a spreadsheet format.

B. NETWORK DESIGN

The network used in this part of the project is similar to the
network specified in the TRANSYT and FREQ models. It incorporates
the arterial streets included in the TRANSYT model, and all
freeway sections and ramps included in the FREQ model, into a
single network representation of the corridor.

A computer program, called PATHNET, was used to find minimum cost
routes through the corridor, and to tabulate the cost of user-
specified routes. PATHNET is a prototype version of a
generalized network analysis package written in Macintosh
Fortran. Since PATHNET was designed to handle fully-directed,
“generic" networks, as well as networks that are representations
of urban traffic, the network representation in the PATHNET
format is different from the TRANSYT and FREQ network
representation in several respects.

PATHNET uses a fully directed graph (unidirectional links) to
facilitate the representation of turn movements, the
implementation of turn prohibitions or penalties, and the super-
imposition of different values of stopped delay for different
time slices. This representation requires eight nodes and twelve
internal turning movement links to make up a single intersection.
This group of links and nodes is equivalent to the 12-link
arrangement well known to users of TRANSYT, (see appendix I).

These clusters of nodes and links, representing intersections,
are combined with nodes and links representing segments of
arterials between signalized intersections, freeway sections, and
ramps, into a complete network model of the corridor. In a
combined network, illustrated in Figure IV-l, some of the links





59

represent arterial through movements, others represent freeway
sections, and others represent ramps. A travel cost is
associated with each link in the network. This cost is the
travel time; the source for each link travel time is different,
depending on the link type.

Each node in the network is numbered. Each link in the network
has several attributes associated with it.

. Origin node number and destination node number.

. A travel cost, determined in various ways.

. A link type.

Although this type of representing the street network adds to the
number of nodes and links, the added complexity of the database
iS offset by a decrease in the complexity of the algorithms
required to compute minimum cost routes and travel times .

The generic, fully-directed network allows a generalized minimum
cost algorithm to find its way through the network without
producing inadvertent loops or U-turns. In addition, at
intersections, it allows each link representing a turning
movement to be assigned a separate cost.

As mentioned above, a travel cost is associated with each link in
the network. This travel time is obtained by different means,
depending on the link type:

1. Turning Movement Links

The travel time for these links was obtained directly from the
TRANSYT model link performance output statistic "average delays*',
with additional travel time added to certain links to account for
mid-link signalized intersections not included in the TRANSYT
model. Since TRANSYT calculates average delay by taking the
average total link travel time, which includes average traffic
signal delays, and subtracting the average free-running travel
time, the average delay statistic can be incorporated directly
into the PATHNET model as the travel time for turning movement
links. If the free-running travel time is used as the travel
time for arterial through links in PATHNET, then the travel cost
of successive pairs of arterial through and turning movement
links in PATHNET will be the total travel time between
intersections. The value of the arterial through link cost will
represent the free-running component of the travel time, and the
turning movement link cost will represent the delay part of the
travel time.
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2. Arterial Through Links

The cost for these links was the free-speed travel time, obtained
by dividing the length of the link by its operating speed. The
operating speed was assumed to be 30 mph for all arterial links
in the network. Lengths of the links were obtained from maps.

3. Freeway Links

The cost of these links is obtained directly from FREQ model
output, which prints the travel time for each freeway section.
The network model is constructed so that each PATHNET freeway
link corresponds directly to a FREQ model freeway section. In
this way the freeway links in the PATHNET model can be updated
directly from FREQ data for each of the 16 time slices in both
the recurring and non-recurring congestion scenarios.

4. Entrance and Exit Ramps

Travel times for these link types were calculated using a
constant acceleration/deceleration model. A value of 5 feet/sec2

was used. For an entrance ramp, the time was calculated for the
vehicle to travel the length of ramp while accelerating from 20
towards a maximum of 60 mph, and, if any distance remained on the
ramp, for traveling the remaining distance at a constant speed of
60 mph. For exit ramps, the time was calculated for the vehicle
to travel the length of the ramp while decelerating from 60 to a
minimum of 20 mph, and, if any distance remained, to traverse the
remaining distance at 20 mph. In both cases the length of the
ramp was obtained from maps.

C. UPDATING LINK TRAVEL TIMES

The network database was replicated 32 times, once for each
different 15-minute time slice in each of the recurring and non-
recurring congestion scenarios. Freeway travel times were
different for each time slice, and turning movement travel times
were different for each hour (set of four time slices). A
computer program, PATHMOD, was created for this task and used to
update the database for each replicant.

Travel times for arterial through links and ramp links remained
constant for all time slices. (Recall that arterial through
links reflect only the free-speed travel time for streets, and
that delays are represented by travel costs of the turning
movement links.)
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D. TABULATING ROUTE COSTS

PATHNET prints a report, listing sequentially the links in the
minimum cost path and the cumulative route cost for each link.
Minimum cost paths are calculated by PATHNET using Dijkstra's
algorithm. This algorithm is described in most elementary
operation research textbooks. Given origin node and a
destination node, Dijkstra's algorithm finds the minimum cost
route through a network if one exists, but is not capable of
determining whether multiple minimum cost routes exist. However,
due to the complexity of the network model of the corridor, it is
unlikely that multiple minimum cost paths exist.

In this network model, link costs are fixed in time within one
time slice, rather than dynamically adjusted for changing traffic
conditions during the course of a vehicle's progress along a
route. Most routes through the corridor are on the order of 20
minutes long. Since time slices are 15 minutes long, this means
that a 20-minute route that begins in time slice N will end in
time slice N+l. PATHNET does not consider this effect; the
decision whether to make link costs fixed or dynamic for a given
route is beyond the scope of this report, and is a worthy subject
for future research.

The cost of user-specified routes are tabulated by entering a
series of node numbers. PATHNET generates a printed report
giving the cumulative path cost [19].*

"Freeway-biased" and "arterial-biased" routes are generated by
using a combination or PATHNET's minimum cost and user-specified
route cost functions. The way in which these routes were
specified is described in Section F, "Route Costs."

E. SURVEY

A survey was conducted to determine typical routes used by actual
commuters in the corridor. Designed in cooperation with Commuter
Transportation Services, Inc., the quasi-public agency
coordinating van and car pooling services for the Los Angeles
area, and Paul Fowler of the Southern California Auto Club, the

* See: Deo, Narsingh, 1936-. Graph theory with applications to
engineering and computer science. Englewood Cliffs, N.J.,
Prentice-Hall (1974). Series title: Prentice-Hall series in
automatic computation. CSL Main Lib TA 338 G7 D46 General
Collection. Also see Hillier and Lieberman.
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survey was designed to identify drivers who use the Santa Monica
Freeway Corridor, determine their primary route to work, and what
route, if any, was used when diversion took place due to traffic
congestion or some other reason.

The database used for the survey was Commuter Transportation
Services's sizable data base of van and car pool riders and
drivers. Potential respondents were pre-selected by identifying
members from the data base living and working in certain zones
likely to result in corridor use. (The zone system used by
C.T.S. coincides with the coordinate system used in the popular
Thomas Brothers map of Los Angeles County.) Origin zones used
were relatively close to the corridor, primarily in the Santa
Monica, southern Beverly Hills, and Culver city areas.
Destination zones were in downtown Los Angeles at the eastern
terminus of the corridor.

These relatively close-in zones were selected, rather than
further-out zones, because the probability of finding a SMART
Corridor user was greater in a close-zone. In further-out zones,
the likelihood that a commuter was a corridor user was much
smaller, and a great deal more telephone screening would have
been necessary to separate corridor users from commuters using
other routes.

Once potential users were selected on the basis of origin and
destination zones, questions were used to filter out non-drivers,
and identify commuters using the corridor on a more or less daily
basis. Based on these criteria, 78 drivers were eventually
surveyed. Only travel to work in the morning peak was discussed
in the survey.

Due to the pre-selection criteria used to select interviewees for
this survey, the results should not be interpreted as a random
sample of commuters. The primary purposes of this survey were to
determine which routes frequently corridor users normally take,
why they divert, if ever, from the usual route, the reason for
diversion, and which routes are used in the diversion process.
Particularly, since corridor users were pre-selected from certain
zones, the locations of respondents' trip origins and
destinations should not be taken as indicative of trip origins
and destinations for the corridor.

Another reason limiting the extrapolation of these answers is
that the drivers who stated that they divert from their usual
route may be more aggressive or traffic-conscious ("savvy" is a
good term) than drivers who do not divert. This could imply
fundamental differences in the psychology of route-choosing
between diverting drivers and non-diverting drivers. Also, all
drivers in the Transportation Services database are probably more
traffic conscious than the general population since they are
active participants in a ride sharing program.

Even if survey respondents are more route-conscious than most



63
drivers, it is not provable from the data in the survey that the
routes chosen for diversion are superior to the old routes
diverted from. Portions of most of the routes given in the
survey responses lay outside the SMART Corridor, and no travel
time data is available there. However, the assumption, that a
diversion route is shorter than the original route, is consistent
with the paradigm of user equilibrium, which assumes that, except
for some random variations, no driver can unilaterally improve
his travel time by changing routes. This is the same as saying
that a driver always takes what is perceived to be the shortest
route to a destination.

The user equilibrium assumption stated in the paragraph above is
the underlying reason for evaluating the paths generated by
shortest-path and other heuristics in this report. The
assumption is that driver will attempt to save time by taking a
shorter route than the usual route if the information about that
shorter path is made available. The purpose of in-vehicle
navigation systems is to respond to real-time traffic information
and provide information about potential shorter routes.

Seventy two out of the seventy eight respondents to the survey
were users of the corridor in the eastbound direction. Forty of
these eastbound drivers told interviewers they never diverted
from their usual routes. (This set of respondents will be
referred to as "non-diverters.") All but six of the non-
diverting eastbound drivers used the Santa Monica Freeway for the
entire duration of their travel in the corridor. Five of these
six used Olympic, Pico, Venice, and Washington, in addition to
the freeway, along their route. The sixth driver used Jefferson,
without using the freeway; this driver was the only non-diverting
eastbound driver not to use the freeway at all.

Of the remaining 32 eastbound drivers who stated that they
diverted from their usual routes, 25 used the freeway exclusively
as their usual means of getting to work. The other seven used a
variety of routes. Four were not freeway users: three used
Olympic exclusively, and one used Jefferson exclusively. The
remaining three used Venice, Washington, and Olympic in addition
to the freeway as their usual route.

Origin locations for surveyed users in the eastbound direction
only are shown in Figures IV-2 and IV-3. Figure IV-2 shows origin
points for drivers who stated that they never diverted from their
usual route; the other figure shows origin points for diverters.
Figure IV-4 shows destination locations for all eastbound
commuters surveyed.

Some answers given in the survey can be summarized statistically.
The average departure time and average trip length for the
diverting, as compared to non-diverting drivers, varied little.
Average trip length, 32 minutes, was the same for both grouped.
Diverting drivers departed for work at 7:07 AM, on the average,
while non-diverting drivers departed at an average time of
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6:56AM. Sample sizes varied slightly because some respondents
did not give specific values for their travel time or departure
time. The table below summarizes these statistics about EB
survey respondents:

TABLE : Trip Lengths and Departure Times: EB Travelers Only

Non-Diverters
Diverters

Avg Trip (minutes) N Avg Dep Time N
32 38 6:56 38
32 32 7:07 26

Exact tabulation of the reasons for diverting was not practical
because of the fuzzy nature of the question and responses. All
but about six of the eastbound diverting drivers gave "freeway
congestion", "accident", "traffic report of congestion", or some
similar answer as their reason for diverting. Other non-traffic-
related reasons for diverting included varying work hours,
"change of scenery", or the need for a chained trip on the route,
such as a trip to a day care center, gas station or a field
appointment for work.

The choices of diversion routes was as numerous as the number of
responses. No two interviewees reported using the same route when
diverted from the freeway. Why this is so unclear from the
survey; the result could be due to randomness, or to a strong
correlation between the place of origin and destination and the
diversion and the diversion route.

The main conclusion to be drawn from the responses to the survey
is that most corridor users do not deviate from their usual route
in the face of traffic congestion, accidents,, or other adverse
traffic conditions. The preferred route for these drivers is to
enter and leave the corridor on the freeway. This is reasonable,
as one would normally assumed that, in addition to the slower
speeds and increased delay, some sort of penalty is associated
with leaving the freeway.

F. ROUTE COSTS

PATHNET was used to compute the cost of several different routes
for a combination of four origin intersections and three
destination intersections in the corridor. These different
routes are described by the following three terms:

. "Shortest-path"

. "Freeway-biased"

. "Arterial-biased"

The "shortest-path" route is that route specified by the Dijkstra
minimum cost algorithm. This route represents the quickest route
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through the corridor based on the given set of link costs for
that time slice.

It is important to note that in this section, as in previous
sections, the term "nearest" is used synonymously with "quickest"
and "minimum-cost", since the metric used in all route
tabulations in this project is travel time.

The "freeway-biased" route is a route designed to reflect the
behavior of the majority of corridor users. As noted in the
section covering results of the survey of corridor users, in the
absence of travel time information, most drivers tend to strike
out from their origin to the nearest freeway entrance, then stay
on the freeway until close to their destination, and then exit
the freeway and travel to the final destination.

The heuristic used to tabulate costs for the freeway-biased
route, then, is as follows:

For each time slice:

1. Find the shortest path from the origin node to the nearest
freeway node.

2. Find the shortest path from the freeway node nearest the
destination to the destination node.

3. Calculate the travel time incurred between these two points on
the freeway, using a route that does not exit the freeway.

4. Add these three travel times; this is the travel time of the
"freeway-biased" route.

During conditions of light flow (low congestion), the freeway
biased route will almost always be the same as the minimum-cost
route through the corridor. As congestion increases and freeway
speeds decrease, the freeway-biased route will always take longer
than the minimum cost route. This is because the minimum-cost
route can take advantage of faster travel times on parallel
streets; drivers can reduce their travel time by delaying entry
onto the freeway past their usual entry point, exiting the
freeway early, or exiting the freeway and reentering, thus
bypassing congestion. In the real world, drivers have difficulty
accurately gauging where to correctly make these entrances and
exits, largely as a result of a lack of information (or past
experiences with bad information!) about travel times on adjacent
parallel streets. As with the psychology of the diversion
decision itself, under what conditions such diversion takes place
is not in the scope of this report, but is the objective of
current research elsewhere.

The difference between the freeway-biased and minimum-cost
routes, therefore, represents the time savings that might be
available to a driver who has "perfect" information about travel
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times in the rest of the corridor.

The "arterial-biased" route is found by tabulating costs along an
arterial parallel to the freeway, without venturing onto the
freeway itself. Since the corridor under study was fairly narrow,
when applicable, each of three arterial-dominated routes were
tabulated for each origin-destination pair: one each for travel
primarily on Adams, Washington, and Venice Avenues.

The origin and destination points for the routes were chosen to
reflect driver preferences revealed in the survey of corridor
users. Since almost all of the surveyed drivers used the entire
length of the corridor in their normal day-to-day travel, origin
and destination points were chosen close to the ends of the
corridor. Origin points were:

. Origin 1: EB Santa Monica Freeway at San Diego Freeway

. Origin 2: National Blvd. at Sawtelle

. Origin 3: Venice Blvd. at Sawtelle

. Origin 4: LaCienega at Adams Blvd

Origin 1 through 3 represent "gateways" into the corridor model.
Most trips through the corridor originate to the west of these
origin points, so Origins 1 through 3 represent the usual entry
on to the majority of corridor users. Origin 4 represents a
gateway for travelers using the corridor in a more diagonal
route; this route represents a route for drivers entering the
corridor from more southerly points than the Santa Monica-Venice
areas.

Destination points were selected in downtown locations,
reflecting the downtown destinations of survey respondents:

. Destination 1: EB Santa Monica Freeway at Harbor Freeway

. Destination 2: Venice Blvd. at Figueroa Street

. Destination 3: Venice Blvd at Western Avenue

Destinations 1 and 2 were selected as gateways to the downtown
area, while destination 3 was selected in order to represent
corridor users choosing a more diagonal route.

Travel times were evaluated for a fully factorial combination of
these 4 origin and 3 destination points. Shortest paths, freeway-
biased, and arterial-biased routes, where applicable, were
computed for all 12 combinations.
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CHAPTER V - ASSESSMENT OF POTENTIAL BENEFITS

A. INTRODUCTION

This chapter will assess potential benefits found in this study
of an in-vehicle information system providing "perfect" real-time
traffic information to the driver under non-incident and incident
scenarios. It should be noted that the analysis in this study is
performed with traffic conditions on the freeway and surface
streets for a "typical day". Heavier or lighter traffic
conditions would possibly yield different results.

First, travel times will be compared under each scenario
separately and then a comparison will be made between the two
scenarios. Travel time is the only measure of effectiveness being
considered in this study. The assessment of potential benefits
will be based upon the comparison of travel times for several
paths for each origin/destination pair being considered.

As described in chapter IV, there are four different origins and
three different destinations being analyzed for a total of twelve
origin/destination pairs. There are a maximum of five possible
routes that can be compared for each origin/destination
pair in each time slice. The location of each origin and
destination and the five possible routes that can be utilized
between the origin/destination pairs are described in chapter
IV.

B. NON-INCIDENT SCENARIO

1. Origin 1 - Santa Monica Freeway Mainline Origin

Figures V-l, 2, and 3 depict the travel times for trips beginning
at origin one and traversing to destinations one, two, and three
respectively via the shortest path and the freeway biased-path.
Surface street biased paths are not included as possible path
options for trips from origin one since this origin is on the
Santa Monica Freeway mainline.

As shown in figures V-l, 2, and 3, the shortest path deviates
from the freeway-biased path and reduces the travel time for all
three destinations during a one hour and forty five minute period
between 7:15 A.M. and 9:00 A.M. (time slices 6-12). From 6:00
A.M. to 7:15 A.M. and from 9:00 A.M. to 10:00 A.M. the shortest
path is the freeway biased path.
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The maximum time savings when utilizing the shortest path occur
during time slices seven and/or eight (7:30 - 7:45 A . M . and
7:45 - 8:00 A.M.) for trips to all three destinations. The
maximum travel time savings to destination one is approximately
one minute or a 5% reduction in travel time. The maximum time
savings to destinations two and three is approximately two
minutes or 8% and 11% reductions in travel time respectively.

2. Origin 2 - National at Sawtelle

Figures V-4, 5, and 6 depict the travel times for trips beginning
at origin two and traversing to destinations one, two, and three
respectively via the shortest path, the freeway-biased path, and
three surface street biased paths, namely National/Venice;
National/Adams; and National/Washington paths.

As shown in figures V-4, 5, and 6, the shortest path deviates
from the freeway biased path and reduces the travel time for all
three destinations during a one hour and forty five period
between 7:15 A.M. and 9:00 A.M. (time slices b-12). From 6 : O O
A.M. to 7:15 A.M. and from 9:00 A.M. to 10:00 A.M. the shortest
path is the freeway biased path. This is identical to origin one
trips previously described. The shortest paths from origin two
deviate from all surface street biased paths and reduces the
travel time in all sixteen time slices (6:0O A.M. - 10:00 A.M.)
for all three destinations.

As far as the freeway biased path is concerned, the maximum time
savings when utilizing the shortest path occur during the same
time periods and have the same values as that of origin one trips
with respect to each destination. The individual shortest path
and freeway-biased path travel times from origin two do vary
from origin one trips but the differences in travel times for the
shortest path and freeway-biased path are equal for each
respective destination.

As far as the surface street biased paths are concerned, the
maximum time savings when utilizing the shortest path occurs
during time slice fifteen (9:30-9:45 A.M.) on the National/Venice
path to destination 1 and has a value of approximately eighteen
minutes or 6l% reduction in travel time.

3. Origin 3 - Venice at Sawtelle

Figures V-7, 8, and 9 depict the travel times for trips
beginning at origin three and traversing to destinations one,
two, and three respectively via the shortest path, the freeway-
biased path, and three surface street biased paths, namely
Venice; Venice/Adams; and Venice/Washington paths.

As shown in figures V-7, 8, and 9, the shortest path deviates
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from the freeway-biased path and reduces the travel times for all
three destinations for all time slices except time slice five.
The larger travel time savings occur during time slices six thru
twelve (7:15-9:00 A.M.), as is the case for trips from origin one
and two. The shortest paths from origin three deviate from all
three surface street biased paths and reduces the travel time in
all sixteen time slices for all three destinations.

As far as the freeway-biased path is concerned, the maximum time
savings when utilizing the shortest path occur during the same
time periods and have the same values as that of origin one and
origin two trips with respect to each destination. The individual
shortest path and freeway-biased path travel times from origin
three do vary from origin one and origin two trips but the
differences in travel times for the shortest path and freeway-
biased path are equal for each respective destination.

As far as the surface street biased paths are concerned, the
maximum time savings when utilizing the shortest path occurs
during time slice twelve (8:45-9:00 A.M.) on the Venice path to
destination 1 and has a value of approximately twenty two minutes
or a 52% reduction in travel time.

4. Origin 4 - Adams at Fairfax

Figures v-10, 11, and 12 depict the travel times for trips
beginning at origin four and traversing to destinations one, two,
and three respectively via the shortest path, the freeway-biased
path, and three surface street biased paths, namely Venice;
Adams; and Washington paths. It should be noted that no route
descriptions exist for origin four in the origin/destination
survey taken and therefore no Information exists in the survey
for trips from origin 4 to suggest that the freeway-biased path
IS the user-defined path. However, the route choice survey did
suggest that user-specified trips from origins 1, 2, and 3 are
freeway-biased. Therefore, the same was assumed for trips from
origin 4.

As shown in figures VI-l0, 11, and 12, the shortest path deviates
from the freeway-biased path and reduces the travel times during
time slices five thru nine (7:00-8:15 A.M.) for trips to
destination one. For trips to destinations two and three, the
shortest path deviates from the freeway-biased path during time
slices four thru ten. The larger travel time savings for trips to
all three destinations occur during time slices five thru eight
(7:00-8:00 A.M.).

The shortest paths from origin four do not deviate from all
surface street biased paths for all time slices. During time
slices seven thru ten (7:30-8:30 A.M.), the surface street biased
path on Adams Boulevard is the shortest path for trips to
destination two.
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As far as the freeway-biased path is concerned, the maximum time
savings when utilizing the shortest path occur during time slice
eight (7:45-8:00 A.M.) for trips to all three destinations. The
maximum travel time savings to destination one is approximately
five minutes or a 25% reduction in travel time; to destination
two is approximately six minutes or a reduction of 26% i n
travel time; and to destination three is approximately five
minutes or a 31% reduction in travel time.

As far as the surface street biased paths are concerned, the
maximum time savings when utilizing the shortest path occur
during time slice twelve (8:45-9:00 A.M.) and has a value of
approximately eleven minutes. It should be noted that the freeway
biased path is the worst path to take for trips to destinations
two and three during time slices seven and eight (7:30-7:45 A.M.
and 7:45-8:00 A.M.).

C. SUMMARY: NON-INCIDENT SCENARIO

Two assumptions made in this analysis are that the freeway-biased
path is the predominant local user-specified path and travel
time savings less than three minutes when utilizing the shortest
path are not considered significant. Thus, only trips from origin
four (to all three destinations) utilizing the shortest path
information have significant travel time savings for the local
driver In the non-incident scenario and only during the time
period from 7:00-8:00 A.M. (time slices 5-8).

The freeway-biased path is actually the path with the longest
travel time for four origin/destination pairs, namely origin
three to destinations two and three during time slice eight
( 7 : 4 5 - 8 : 0 0 A.M.) and origin four to destinations two and three
during time slices seven and eight (7:30-8:00 A.M.).

For trips to destination one and two from all four origins during
time slice eight (7:45-8:00 A . M . ) , Adams Boulevard is the
shortest path east of the southbound La Cienega off ramp. Of
course trips to destination one must reenter the freeway. Figures
v-13, 14, and 15 depict the shortest path routes taken during
time slice eight for all origin/destination combinations.

D. INCIDENT SCENARIO

The second set of routing results are for the "incident
scenario", in which a freeway incident was introduced in the
eastbound direction between Venice and WaShingtOn during t i m e
slices 3, 4, and 5.

In general, the incident scenario yields substantially higher









travel times for the freeway-biased routes, as compared to the set
of model runs with no incident (the "non-incident scenario.")
During time slices 3, 4, and 5, travel times for most shortest-
path routes in the incident scenario are longer than shortest-
path routes for the non-incident scenario, but the difference is
not as great as between the freeway-biased routes for the two
scenarios. The result is that, for most routes through the
corridor, the potential benefits of using the shortest path are
greater in the incident scenario than in the non-incident
scenario.

There is no difference between the two scenarios in travel times
on arterial streets since the effects of the incident were not
incorporated into the TRANSYT model used to calculate arterial
delays. Also, no effects that might occur as a result of traffic
diverting off the freeway onto arterial streets were Included in
the model. Therefore, there is no difference between travel times
on arterial-biased routes between the incident and non-incident
scenarios, except for routes ending at Destination 1, where
freeway links are included on part of the routes. When the cost
of freeway links differs between the two scenarios, so does the
cost of any arterial-biased route including any of the links.

The principal difference between the two scenarios is that the
incident affects the spatial and temporal location of bottlenecks
on the freeway. As discussed in detail in Chapter 11, the
introduction of the incident between Venice and Washington
resulted immediately in much slower speeds upstream of the
blockage, but also metered traffic downstream of the incident,
resulting in higher speeds in downstream freeway sections further
east. This phenomenon results in higher travel times for routes
using the freeway west of the incident, but lower travel times
for routes using freeway sections east of the incident location.

1. Origin/Destination Pairs Comparisons

The costs of shortest, freeway-biased, and arterial-biased routes
were computed under the incident scenario for the same 12 origin-
destination pairs as under the non-incident scenario. Potential
benefits reach their peak during the most congested time slices,
during the presence of the incident in time slices 4 and 5. A
second rise in benefits in the incident scenario, paralleling the
peak period of benefits in the non-incident scenario, is reached
at the time that recurring congestion reaches a maximum in the
non-incident scenario, during time slices 7 and 8. This second
rise is smaller in magnitude but broader than the first peak,
because effects of the incident linger throughout the study
period, and because much of the benefits in the second rise are
due to the same recurring congestion as In the non-incident
scenario.
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a. Origin l/Destination 1, Origin l/Destination 2. Origin

l/Destination 3

As in the non-incident scenario, only the shortest and freeway-
biased paths through the corridor were found for these OD pairs
because the origin point is on the freeway itself. In the non-
incident scenario during time slices 3, 4, and 5, the shortest
path remained entirely on the freeway. With the incident
introduced in time slices 3. 4, and 5, travel times increased a
great deal on freeway sections. As a result, the shortest path
involves diverting from the freeway onto parallel side streets.
As the speeds on the freeway section affected by the incident
drop In successive time slices, the diversion path involves less
and less freeway travel. The routes given in the shortest paths
between Origin 1 and Destination 1 serve as a typical example of
how the diversion point from the freeway moves westward along
with the area of congested freeway traffic:

Time Slice 3: Divert from Freeway via LaCienega Exit LaCienega,
Venice, return to freeway on Venice on-ramp.

Time Slice 4: Divert from Freeway via Robertson Exit, Robertson,
Venice, return to freeway on Venice on-ramp.

Time slice 5: Divert from Freeway via Overland Exit, National,
Overland, Palms/National, Venice, return to freeway on Venice on-
ramp.

Figures V-16, 17, and 18 depict the travel times for trips
beginning at origin one and traversing to destinations one, two,
and three respectively via the shortest path and the freeway
biased path. The maximum travel time savings (shortest path
versus freeway biased path) were approximately six minutes for
trips to all three destinations or a 25% reduction in travel
time.

b. Origin a/Destination 1. Origin 2/Destination 2. Origin
2/Destination 3

Origin 2, on eastbound National at Sawtelle, is close to a
freeway entrance. During light traffic, the shortest path enters
the freeway on the Overland on-ramp, the closest one available.
However, as freeway congestion increases due to the incident, the
point of entry onto the freeway is displaced further east. Time
savings are realized by delaying entry onto the freeway; for time
slice 5, the shortest-path routing delays entry on the freeway
until the Venice on-ramp. (The route follows National to Venice
up to this point). For these three O-D pairs, the freeway-biased
route is always shorter than the arterial-biased route. Pairs
originating from origin 3 exhibit similar characteristics to the
O-D pairs from origin 2.
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Figures V-19 through 24 on pages 96 thru 101 depict the travel
times for O/D pairs described in this section via the shortest
path, freeway biased path, and three surface street biased paths,
namely National/Venice; National/Adams; and National/Washington
paths.

The maximum travel time savings (shortest versus freeway-biased
path) for trips from origin 2 to destination 1 is approximately 8
minutes or a 33% reduction in travel time:

-To destination 2 is approximately 8 minutes or a 29% reduction
in travel time.

-To destination 3 is approximately 8 minutes or a 32% reduction
in travel time.

The maximum travel time savings for trips from origin 3:

-To destination 1 is approximately 10 minutes or a 37% reduction
in travel time.

-To destination 2 is approximately 10 minutes or a 33% reduction
in travel time..

-To destination 3 is approximately 10 minutes or a 37% reduction
in travel time.

C. Origin 4/Destination 1, Origin 4/Destination 2. Origin
4/Destination 3

In this set of results, the incident scenario results in shorter
travel times. This is because, for these routes, the bottleneck
created by the incident results in faster travel on the freeway
downstream of the incident, and all freeway travel is downstream
of the location of the Incident. Shortest-path routes from
Origin 4 actually experience a decrease in travel time in the
Incident as opposed to the non-incident scenario for this reason.

There are no differences between the scenarios for travel times
on the arterial-biased routes because these routes do not travel
on the freeway, and only freeway travel times are affected by the
incident.

Figures V-25, 26, and 27 on pages 102 thru 104 depict the travel
times for the O/D pairs described in this section via the
shortest path, freeway biased path, and three surface street
biased paths, namely Venice; Adams; and Washington paths.

The maximum travel time savings for trips from origin 4:

-To destination 1 is approximately 3 minutes or a 25% reduction
in travel time.
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-To destination 2 is approximately 3 minutes or a 20% reduction
in travel time.

-To destination 3 is approximately 3 minutes or a 25% reduction
in travel time.

2. Differences Between Shortest Paths And Typical Routes

The differences between shortest paths and freeway-biased or
arterial-biased routes are summarized In Tables V-l and V-2 on
pages 105 and 106. These tables show the differences, rounded off
to the nearest minute, between the travel time for the shortest
path and the travel time for the freeway biased path. The freeway
biased path is usually the path with the least travel time among
the freeway-biased and the arterial-biased paths, but in some
cases it is an arterial-biased path. In the non-incident
scenario, the greatest savings occur during time slices 7 and 8,
from 7:30 to 8:00 AM. For the incident scenario, the greatest
savings occur during the time slices following the introduction
of the freeway Incident, from 6:45 to 7:15 AM. The time period
during which large savings occur is broader for the incident
scenario.

Time savings of less than 3 minutes are of questionable
significance. Not only might the savings be masked by random
variations in travel times and driver behavior, but the threshold
at which drivers might perceive benefits from optimum routing is
unknown. Both of these topics are good opportunities for further
research.

Also, the interpretation of the routes from this study should
consider that:

. Only twelve origin/destination pairs have been analyzed

. Only traffic conditions for a "typical" day have been
analyzed.

. Some turning movements on the surface streets are
oversaturated, causing TRANSYT to possibly overestimate
average delays for those turning movements.

. As verified by the survey, the typical corridor user
chooses a freeway-biased path.

. For the incident scenario, only one incident, with its'
particular characteristics, has been analyzed.
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TABLE V-l

Travel Time Savings in Minutes (Rounded to Nearest Minute)
Non-Incident Scenario (Shortest Path vs. Freeway-Biased Path)

From

01

to:

Time:

From

02

to:

Time:

From

03

to:

Time:

From

04

to:

D l O 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0

D2 0 0 0 0 0 1 2  2 1 1 1 1 0 0 0 0

D3 0 0 0 0 0 1 2  2 1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 1
6 6 7 7 8 8 9 9 0
0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

D l O 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0

D2 0 0 0 0 0 1 2  2 1 1 1 1 0 0 0 0

D3 0 0 0 0 0 1 2  2  1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 1
6 6 7 7 8 8 9 9 0
0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

D l O 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0

D2 0 0 0 0 0 1 2  2 1 1 1 1 0 0 0 0

D3 0 0 0 0 0 1 2  2 1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 1
6 6 7 7 8 8 9 9 0
0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

D l O 0 0 0 3 3 4 5 0 0 0 0 0 0 0 0

D2 0 0 0 0 3 3 5 6  1 1 0 0 0 0 0 0

D3 0 0 0 0 3 3 4 5 1 0  0 0 0 0 0 0
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TABLE V-2

Travel Time Savings in Minutes (Rounded to Nearest Minute)
Incident Scenario (Shortest Path vs. Freeway-Biased Path)

From

01

to:

Time:

From

02

to:

Dl

D2

D3

0 01

0 01

0 01

Dl

D2

D3

0 0 0 0 0 0 0 0 1
6 6 7 7 8 8 9 9 0
0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1
Time: 6 6 7 7 8 8 9 9 0

0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

From D l O 0 1 7 1 0 4  5 4 2 1 2 1 5 3 1 0

03 D2 0 0 1 7 1 0 4 5 4 2 1 2 1 5 3 1 0

to: D3 0 0 1 7 1 0 4 5 4 2 1 2 1 5 3 1 0

0 0 0 0 0 0 0 0 1
Time: 6 6 7 7 8 8 9 9 0

0 3 0 3 0 3 0 3 0
0 0 0 0 0 0 0 0 0

From

04

to:

D l O 0 0 0 3 3 3 3 0 0 0 0 0 0 0 0

D2 0 0 0 0 3 3 3 3 0 0 0 0 0 0 0 0

D3 0 0 0 0 3 3 3 3 0 0 0 0 0 0 0 0
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CHAPTER - VI OVERALL ASSESSMENT OF POTENTIAL BENEFITS
AND FUTURE RESEARCH

A. INTRODUCTION

Chapter V has shown a sample estimation of benefits expressed as
time savings to the user of the information equipped vehicle.
This is only the first step in the overall assessment of
potential benefits. In addition to classifying the user benefits,
this chapter will also try to identify other benefits,
quantitative or qualitative, like benefits to non-users and to
society. A discussion of the assumptions, constraints and
conditions of the previous estimates of benefits will follow.
Refinement of these estimates and economic assessment will be
needed for the complete assessment of the in-vehicle information
technology. Further work is needed for the evaluation of cost
effectiveness and the economic feasibility of the information
equipped vehicle technology. Finally, phases for technology
implementation in the real world are discussed at the end of this
chapter as visualized by the team performing this study.

B. TAXONOMY OF POTENTIAL BENEFITS [l]

Benefits can be either quantitative or qualitative. Quantitative
benefits are those which can be calculated. Quantitative benfits
are classified as: user benefits, non-user benefits and system
benefits.

1. Quantitative Benefits

a. User Benefits

User benefits are those accrued by the driver who has an
information equipped vehicle. For simplicity, benefits in chapter
V have been analyzed as savings in travel time with respect to
travel time on the shortest path (for incident and non incident
situations). Savings in travel time is just one of many savings
that could be gained by drivers using the information equipped
vehicles. For example, savings in operating costs (like fuel
consumption, vehicle wear and tear) were not considered. However,
these savings are related to and they increase with travel time
and VMT and they are not as easy to calculate as savings in
travel time. User benefits can be further subdivided into
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benefits to users who are familiar with the network area,
benefits to users who are not familiar with the network area,
and special types of benefits which are benefits to
institutional users.

Users who are familiar with the network will gain time
savings under non-incident and under incident travel
conditions. They will avoid congestion and their vehicles
can be routed around the bottlenecks.

It has been found in chapter V that savings were much higher
under incident induced conditions than savings under non-incident
conditions.

There are savings of excess travel time and distance for
drivers who are unfamiliar with the area. In the literature
these savings are also called savings in navigational
wastage. In chapter I, it was mentioned that some studies
estimated this wastage to be close to $45 billion per year
[4] l This estimate represents costs to individual drivers
and to society and includes time costs, operating costs and
other costs.

In addition to the benefits of time savings under recurring and
non-recuring cogestion, drivers unfamiliar with the network area
can get an extra benefit of knowing how to get where they want to
go.

Different users will have different values of travel time.
Institutional users like police, delivery vehicles and
emergency vehicles are usually more sensitive to values of
time savings and it is easier to identify the benefit in
their case. In the case of emergency vehicles a minute
savings may be equivalent to the saving of lives.

It is possible that institutional users will be the first
markets for such technology. An interesting problem for
future research is the problem of optimally routing emergency
vehicles according to real time traffic information so that they
can reach the emergency location in the shortest time possible.
The network can be divided into subnetworks with each subnetwork
covering a smaller urban area with depots of emergency vehicles
located in it. An emergency routing center can be equipped with a
central computer and have the cability of providing accurate
traffic information (e.g shortest path), preferably using voice
communication, to the drivers of emergency vehicles. The
computer system will calculate dynamic (minute by minute)
shortest paths. If one has several emergency depots in the
subnetwork and an accident occurs in time slice X in
subnetwork I, the question will be what is the best strategy to
dispatch the emergency vehicle? Which depot and what route to use
to reach the accident location and to return as fast as possible
to the closest hospital in case if any injuries ? Of course the
best depot to dispatch the emergency vehicle from may or may not
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be the closest emergency depot to the accident location (in terms
of distance) because the shortest path will be changing by time.

Institutional usage of the system can also create secondary
benefits (indirect benefits) to other non-users in the society.
For example, when delivery vehicles improve their routing service
industry will improve and served parties will gain and~overall
economy can improve. However, these secondary benefits are
difficult to quantify.

b. Non-user Benefits

Drivers who do not have the equipment will get benefit when
users start to divert from the freeway especially around
bottlenecks. Since bottleneck queues are very sensitive to
small changes in traffic volumes, diversion of a small
percentage of users from the bottlenecks can cause
substantial reductions in the bottleneck queues and hence
improve speed and travel time on the freeway. Therefore, non-
diverted drivers (or non-users if we assume that all vehicle
equipped drivers will use their machines during the
congestion) will benefit from congestion relief on the
freeway links they are using. This is particularly
anticipated under the incident congestion situation.

The policy question is that if the number of users (i.e
drivers with information equipped vehicles) was large enough to
relieve congestion from the freeway, then the freeway will become
less congested than before the diversion. Non-users who choose to
stay on the freeway will then get the benefit of driving in less
congested freeway links without paying for it. Consequently this
may discourage others from buying the information equipment.
This question of a fair cost recovery scheme is an area for
future research.

C. System Benefits

(1) Traffic Counts

The system will have up-to-date travel times on the network
links where traffic counts are collected automatically and
continuously by the system itself since vehicles act like
moving detectors. Vehicles equipped with the information
device will be located by the system and their time-progress can
be determined. Therefore, the system will be accurate and
complete and consequently, the travel time will be reliable. The
up-to-date travel times could be used as a feedback for a central
control to help the authorities in monitoring the network.
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( 2 ) Optimization of the Overall Network in Question

Can be achieved by distributing the congestion over the
entire network, however, in some cases there are network
limitations that makes diversion not practical, examples are
bridges and tunnels , where there is only one way to get through.
Benefits will greatly depend on the structure of the network in
question.

2. Qualitative Benefits

These are benefits which are hard to quantify, if not
impossible sometimes. Examples of such benefits are:

-Driver safety and potential reduction in the number of accidents
(especially rear end collisions) and consequently reducing the
number of injuries and fatalities caused by these types of
accidents.

-Environmental benefits g a i n e d  b y reduction of the
concentration of carbon monoxide and toxic gases in the
atmosphere. Also a reduction in noise, driver stress, frustration
and lack of comfort.

-Hazard warnings, (e.g fog, bad weather, bad curvature...etc).

C. GENERAL EVALUATION OF THE PREVIOUS ESTIMATES OF POTENTIAL
BENEFITS

Other than limitations of the simulation models for the
freeway system and surface street system, and network model,
estimates of potential benefits in chapter V were also based on
several assumptions, constraints, conditions and also some other
limitations.

1. Assumptions

It should be emphasized that the following assumptions were
made in order to attain the previous estimates of potential
benefits:

*The SMART corridor is considered to be a typical corridor.

*The percentage of drivers diverting to the surface streets under
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the incident and non-incident induced situation is not large
enough to cause significant increases in travel time on the
freeway and the surface street links of the network; those
drivers divert either on the basis of their own experience in
routes or by using an information-equipped vehicle system.
Sometimes this assumption may not be realistic, later on, in the
section of modeling improvement, the need for releasing this
constraint is discussed.

*With a mature information system any driver who buys the
information-equipment is going to use it under recurring or non-
recurring traffic congestion conditions. It is assumed that the
driver who buys the equipment is going to use it when it is
needed, otherwise he would have incurred the cost of buying the
information for no benefit. However, this is only true if there
is a complete confidence in the equipment and the efficiency of
using it is very high. This assumption is very important and
reflects directly into the magnitudes of benefits for both the
user and the system. As will be discussed later on, a rich area
for future research is the driver-information equipment
interface.

*In estimating travel time savings, it has been implicitly
assumed that travel time in congested links of the freeway has
the same cost unit value as travel time in free flow links of
the freeway. Usually this is not true, because people perceive
travel time in congestion of being longer than travel time in
free flow movement. If travel time through congested links is
given more weight, then benefits could be higher than estimated.

*Benefits (or time savings) were only calculated for one
person who is the driver. Passengers were not considered
because at this moment there is no data available on
occupancy of information equipped vehicles. Passengers of the
information-equipped vehicles will benefit from the time savings
as well.

*The freeway biased route was assumed to be the user-selected
route (as found from the O-D survey in chapter-V).

2. Constraints

The potential benefits are microscopic and problem specific
in nature and actually depend on:

-The structure of the network in question.

-The incident location, time it occurs, magnitude (capacity
reduction), duration, and the time slice when the benefits are
calculated. The time savings seem to be greatest during the
period of the incident itself and fluctuates after the incident
is cleared.
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-The simulation results in this report apply only to the peak
period.

-The length and nature of the trip. For example, if the trip is
too short, the driver may not use the information system.

3. Conditions and Limitations

*The estimated benefits in chapter V were assumed to be for
traffic flow volumes in a typical day where traffic is neither
light or heavy. It is observed by CALTRANS District-7
engineers, that under non-incident traffic conditions,
traffic exhibits multi-level congestion. This means that
potential benefits may vary with the level of congestion.

*Similarly under incident congestion conditions, incidents in
heavy traffic days will yield larger benefit estimates, while
those in lighter traffic days will yield less benefit estimates.

*Since the objective of the study was to give a clear picture of
the magnitude of benefits gained under an incident situation,
the incident scenario has introduced the incident on the freeway
rather than on the surface streets. Network link costs are more
sensitive to changes in the freeway travel time than changes in
the surface street travel time. It is also possible to introduce
an incident in a major parallel arterial street to the freeway
and see how the level of benefit changes.

*Because one of the purposes of this study was the
illustration of benefits under an incident situation, and
because of time and budget constraints, estimates were done
only for 12 O-D pairs using different routing strategies such '
as: freeway biased, surface street biased, and shortest path.

The outcome of the above discussion is that further study and
more simulation effort will be needed on the spatial and
temporal nature of the potential benefits. Examples of spatial
considerations are the size of the network and the variability
of benefits according to the location investigated. Temporal
characteristics of the benefits are related to time of the day
the benefits are calculated. Variables that contribute to the
benefits need to be identified, after which, sensitivity
analysis could be carried out.

*Accuracy of the traffic surveillance system and its updating
capability are necessary for the reliability of the Information
given to the driver and for the reliability of the estimates of
benefits.
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D. MODELING IMPROVEMENTS

1. Refinement of the Estimates

From the discussion in the previous section (evaluation of
the estimates), one can see that further research work will
be needed in order to refine the obtained estimates of benefits.

2. User Equilibrium Analysis

The user equilibrium issue was not addressed in our study because
of the assumption made that the percentage of users diverting is
small enough not to affect the equilibrium condition on the
surface street system. The question is what if the percentage
diverting has increased to the extent that it begins affecting
the equilibrium conditions in the network? As long as some routes
are still better than others, then the information system will be
sound and effective because there will always be benefits gained
by diverting drivers to the best routes. This is particularly
true for the incident situation, where flow on the network links
become disturbed by the incident and it takes a long time to
return to the equilibrium condition.

There is the need to develop an information-driver
simulation model that will incorporate the user equilibrium
criteria [11] . The model will define a more realistic
approach to the assessment of potential benefits accrued by
an in-vehicle Information system. The information-driver
simulation model can be calibrated using the results of a
real life experiment like the PATHFINDER experiment or
possibly through a navigation simulation model which can be
experimented on driver subjects in a simulation lab [12].

3. Trip Cost Characteristics

Trip cost parameters or trip cost characteristics that have
been considered in our previous analysis included travel time as
the only cost parameter. There are other cost parameters which,
if incorporated, will increase the magnitude of the benefits
because they usually increase by the increase in travel time, for
instance, vehicle operating costs (wear and tear). This is still
a quantitative benefit but more difficult to calculate
accurately.
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4. Route Choice

Factors affecting the route selection may vary from one
driver to another. Because each driver has a different utility
function in selecting his own optimal route (which he/she
thinks that it is the best route). Unfortunately, the
information provided about the driver route choice behavior
iS very limited in the literature, therefore more studies
will be needed to understand the driver behavior in route
selection.

E. INFORMATION-DRIVER INTERFACE

As stated earlier, one of the assumptions made about the
previous estimates of benefits was that drivers will
interact with the information system in the most effective
manner so that no confusion will occur and the driver's
confidence will increase in the system through a learning
process. However, it is important to know what is the most
effective manner in which information could be conveyed to
the driver. First, simulation experiments as in Kitamura
[1988] [12] will be needed to determine the most effective
route guidance system In transferring informatlon to the
driver. Secondly, the effect of this information system or
the response of the driver to the information given needs to be
studied. Driver response is going to be reflected into route
choice behavior which has been discussed in the previous section.

Further study is needed to address the safety component of
the information system [ 1 3 ] , this also Interacts with
liability questions. For example, in case of a traffic
accident, caused by wrong information given to the driver
from the information system, who is going to be held
responsible in front of law for this accident?

F. ECONOMIC ASSESSMENT OF THE POTENTIAL BENEFITS

One major issue is the economic feasibility of the
information equipped vehicles. Unless this system is cost
effective people will not buy it and it will not be able to break
through the market. Therefore demand analysis, marketing
research, and cost effectiveness are to be studied before the
technology implementation process.
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1. Demand Analysis for the In-vehicle Information System and
Marketing Research

First, marketing research will be necessary to know if this
system will ever be able to break through the market. Marketing
research Includes marketing surveys which will take into
consideration O-D surveys and existing O-D patterns. Pricing the
information technology will play a major role In determining its
market size. The demand for an in-vehicle traffic Information
system depends on many factors of which the most two important
are the pricing strategy and the number of users (or the number
of customers).

Let us assume that the technology will be able to break
through the market. If the number of users increases and
hence the information about the best routes is spread out to a
large number of users, best routes will no longer be best routes.
Benefits accrued by diversion of users will be small If not
negligible and the system will be at or near equilibrium
condition. That is true under the recurring congestion situation.
It is assumed in the recurring congestion situation that drivers
usually distribute themselves on routes so that the benefit of
shifting from one route to another is negligible (Wardrop
conventional principle in traffic assignment). However, in the
non-recurring congestion situation, it will take a long time to
reach equilibrium in the network once an incident occurs. The
incident creates disturbance in the link costs, and consequently
there will be always routes which are better than others for
different O-D pairs In the network. How big the disturbance in
link costs will be depends on the incident characteristics in
question.

2. Integrated Technology Assessment and cost Benefit
Analysis

The flow chart, figure VI-l, shows an integrated technology
assessment process.

The technology implementation will go through a sequence of
phases which will be described later in this chapter. For
each of these phases, the process shown in figure VI-l will be
repeated. Basically the process is a five step process:-

a. Technology Updates

Each time the technology of in-vehicle information system is
updated there is a new cost, and consequently the price of the
equipment will be updated.



116

(TECHNOLOGY ASSESSMENT FLOW CHART)

PHASE (I), WHERE 1=1,2 ,...., X

( 2 )

TECHNOLOGY
UPDATES

(NEW COST)

( ECONOMIC FEASIBILITY)
COST/BENEFIT

FIGURE V-1
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(1) Pricing the Information Equipped Vehicle Technology :

Pricing the technology of information equipped vehicles will also
play a major role in determining the cost effectiveness of this
technology from both the user perspective and system perspective.
Each pricing strategy, e.g average cost pricing or marginal cost
pricing, results in a different benefit/cost ratio and affects
the overall economic feasibility. Pricing strategy will depend on
whether there will be subsidies to the in-vehicle information
technology from public money or not? And if yes how much?

If developers think that the use of this technology can be
considered as part of the Transportation System Management
(TSM) plan and therefore it is not only confined to
individual or even institutional users, then one could
justify the subsidy issue.

There is a two way effect between demand and technology
updating: as the technology updates, demand also is updated
and if demand increases the effect reflects back on updating the
technology. Thus, demand will also be a function of a technology
Index variable which represents the merits of the technology at
its different levels.

b. Marketing Research

Marketing research is needed after each technology updates
to predict the number of users "N" of the new technology,
and therefore determines the supply of the information
equipped vehicles. The use of O-D surveys might be helpful
in this context. With the price of the technology determined
there will be a supply demand model which also determines the
final number of users in the market equilibrium.

C. Technical Feasibilitv

Once the demand is determined, technical feasibility is
reviewed through traffic simulation and path calculations
just as the work done in this report (chapters II to V).
With an integrated navigation simulation model, traffic
simulation and network path calculations can be summarized into
one phase.

d. Economic Feasibility

Cost/benefit ratio and cost effectiveness of the updated
technology needs to be reviewed form the user perspective
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and from the system perspective. As discussed before, final
cost/benefit estimates will be sensitive to the pricing
strategy and cost recovery scheme used.

G. MORE ON THE FUTURE RESEARCH IN TEE AREA OF VEHICLE
NAVIGATION

1. Traffic Impact Studies on the Surface Street Network

Studies on the adverse effects of diverting traffic from the
freeway to the surface street system should be envisaged. It
might be that diverting too much traffic from the freeway to the
surface street system causes the traffic volumes to reach the
capacity of the arterial network. This is possible when a lot of
drivers are equipped with the information technology. The
practicality of traffic control strategies that can accommodate
this diversion of traffic will also need to be discussed [14].

2. Application of Artificial Intelligence

As the size of the network gets larger and becomes too
complicated, the limitations of existing computation
techniques threaten the technical feasibility of the in-
vehicle information system, a problem which the artificial
intelligence might be the solution [15].

3. Feasibility of Routing Algorithms with Multiple Stops and
Time Windows

If the driver has to make multiple stops with time
constraints, a study is needed on the technical feasibility, and
later on the economic feasibility of different routing algorithms
used. This idea can be applied for the rent-a-car businesses
[16] .

H. FUTURE USES OF THE SIMULATION TEST-BED RESULTS OF THE
SMART CORRIDOR

1. The Freeway/ATSAC System

At the present time, the system of ATSAC or (Automated
Traffic Surveillance and Control) has been implemented for
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parts of the down town area of the city of Los Angeles. The
ATSAC system is an advanced system and the plan is to expand it
through the SMART corridor. The ATSAC provides on line minute by
minute traffic speed, flow and occupancy data to the information
database in the ATSAC computer center located in the LADOT.
CALTRANS detectors on the Santa Monica freeway are being upgraded
and once the upgrading process is completed, freeway detectors
will also provide complete on-line traffic speed, flow and
occupancy data to CALTRANS central database. There is a need for
linking the two databases of the city of Los Angeles and CALTRANS
so that an overall and accurate picture of the SMART corridor is
obtained. Linking the two databases will make it easier for
applying different control strategies needed to handle the
diverted traffic from the freeway to the arterial network.
Traffic diverted from the freeway to the arterial may cause
congestion and extra delay to the surface streets, a problem
which might be solved by changing the signal timing plans. The
simulation results of this report can be used, in a sense, t o
help authorities in the control of the freeway and the surface
street systems.

Currently operators of the ATSAC system can detect incidents and
detector malfunctions in the ATSAC area by looking at the updated
data provided by the ATSAC system. Nevertheless, when the data
from the freeway system and surface street system is integrated
into one databank, or even if the surface street system expands
and gets more complicated, it will become very difficult for
ATSAC operators to continuously detect the incidents manually.
Artificial intelligence can be applied using the experience of
the operators in detecting the incidents, this experience will
continuously be updated. An artificial intelligence system
provides easier, faster and more effective way of detecting the
incidents.

2. The PATHFINDER Experiment

The simulation test-bed results in this report can be used
in the design of the PATHFINDER experiment that is going to
take place in the SMART corridor at full scale in the early
1990's [12].

In this experiment, driver subjects will be tested in a real life
corridor to assess the user quantitative benefits accrued by the
driver information systems.
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I. PHASES OF TECHNOLOGY IMPLEMENTATION:

Table VI-1 visualizes the logical phases of technology
implementation that may take place in U.S in the future:

Table VI-l

PHASES OF TECHNOLOGY IMPLEMENTATION

PHASE LEVEL OF INFORMATION EXAMPLES OF CURRENT
NUMBER TECHNOLOGIES

PHASE (1) Map display only ETAK

Real time information:

-congestion red bars on Japanese JNPA AMTICS
PHASE (2) maps in the vehicle. system.

-Voice communication to
allert drivers of
congestion. Improved ETAK system

Recommended routes to
PHASE (3) follow with their travel -----------

time.

PHASE (4) Exact route instructions ALI-SCOUT German system
for driver to follow.

: :
: :
: :

- : :

PHASE (X) Fully automated highways Not Available

It should be mentioned that these phases are not necessarily
going to occur in the sequence they are presented. However, these
phases and their sequence were based on current and previous
research, literature review and the experience of the in-vehicle
information technology in other countries.
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1 . INTRODUCTION

This document describes the enhancements made to the TRANSYT

model at the Institute of Transportation Studies-Berkeley (ITS)
to better handle actuated signals on arterials and networks. All
of these enhancements were incorporated to the latest version of
the TRANSYT Program (TRANSYT-7F Release 5) available from the
McTrans Center (1). The work performed by ITS was sponsored by
Caltrans as part of the FETSIM Program.

Section 2 of the report describes briefly the methodology
used to model the operation of actuated signals into TRANSYT.
Section 3 provides input coding instructions for using the enhanced
version (called TRANSYT-7FC). Section 4 explains the new output
features. Appendix A provides details on the computational metho-
dology and, Appendix B includes revised coding instructions in

tabular form for quick reference.

This enhanced version of the model is fully compatible with
TRANSYT-7F Rel. 5 distributed, by the McTrans. Existing data sets
will still run without any modifications and produce identical
results with the standard version.

It should be noted that this User's Guide describes only the
changes to the model performed by ITS. A complete documentation
on the use of TRANSYT-7F can be found in the TRANSYT-7F User's

. Manual and the FETSIM Orientation Workbook (2).



2. OVERVIEW OF THE METHODOLOGY

TRANSYT-7FC calculates the controller timings for actuated

signals based on the results from earlier research work performed

at ITS (3,4). A brief description of the methodology is given below

(Refer also to Appendix A for more details about the computational
methodology).

First, the average green times for the actuated phases are
estimated for a desired degree of saturation for the critical
links moving on each phase (default value 85 percent). The
estimated values are adjusted as appropriate to satisfy the
minimumphases length requirements for vehicles andpedestrians
specified by the user.
Next, the average green time for the non-actuated (sync)
phase is estimated by subtracting the sum of the actuated
phase lengths from the background cycle length. The program
checks and adjusts the estimated green time to satisfy minimum
phase lengths and avoid oversaturation for the sync phase. In
case of more than one non-actuated phases (for example, through
phases on grid networks) the program automatically deter-
mines the extra time to distribute to each non-actuated phase

based on the specified phase sequence.

If all the phases are specified as actuated
operation), then the program computes the average

("free" signal
green times to

equalize the degree of saturation on the conflicting critical
approaches.

The methodology has been incorporated in TRANSYT with a
minimum amount of additional input coding and at the same time
provides considerable flexibility to the model Users. Users can
easily designate which phases are actuated, and they can override
the default value for estimating the green times for either i)
the entire network, or ii) a specific phase. Changes were also
made to the output to assist the user interpreting the simulation
results.
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3. INPUT CODING MODIFICATIONS
To use the enhanced version of TRANSYT changes should be

made on the following Card Types: 2,10,1X and 2X. (Refer also to
Appendix B for a description of coding instructions in tabular
form).

Actuated nodes should be listed on Card Type 2. The values
of the variable intervals should normally be left blank on Card
Type 1X. The type of each signal phase (pretimed/actuated) is
specified on Card Type 2X. Users have the option to override the
default value for the degree of saturation either for the entire
network on Card Type 10, or for a specific phase on card Type 2X.

Card Type 2--Optimization Node List--Fields 2 throuqh 16
The actuated nodes for which you would like TRANSYT to compute

the average green times, must be listed on Card Type 2 under the
list of nodes to be optimized. This is optional for pretimed
nodes. However, since all the nodes need to be listed for an
optimization run it is good practice to list all the nodes in the
simulation data deck to avoid making changes later to perform an
optimization run.

Card Type 10 -- NETWORK MASTER CARD -- Field 11
Users can specify a network wide value for the degree of

saturation to be used in the computation of green times for the
actuated phases. The program uses 85% as the default value for
this parameter. Users wishing to override this default value may
code the desired value in this field. This value must be within
the range 50-100. No decimal points are allowed. TRANSYT reads
this value as a percentage.

Note that this value applies to the entire network. Users
wishing to change the desired degree of saturation for a particular
phase may do so in Card Type 2X, Field 16.



Card Type 1X -- CONTROLLER TIMING CARD -- Fields 5 through 15
A node having at least one phase coded as actuated on Card

Type 2X (see below) then there is no need to code into TRANSYT
the duration of the variable intervals on fields 5-15, Leave them
zero or blank. TRANSYT will override any values for the variable
intervals coded. Fixed intervals (yellow, all reds, and ped clea-
rance if any) can still be coded in those fields.

Note
If an existing data set-is used with the value of the variable
intervals already coded and is desired to determine average green
times for actuated control but at the same time maintain the same
offset, then the yield point coded on Field 3 of Card Type 1X
should be adjusted. This is' illustrated through the following
example:

Suppose you have the following Card Type 1X in an existing
data file:

C O N T R O L L E R  T I H I N G  D A T A
I E CARD N O D E  O F F S E T / INTERVAL DURATIONS (SEC% .OR PERCENT) .  .  .  .  .  .  .  .  . . a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DOUBLE
10. TYPE N O .  Y L D . P T .  R E F  I N 1  I N T l INTZ INT3 INT4 INTJ INT6 INT7 INTB INT9 INTlO INTll CYCLE

II 12 1 50 3 36 4 ib 4 0 0 0 0 0 0 0 0

The yield point is referenced to interval 3, hence the offset
(referenced to interval 1) is 50-4-36. = 10 seconds. If you now
alter the data set by coding zeros for the variable intervals,
and if you want to preserve the 10 'second offset, then you must
also modify the input yield point value, as follows:

Yield Point = offset + interval 1 + interval 2
Yield Point = 10 + 0 + 4 = 14

The modified Card Type 1X is shown below:

CiiiliOLLER TIMNG ~MTA
. .

E CARD N O D E  O F F S E T / INTERVAL DURATIONS (SECS. OR PERCENT) .  .  .  .  .  . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . * . . . . . . DOUBLE
IO. TYPE NO. YLD.PT. REF INT I N T l IN’12 INT3 INT4 INT5 INT6 INT7 INTB INT9 INTlO INTll CYCLE

O-
I

II 12 1 14 3 4 0 4 0 0 0 0 0 0 0' 0
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Card Type 2X - Phase Sequence Card - Fields 16
Field 16 is now the location for not only the 2X continua-

tion flag, but also for a flag indicating whether a phase is
actuated. The new hybrid flag is coded as follows;

CODING INTERPRETATION
" 0 " The phase is non-actuated (e.g., sync phase); no con-

tinuation card 2Y will follow.

" 1 " The phase is non-actuated; a continuation card 2Y will
follow.

" 3 " Actuated phase; green times will be estimated based on
the degree of saturation entered on Card Type 10, Field
11, or the default value (85 percent).

"50-100" Actuated phase; green time will be estimated based on
the degree of saturation value entered in this field.

Note that a continuation card 2Y is required for a phase in

which there are more than 8 links moving. Thus, in most practical

applications, this field should be coded as "0" (non-actuated

phase), or "3" (actuated phase). Users have the flexibility to

code a desired degree of saturation to estimate the green time

for the specific phase.

Card Type 2X- Phase Sequence Card - Field 7

Here, the minimum phase length for a phase is specified.

Normally, this value represents the minimum phase duration for

vehicles and pedestrians to safely clear the intersection and it

should be at least equal to the sum of the fixed interval lengths

plus one second.

Simulation of actuated signals with TRANSYT requires to

give special consideration to the phase minimum entered in this

field. For example, suppose that the pedestrian signal is pushrbut-
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ton actuated for a particular phase and 18 seconds are required

to satisfy the minimum pedestrian clearance time for the actuated

.-Phase X, but only 10 seconds are needed to. serve the traffic

demand. If pedestrian traffic is so light that the-push-button

is activated only once every 15 cycles, then most of the time,

phase x needs to be at least 10 second long. Thus, to accurate

simulate average traffic conditions using TRANSYT it is appropriate

to code the minimum phase length required for vehicles and ignore

minimum pedestrian requirements. If, however, pedestrians frequent-

ly use the intersection then the minimum phase length for peds is

the appropriate value to code in field 7. Users, therefore,

should be familiar with the field conditions to appropriately code

this value.



4. OUTPUT FEATURES

Several features were added to the TRANSYT-7F output to

assist the user correctly interpret; the results of a simulation,

run. Notice that next to the TRANSYT 7F Release Number on the

top left side of the Input Data Report appear the words "Enhanced

Actuated Signals Version" (Figure 1).

Input Data Report

Within the Input Data Report, several field headings have been

changed or added. For Card Type 10, Field 11 (previously blank)

now has-the heading "Degree Sat". As it is shown in Figure 1,

the system-wide value for the degree of saturation for actuated

phases is coded as 90% for the sample problem. For Card Type 2X,

Field 16 (previously entitled "Continuation Flag") now has the

heading "Phase Type". Note that phases 1 and 3 are actuated

(Figure 2).

Signal Controller Tables

There are several new features within the "TRANSYT 7F SIGNAL

CONTROLLER SETTINGS" output (Figure 3). First, a message is

printed indicating that the network includes actuated signals.

Each intersection is labeled with "Actuated" or "Pretimed" as
\

appropriate. (In the example output shown in Figure 3, the signal

is "Actuated"). Also, phase splits (in seconds and in % of cycle)

are provided, and the phases which are actuated are identified

with the letter "A". At the bottom of the table, the new yield

point is printed.



. If the estimated average green time is lower that the specified

minimum phase length, the green time is adjusted and a letter M

is, printed in the, Signal Controllers Table to indicate this program

action (Figure 4).

Note that in the enhanced actuated signals version of TRANSYT

7F the terminology "yield point" is always used for actuated signals

and "offset" for pretimed signals, regardless of the reference

interval.
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T R A N S Y T - 7 F  - - T R A F F I C  S I 6 N A L  S Y S T E H O P T I M I Z A T I O N  P R O G R A M

JULY, 1987 ENHANCED ACTUATED SIGNALS VERSION VERSION 1.  i

SPONSORED BY:
FEDERAL HIGHWAY ADMIN!STRATION
OFFiCE OF TRAFFIC OPERATIONS

DEVELOPED BY*. a
TRANSPORT AND ROAD RESEARCH LABORATORY

UNITED KINGDOM AND
TRANSPORTATION RESEARCH CENTER

UN!VERSITY OF FLORIDA. .

------_-----------------------------------------------
I N P U T  D A T A  R E P O R T  F O R  R U N  1

F I E L D S : ! 2 3 4 5 t 7 8 9 10 1 1 12 13 14 15 16
---- ---- ---- e--e me-- e-e- -s-w ---- -m-w ---- _--- ___- ____ ____ ____ ____

L I N E R U N  T I T L E  C A R D
NO. T I T L E

2) SAMPLE RUN FOR USERS’ GUIDE SUPPLERENT

NETWORK CONTROL CARD
SEC! SEC/

L I N E CARD
TYPE C!:E C!:E ;;:kE

STEP STEP L O S i GREEN S T O P  O U T P U T  I N I T I A L  P E R I O D  S E C ( V )  S P D i O !  E N S L ! O !  P N S H
NO.

*’
C Y C L E  N O R R A L  T I R E  E X T E N .  P E N A L T Y  L E V E L  T I t l I N S S  L E N G T ! !  P E R C ( l I  T I t l E I l !  H E T R ! ! !  D E C K

3 ! 1 120 120 0 0 2 2 2 -1’ 1 0 60 0 0 0 0

ttt 107 ttt YARN!NS t A STOP PENALTY OF “-1’ WILL RESULT IN AUTO#A?IC
C A L C U L A T I O N  O F  T H E  P I  T O  M N I H I Z E  F U E L  C O H S U ! t P T I O N .
LINK SPECIFIC DELAY OR STOP WEIGHTS ON CARD
TYPE 37 t 38 WILL STILL BE APPLIED,  HOWEVER.

L I N E CARD L I S T  O F  N O D E S  T O  B E  O F T I f i I Z E D
NO. TYPE

4! 2 1 0 0 0 0 0 0 0 0 0  J  0 0 0 0 0

SYSTEM MASTER DATA
L I N E CARD’ MASTER  SYSTEM DEFAULTS  SYSTEM EXTERNAL  SYSTEM FUEL  VEH ICLE  OR iEN-  DEGREE

NO. TYPE N O D E  Y E L L O W  ALL - R E D  S A T F L O W  S P E E D P D F  - F A C T O R  L E N G T H  T A T I O N  S A T .

5! 10 0 0 0 0 0 0 0 0 0  90 0 0 0 0 0

FIGURE 1. INPUT DATA REPORT -- TRANSYT-7FC
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