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EXECUTI VE SUMVARY

Optimal use of existing transportation facilities has becone a
major priority in congested urban areas. Providing real-tinme in-

vehicle traffic information to drivers is one possibility of
achieving this goal. This report docunents an initial attenpt to
ascertain the potential benefits of a real-tine in-vehicle
traffic information system wunder recurring and non-recurring

congestion conditions.

As opposed to creating a hypothetical network, an actual real-

life network in the Santa Mnica freeway corridor in Los Angeles,

California, was simulated via the FREQS and TRANSYT-7F sinulation
nodels. The Santa Mnica freeway corridor represented a typical

congested freeway and was the focus of interest of the sponsoring
agencies for this project nanely CALTRANS and the Cty of Los
Angel es Departnent of Transportation or LADOT. The freeway study
limts 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 norning peak period. The four hour time period was
divided into sixteen time slices fifteen mnutes each. The
traffic counts provided by CALTRANS and LADOT were gathered from
several years of data (1984-1988) and based on neetings wth
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 sinmulation was travel

times on the freeway links and the surface street I|inks. Travel
times for both the freeway links and surface street Ilinks from
these nodels were transfornmed to a network nodel devel oped

entitled PATHNET. PATHNET was wutilized to determine the trave

times for the "shortest path" between any origin and destination
point in the network or for any other path in the netwrk so
desired (exanples are "freeway-biased path", "arterial-biased
pat h", "user-specified path"). A survey was conducted to
determine typical routes wused by actual commuters in the Santa
Monica freeway corridor in the hone 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 sanple size was
small and was taken from a selected group of drivers. The results
should not be interpreted as a random sanple of comuters but
rather as a prelimnary indication of the typical routes taken by
| ocal conmuters in the Santa WMnica freeway corridor

The shortest path is assuned to be the perfect infornmation path.

Conpari sons between the "shortest path" travel tinme and the
travel tinmes of the other paths listed were mde for a set of
four origin poi nts and t hree destination poi nts. These

compari sons of travel times were the basis of det er m ni ng



X
potential benefits of an in-vehicle information system

Under the recurring, non-incident congestion scenario, the travel
tine savings when utilizing the "shortest path" were generally
negligible (less than three mnutes for a 20-25 mnute trip) when
conpared to the least travel tine of the other paths (usually the

freeway- bi ased pat h) . Under t he non-recurring, i nci dent
congestion scenario (where the incident was created on the
freeway), travel tine savings were found to be significant
(greater than three mnutes for a particular trip), when

conparing the "shortest path” to the least travel tinme 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.nm. The greatest travel tine savings occur
during the tine slices following the introduction of the freeway
incident, from 6:45 to 7:15 a.m wth a nmaxinmm savings of 10
mnutes for a 30 mnute trinp.

The incident scenario introduced did not capture the nmaxinmum tine

savings under incident i nduced conditions, however . I nci dent
sensitivity analysis, an immediate goal for future research, is
needed to estimte the potential benefits by varying traffic
denmand level, incident severity level, and network or corridor
structure.

The results of this study are specific to the corridor under
investigation and other limtations and constraints, e.g tine of
the study and the 12 OD pairs selected and the routing strategy
used.

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

The authors of this report think that this study is only a first

step in the process of the overall assessnent of potenti al
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 sone restraining
assunptions in this report, e.g to increase the percentage of
diverting drivers equipped wth 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 nodel wll be needed to reduce the time of
analysis. An equilibrium nodel wll then have to be incorporated.
The simulation can then be applied to a numerous nunber of
networks wth different sizes, structures, and the estimation of
benefits can indicate in what type of network the technology can
be best applied.



CHAPTER | - | NTRODUCTI ON

A PATH

This report describes the efforts of a study team investigating
the potential benefits of in-vehicle information systens. This is
one of the studies related to vehicle navigation systems which is
a part of the "Program On Advanced Technology for the Hi ghway" or
(PATH). This program has three main conponents: Automation,
El ectrification and Navi gati on. Wbrk in Vehicle Navi gati on
started with Kanafani [1987] [I] 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 neasured by VMI is growing at the rate
of 5-6 % per year, while facilities (in lane mles) are

increasing at a rate less than 1% per vyear [3].

Even if it is financially possible to cope wth this denand by

the construction of new highway facilities, it is currently
i mpossible to sati sfy envi ronnment al , | and use and ot her
requi rements. Technol ogy based systems for the managenent of

traffic operations is necessary. The wuse of traffic information
systens has the objective of helping drivers to arrive at their
destinations wthout having to suffer excess travel (if they are
not familiar with the network) or congestion delay. There have
been studies in the US. that estimated the contribution of
excess travel (relative to the total travel tine) 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 US.) directed to estimte travel tine savings that
could be accrued by a real tinme traffic information system that
diverts drivers around bottlenecks (recurring and non-recurring)
and consequently avoid congestion delay.



C. BACKGROUND

In his paper of [1987] [r, Kanaf ani tal ked about current
technology in navigational aids, route guidance and route contro

systens. Kanafani also nmde a brief conparison between current
navi gation and route guidance systens. Exanples of navigation
systens are the U S. ETAK and the Japanese JNPA Antics. Exanpl es
of the route guidance systenms are the German ALI-SCOUT and the
British AUTOGUI DE. Al so, definitions of route guidance, rout e
control and navigation systens can be found in Kanafani's paper

The paper of Yunoto. et al, [1979] [5], estimated travel tine
savings of 9-15 % (in a thousand trials made between 7 pairs of
ODs ). More work has been done by Jeffery, et al, TRRL,
Engl and, [1987] [6]. Jefferg's estimation of benefits was even
more conprehensi ve, including estimations of user and system
benefits rather than just stating the travel time savings.
Jeffery estimated costs of the in-vehicle wunits (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 inportant not to forget that all of the above estinates
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 estinmation of benefits under
non-recurring traffic congestion condi tions. Al so, previ ous
i nternational estimates of benefits were related to the network
in question, in other words they were network specific, and these

estimtes 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 tinme traffic information system is one that would have
the capability of providing information about travel tinme on the
short est route and gany 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



3

Net work Fl ow Chart

Net work Anal ysi s

Abstract. Real Life
Net wor k Net wor k
I l
Si mul ation Field Study
Modeling Eval uati on
Approach Approach
-

Select a real life network
or "Simulation test bed"

Freeway system

Choose freeway
simulation software

Surface street

system

Choose surface street
simul ation software

| nci dent No inci dent
condi tion condi tion
Freeway |inks Freeway |inks Surface street |inks
travel tine travel tine travel tine
Network model
|
| |
Travel costs on Travel costs on
different OD different OD

routes under
i nci dent cond

routes under
i nci dent cond

no

Compare travel
bet ween
i nci dent

i nci dent
traffic conditions

tinme savings
and non

Wi

Cal cul ate time savings

pat h

th respect to shortest




4

Wien one wants to analyze a network, one wusually 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. Wen
considering a real life network, two kinds of approaches are
available: the sinulation nodeling 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 nmakes it very difficult to answer
"what if?" questions, the sinulation mpdeling approach is the

nost desi rabl e. The first step in the sinulation nodeling
approach is to select a simulation test bed, obviously a real
life network. In selecting the site location for the real Ilife

network, a nunber of factors were taken into consideration. These
factors are listed as follows:

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

-The location for the PATHFINDER experinment 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 neeting held on Septenber 25, 1987 between
CALTRANS, LADOT, and the Institute of Transportation St udi es
(ITS) that the network location for this project would be in the
SMART corridor in Los Angeles. The SMART corridor is conposed of
the Santa Mnica 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 inprovenent
projects. Two, the SMART corridor is the candidate corridor for
t he future PATHFI NDER experi ment. Thr ee, t he relative
availability of traffic counts at CALTRANS and LADOT which could
be used in the sinmulation process when needed. And four, the
traffic congestion and the size of the corridor is sufficient to
gi ve, 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 spati al and tenporal
boundaries were also addressed In the Septenber 25th neeting. It

was agreed that the spatial boundaries would extend from the San
Diego freeway (1-405) on the west end to the Harbor freeway
(1-110) on the east end. The north and the south Ilimts would
extend from Adans Boulevard on the south end to Venice Boul evard
on the north end.

Concerning the time period in which the study would take place,
it was suggested to choose the nobst congested periods of the day,
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i.e either norning peak period or evening peak period or both.
Because of tine and budget constraints only one of the two peak
periods was choosen for analysis. The decision was nmde 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 nore concious about travel tine In the norning
in order to not arrive at work late, assumng that nost
trips in the nobrning are work trips.

-Evening trips may be nmulti-purpose trips or "chain" trips
and they my not be consistent throughout the week as
norning trips are.

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

-Generally there is nore capacity on the parallel surface
streets in the norning peak period.

The norning peak period extends approximately from 6:30 A M to

9:30 A M However, as wll be explained in later chapters, the
limtations of the conputer software selected required that the
analysis begin and end in free flow traffic conditions. |In order

to assure this, the period betwen 6:00 A M and 1000 A M was
chosen for the sinulation analysis.

The sinmulation of the corridor is divided into tw systens, the
freeway system and the surface street system For each system as
will be explained in chapters Il and Ill, the exact boundaries
were defined and also a sinulation software was selected. The
input for each sinulation package is generally formed of three

di fferent i nputs: supply, demand and control. The output of
simulation will be travel time on the system links (i.e freeway
links and surface street 1links). The input and output of each
software are discussed in chapters Il and I1I.

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 denand 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 determnistic 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 wll be
consi dered because freeway links are nore critical in the changes
of the network travel tines than Incidents on the surface street
links. An inportant assunption being nmade in this study is that
an incident on the freeway system wll not affect travel tines on
the arterial system because It is assuned that the percentage of
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vehicles diverting to the surface street system is small.

As the flow chart shows there wll be tw sets of costs: the
incident and the non-incident costs. In the non-incident case
travel time savings could be calculated based on the conparison
of travel time between a certain OD pair, using different
routes, and the travel tine of +the shortest route between the
same OD pair. In the incident case it 1is assuned that travel
time on the surface streets wll not change, so the sane travel
time on the surface street 1links wll be used as in the non-
incident case, but the freeway links wll have their link travel
time changed (and that is only in the direction where the
incident is introduced, e.g eastbound). Wth revised freeway Iink
costs for the Incident case, travel costs wll be calculated as

in the non-incident case. Al these calculations are perforned 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.



CHAPTER Il - FREQSPC SI MULATI ON OF THE SANTA MONI CA FREEWAY

A I NTRODUCTI ON
1. Obj ective

The objective of the simulation of the Santa Mnica freeway is to
determne realistic travel tinmes for each subsection of the
freeway within the study area for the duration of a peak traffic
period wunder incident free situation and with a typical incident
situation. Travel tines are then to be used as freeway link costs
input to the network nodel.

2. Process

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

-deternmine freeway east and west study boundari es.

-select nodeling approach to sinmulate the freeway.

-collect data (supply, demand, and control).

-sinmulate existing conditions on the freeway.

-calibrate i nput (by cross checking with real life
observati ons).

-generate and sinulate incident scenario on the freeway.

-provide travel time data on the freeway links wth
incident and wth no incident situation for the network
nodel .

B. FREEWAY STUDY BOUNDARI ES

1. Spati al Boundary Consi derations

a. Eastbound

In addition to the considerations in chapter-1 for the selection
process of the corridor and its general boundaries, the follow ng
considerations were used to define the final freeway limts:



(1) Upstream Boundary

It was desirable for the wupstream I|imt, to include the
San Di ego- Sant a Moni ca freeway i nt erchange SO as to
determ ne travel times from the San Diego freeway to any
desti nati on (off-ramp) in the eastbound direction of t he

Santa Monica freeway.

(2) Downstream Boundary

It was desirable for the downstream |limt, to include the
Har bor-Santa Monica freeway interchange so as to determne
travel tines from any origin (on-ranp) in the eastbound

direction of the Santa Mpnica freeway to the Harbor freeway.

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

(3) Subsection Identification

Except for the first and last subsections of the freeway,
each freeway subsection is identified by two ends: an
upstream ranp and a downstream ranp. The wupstream end in the
first subsection of the freeway is the starting point of study on
the freeway (or minline origin) and the downstream end in the
| ast 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 ranp and the nose
of the downstream ranp. Throughout each subsection the capacity
should be constant (i.e number of lanes in the subsection
does not change). If the nunber of Jlanes in the subsection
changes then this subsection is split into two subsections.

(4) GCD Roads Consideration

The  Col l ector-Distributer (or GD roads which exist on
both eastbound and westbound directions of the Santa Monica
freeway are wused by through traffic to avoid congestion and
therefore Increase the ~capacity of subsections parallel to the
CD road. This may enhance the role of information systens and
provide more flexibility for drivers who |ike to divert and
return to the freeway wthout <continuing their trip wusing the
surface street system C-D roads were considered as auxiliary
lanes for the freeway subsections and the capacity of the GCD
lanes was less than the capacity of the minline lanes. It wll
be shown later in this report that subsections of the freeway
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with mainline lanes parallel to the CD road were found to be
nat ur al bottl enecks, bottlenecks that drivers can avoid during
congestion periods and use the CD roads |If they are not
congest ed.

(5) Simulation Software Linmitations

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

b. West bound

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

2. Tenporal Boundaries Considerations

In chapter-l we have discussed the selection of the peak period
used for sinulation which was decided to be the norning peak
period 6:00 a.mto 1000 a.m The choice of the tinme slice period
will depend on how frequently traffic fluctuates. Experience
shows that within a 15 mnute period, there are wusually not many
abrupt changes occurring in the traffic conditions and one could
observe stationary flow conditions wthin a 15 mnute tine

period. It has also been observed that within a 15 mnute period
and at a speed of 65 nph or even 55 nmph (free flow conditions),
time will be nore than sufficient for any driver to traverse the

freeway between minline origin and mainline destination (or
between San Diego freeway and Harbor freeway).

Selecting a 15 minute time slice period, a four hour tinme period
(6:00 a.m - 1000 a.m wll have 16 tine slices. Aso, it wll be
explained later that setting the starting tine at 6:00 a.m and
the ending tinme at 1000 a.m for simulation is related to
limtations of the software that wll be used for the sinulation
process.

C. MODELI NG APPROACH

It has been explained in chapter-I that the sinulation approach
is the approach to be wused for the purpose of this study. This
chapter will discuss the sinmulation of the Santa WMnica freeway,

while the next <chapter (chapter-l11) wll discuss the simulation

of the arterial or surface street network.



10

1. Freeway Simulation Mdels

There are several freeway sinmulation nobdels which can be used for
different freeway corridor analysis. The paper of WMy [1987] [7]
described five famlies of currently available nbdels wused for
the purpose of freeway sinmulation. The reader is referred to this

paper for a conprehensive «classification, historical devel opment
of these nobdels and their real |ife applications. One of the five
famlies is the FREQ famly. The FREQ nmpdel is a determnistic
demand- supply nmodel at the macroscopic | evel t hat i ncl udes

sinmul ation, optimzation and user response. Shock wave analysis
is used for analyzing queues. For nore details on how the nodel
works, the reader is referred to May and Wng [1987] [S], and
Imada and May [1985] [9]. A wuser-friendly interactive PC version
of FREQ called FREQPC (now version 3.0 has been released) was
used in this study [S].

a. FREQSPC limtations

The FREQ@SPC has a nunmber of constraints which are necessary to be
taken into consideration when applying FREQSPC to any freeway
anal ysi s:

* the space boundaries of the freeway have to be free of

congesti on, i.e free flow conditions on both ends of the
freeway. This 1is inportant to assure accurate and reliable
output results and travel tinmes on the freeway |inks.

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

* the length of the freeway should be such that the maximm

number of subsections is 40, this is approximately 10-15
mles.

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

* the maxi mum nunber of tine slices is 20.

The FREQSPC limtation of congestion free time boundaries inplies
that the tinme period of analysis should start and end with free
flow conditions. This 1is necessary to attain accurate results.
Therefore, the study period extends from 6:00 a.m to 1000 a.m
It is assuned that vehicles entering the freeway anywhere wll be
able to leave it wthin 15 minutes under free flow conditions in
the subsections of study. This is an outcone of FREQSPC free flow
boundary assunptions and space linmitiations.
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G ven t he above constraints, obj ectives and practi cal
considerations, it was decided that limts may start just west of
the San Diego freeway and extends just east of the Harbor
freeway, approximately 10 niles in length. Figure 11-1 shows the
study linmts.

D. DATA COLLECTI ON

The data required for this nodel is di vi ded into three
different categories: suppl vy, demand and freeway performance
dat a.

1. Supply Data

a. Data for the Ceonetric Design_ of the Freeway

Physi cal dimensions of the freeway subsections, ranp |[|ocations
and nunmber of lanes were determned by strip maps wth post
mleage for the freeway corridor under study and the aerial
phot ogr aphs for the freeway between the eastern and the

western limts. The strip maps and the aerial photographs were
provided by CALTRANS District-7. The strip nmaps and the
aerials were hel pful to notice bad curvatures, nature of the
subsecti ons, further checking on Ilengths of subsections and

field capacities which were given by CALTRANS.

b. Sunnested Field Capacities for Freeway Ranps and
Subsections

Net capacities i ncl udi ng mer ge and weaving effects wer e
provi ded by CALTRANS. I'n addition to these, C-D r oad
capacities and on/off ranp capacities were supplied ".

C. Speed- Fl ow Rel ati onshi ns

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

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

a. Ranp and Minline Counts

For the period of analysis 6:00 am - 10: 00 a.m FREQBPC
requires 16 tinme slice traffic counts (each tine slice is a 15
m nute period) for all on and off ramps as well as mainline
origin and mainline destination of the freeway (within the
st udy limts). Thi s i nformation was obt ai ned from t he

following sources:

(1) Existing Database at CALTRANS

CALTRANS has counts for nost of the on and off ranps wthin
the area of study. The traffic counts dated from 1983 to 1988.
These ranmp counts were either mnually collected or nmachine
counts (tube counts). Al on ranmps were controlled wthin the
study limt. New 15 minute counts were <collected at sone of
the C-D road |ocations.

(2) Minline Counts and Connectors * Counts

In January 1988, Video canmeras were already installed by
CALTRANS at the two nmjor freeway interchanges: San Di ego-
Santa Mnica freeway interchange in the west and Harbor-Santa
Monica freeway interchange in the east. These canmeras recorded
traffic between 6:00 a.m 10:00 a.m and the tapes were then
anal yzed manhually at |ITS to attain the 15 mnute 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) Mssing On/Of Ranp Counts

CALTRANS was not able to supply counts at some of the on/off
ranps. These ranp counts were obtained from the <city of Los
Angel es Departnent of Transportation (LADOT).

It is inmportant to renenber that counts wused were gathered at
different tinmes of the year and sonetines 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 segnments that connect one freeway
to another freeway.
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the tinme when this research was carried out.

(4) Occupancy Data

Occupancy for each origin (on-ranp) in each direction of the
freewmay is needed for FREQSPC input. Occupancy is needed in
the form of the proportion of |-passenger, a- passenger, and 3
or nore 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) Fr eeway Per f or nance Dat a Needed for t he Calibration

Process
(a)_ Bottl eneck Location and Travel Tine
Real life speed contour map is needed to l|ocate bottleneck

| ocations and durations and then to conpare with the FREQ speed
contour map and queue diagram

Field measurement speed contour nmaps as shown in figure [11-2
and figure 11-3 (for east and westbound Santa Monica freeway
respectively) were obtained by analysis of one day traffic
tachographs (for the sane study period, i.e 6:00 a.m -10:00 a.m
provided by CALTRANS. Real life travel times in nminutes between
mainline origin and mainline destination were analyzed from the
tachographs and were plotted against tinme slices (1 through 16)
as shown in figure [11-4 and figure 11-5 for eastbound and
westbound directions of the Santa Mnica freeway respectively.

Also sonme descriptive statements about the existing traffic
conditions, congesti on, and bottleneck |ocations and durations
were given by CALTRANS engineers, for exanple:

* During the norning peak period, traffic is always congested at
subsections of the LaCienega C-D road on eastbound direction

of the Santa Mnica freeway and the LABREA C-D road on the
westbound direction of the Santa Mbonica freeway.

E.  SI MULATI ON 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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geonetric design features of the freeway for both eastbound and
west bound directions. For each direction there was a separate
FREQ file (each direction will have its own simulation). The next
step was to add the tinme slice demand data or the 15 mnute
traffic counts to each file. Finally occupancy data was also
coded.

2. Check Coded I nput

Printouts of the input data before sinulation were obtained for
both directions and then were checked with strip maps and aerial
phot ogr aphs. Counts on the time slice demand output wer e
rechecked to nmmke sure the correct data was input. Furt her
automatic checking for the consistency of the nunber of lanes of
the mainline subsection and the nunber of Ilanes of the on/off
ranp is provided by FREQSPC through warning nessages.

3. Sanples of the Input Printout

In different appendices at the end of this report, the reader
will find sanple pages of the geonetric design maps, the tine
slice demand naps, and the vehicle occupancy nmaps. Conplete maps
for both directions eastbound and westbound of the Santa Monica
freeway are available at |ITS, Berkeley.

Appendix -A- entitled "Geonetric Design of +the Santa Monica
Freeway" shows two sanple pages of the output of the freeway
design maps for each direction of the freeway wth subsection

name and its nunber of lanes, length, capacity, speed-flow curve
used (the 65 nph curve) as well as on/off ranp capacities and
their nunber of lanes. It should be nentioned that all capacities
shown in the conplete wmaps are those capacities after final
cal i bration. In the eastbound direction of the Santa Mbnica
freeway, there was a total of 32 subsecti ons, 17 origins
(including mainline origin) and 16 destinations (i ncluding
mai nline destination). In the westbound, there was a total of 30
subsecti ons, 15 origins (including mainline origin) and 16

destinations (including nmainline destination).

Appendix -B- entitled "Tinme Slice Denand Data" for the eastbound
and westbound directions of the Santa Mmnica freeway, shows two
sanple pages of the time slice counts that are entered in FREQSPC
in hourly rates (i.e each 15 mnute count is multiplied by 4).
This 1is optional, however, because in FREQ@PC it is possible to
enter the counts either on the basis of tine slice rate or as
hourly rate.

Appendix -C  entitled "QOccupancy Data" shows the occupancy data
at each subsection for both eastbound and westbound directions.
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Cccupancy is given as the proportion of |-passenger, 2-passenger,
and 3 or npre 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 ranp
occupancy data available, the same occupancy values were used for
all on ranps as well.

4. Base Run

Once the input was conpleted two base runs were nade, 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 wll be conpared to real life data.

F. FREQSPC CALI BRATI ON

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
conparable with the real life freeway link travel tines.

a. Bottleneck Identification

The speed contour mgp was used to identify bottlenecks. In

FREQSPC a speed contour nap shows the nunber 3 in the bottlenecks
to indicate that the speed in the location shown is between 30
and 39 nph. Speeds of 20-29 nmph and 10-19 nph 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

cal i brati on, the advise of CALTRANS was needed to correctly
identify eastbound and westbound bottl enecks | ocati ons and
dur ati ons.

b. Travel Tine

Travel time between minline origin and mainline destination
(which is the longest distance that one can travel on the freeway
wWithin study limts) was used as the basis for conparison between
FREQ travel tinmes and real life travel tines. Since travel tines
fluctuate anong tinme slices, a plot between travel tine and tinme
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slice nunmber shows the fluctuation. Conparison 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 sone were taken even at different
years, (e.g in sone cases, a difference of 3-4 years), the counts
have a problem of lack of consistency. Severe congestion was
shown in the output of FRE@PC. Wen the output was checked and

conpared with real life freeway performance data, it was not
compatible in terns of the size of congesti on caused by
bottl enecks. The traffic counts and the capacities were then
checked again with CALTRANS, but the results were still the sane.
CALTRANS explained this by pointing to the observation of their
engi neers that traffic flow exhibits rmulti-Ievel congesti on

patterns wunder 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 wupon the advice from
CALTRANS and reference to the 1985 Hi ghway Capacity Mnual [I10].
Finally it was decided to use growmh factors of .92 for eastbound
direction of the Santa Mmnica freeway counts and 0.90 for
west bound counts. This was an essential part of the calibration
process and what wll be discussed in the following paragraphs is
the final <calibrated runs for the non-incident situation.

3. Final Resul ts

a. East bound _Fi nal Cali brated Run

The portions of the output needed for the purpose of the
following discussion are included in appendix -D entitled "Non-
i nci dent  Final Calibrated Run for Eastbound Direction of the
Santa Mbnica Freeway" (FREQ@BPC output file <called EB-FINAL. QUT

conplete output is available at ITS). In page -D - and page
-D2-  of the output there is a conplete geonetric desi gn
description for all freeway eastbound subsections. Pages -D3- to
-DS- show the sequence of inportant eastbound freeway events
under non-incident congestion conditions. The inportant freeway
events are sumarized in table 1I-1. The total Iength of the

eastbound direction of the Santa Mnica freeway under study is
52,500 feet shown at the bottom of page -D3-, this is about 9.9
mles Ilength. 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 tw are nmgjor ones: SS#29
bottleneck (Hoover On to Southbound Route 11 Of) which causes
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Table I1-1
Inportant E/B freeway events
under "non-incident" sinulation conditions
Freeway event Ref. [ Time Slice Current Queue build | Queue
and its sequence Pp# | Nunber Bot t | eneck up caused by| | ength
. Location SS botl eneck| (miles)
1. Congestion conmenced D3 3 SSt 29 ** SS#28- - >SS#26 0.5
2. New bottl enecks 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#ZI 2) SS#13 SSH#H12- - >SSHT 1.4
col l'i ded
Z.Al'l queues collided D6 8 SS#29 SS#28- - >SS#6 6.2
and maxi num queue a maj or
| ength occurs. bott | eneck
5. Queues start to D7 9 1) SS#29 SS#28- - >SSHl 6 3.8
di ssi pate 2) SS#l 3 SS#13- - >SSHT 1.9
S. Free flow condition DS 14
* See Appendix -D
** SS#29 is a synbol 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 tinme slice 13, and
SS#13 bottleneck (Washington On to Southbound LaBrea Of) which
begins in time slice 4 and ends in time slice 13. The third
bottl eneck SS#2I (Arlington On to Wstern Of) is |less severe
than the other two, its effect starts in tine 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
anal ysis period).

Travel tinmes in ninutes on freeway |links (or subsections) in each
tine slice are summarized in FREQSPC output. For exanple, page
-DIO shows travel time matrix for tine slice 1 (6:00 a.m -
6:15 a.m between origins and destinations. This matrix is

repeated for the next fifteen tine slices.

Superi nmposi ng of the travel time from mainline origin to
mai nline 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 tine). Superinposed speed
contour maps are shown in figure 11-7. Wwen looking at the two

conpari sons, it should be remenbered that the FREQSPC out put
results are conpared 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 Wstbound Santa Monica
Freeway" (FREQSPC output file called WB-FINAL.OUT), conpl ete
output is available at |ITS. 1In page -El- and page -E2- of the
output there is a conplete geonetric design description for all

freeway westbound subsections. Pages -E3- to -E9- show the
sequence of inportant westbound freeway events under non-incident
congesti on condi tions. The i mport ant freeway events are

sunmarized in table 11-2.

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

The queue diagram page -EIO of the output (appendix -E-) shows
the major bottleneck SS#26 (National Of to Overland Of) wth
congesti on extending from time slice 5 to tine slice 13 and
another three bottlenecks: SS#22 (Fairfax On to LaC enega n)
where congestion starts in time slice 4 and ends in tine slice
12, SS#24 (Robertson Of to Robertson On) which causes congestion
from time slice 6 to time slice 12, and SS#I5 (Crenshaw On to
Nort hbound LaBrea Of) i.e the GCD road bottleneck which starts
in time slice 3 and ends in tine slice 10.
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Table I1-2

| nportant WB freeway events
under non-incident sinulation conditions

Freeway event Ref. | Time Slice Current Queue build | Queue
and its sequence PP# Nunber Bot t | eneck up caused by| length
. Location SS bottleneck| (mles)
1. Congestion comenced E3 3 Ss#15 part of SS#14 0.2
2. New bottl enecks E4 4 1) SS#22 part of SS#21 0.2
2) SSH#l5 SS#14- - >SS#13 0.8
. New bottl enecks 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) SSHI 5 SS#14- - >SSH#12 1.2
& Al'l queues collided| E6 8 SS#26 SS#25- - >SS#13 4.4
& Maxi mum queue |ength E7 9 SS#26 SS#25- - >SS#13 4.5
occurs. (maj or bot.)
€). Queues start to ES 10 1) SS#26 SS#25- - >SS#14 4.0
di ssi pate
€. Free flow condition| E9 14

* See Appendix -E-
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Superinmposi ng of the travel time from minline origin to
mai nline 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 10% of the travel tine). Superinposed 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 FREEVWAY | NCI DENT SI MULATI ON 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 denbnstrate 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 norning, the eastbound direction
was the candidate for introducing the incident.

1. I nci dent Scenari o

a. | nci dent 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 Ilinmts. Because that is
nor e likely to cause boundary congesti on, whi ch gi ves
i naccurate results and makes it difficult to sinmulate the
freeway traffic conditions.

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

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

Gven the above constraints, a number of trials were nmade and it
was decided that subsection 12 (Venice On to Wshington On) is a
good candidate for this denonstration. It is theoretically
possible to denobnstrate an incident situation in any subsection
of the freeway, however, travel tinme savings and the diverting
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ability will be different.

The incident on the freeway can take many forns. For exanple a
vehicle stopped in one of the lanes, a rear end collision
acci dent, 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, whhen the incident is cleared by police and
ener gency, unti | the capacity of the subsection retains its
original |evel.

b. I nci dent Severity

FREQSPC space and time limtations (i.e congesti on free
boundari es) does not allow to introduce a mmjor incident, for

exanple an accident that blocks two or nore lanes in a four |ane
subsection for nore than one hour. A so the introduction of the
incident in a tine slice when the freeway is heavily congested is

desirabl e, 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 mmjor effect in the

formation of the new bottlenecks or making significant trave
time differences between incident and non-incident situation.

C | nci dent Dur ati on

Finally, it was decided that an incident would be introduced 1| n
SS#l2 in tinme slice 3 (6:30-6:45), just before traffic starts to
get heavy, and continues for 45 minutes for a total of three tine

slices. It is an incident wth capacity changes as the follow ng
table 11-3 suggests:
Table 11-3
Tine 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 nore than two
|lanes are blocked. 1In time slice 5, capacity starts recovering
(5500 vph) because police and energency are in the process of
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clearing the incident and by tinme slice 6, SS#l 2 retains its
original capacity of 9300 vph.

2. Final Incident Sinulation 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 tinme slice 3, page -Fl-, SS#l2 (Venice On to
Washington On) becanme a new bottleneck causing queue to build up
from SS#II (Fairfax Of to Venice On) to SS#7 (National On to

Sout hbound LaCienega Of). In tine slice 5 the queue reaches part
of SS#l (Mainline Oigin to Route 405 On) but does not cover it
all, therefore still not violating FRE@PC linmitations.

In time slice 6page -F2- SS#HI2 is no longer a bottleneck
(demands7559 vph and |ess than subsection capacity of 9300 vph).

New three bottlenecks form SS#13 (Washington On to Southbound
LaBrea Of), SS#21 (Arlington On Western Of) and SS#29 (Hoover
On to Southbound Routell O f). Subsection 29 was known to be a
maj or bottleneck from the recurring congestion analysis of table
II-1. Subsection 13 nmakes 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#!3 and drivers suffer from further delay again.

In tine 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-. 1In
time slice 9. page -F5- the queue caused by SS#2l starts to
di ssipate and disappears conpletely in time slice 10. The queue
caused by bottleneck SS#29 also starts to dissipate In tinme slice

10 and disappears conpletely in time slice 13. In time slice 12
gueues caused by bottleneck in SS#12 begins to dissipate and
di sappears conpletely by tine slice 16. In tinme slice 16, page -
F9-, the freeway is alnost congestion free. The above analysis is

summarized in table 11-4.

The queue diagram page -FIO graphically summarizes the previous
di scussion and shows the four bottleneck |ocations: SS#12, SS#13,
SS#2l, SS#29 with their durations. Since SS#13, SS#2| and SS#29
were also bottlenecks in the recurring congestion condition, it
mght be helpful to conpare their durations wunder non-incident
and incident FRE@PC simulation conditions. The conparison is
shown in table 11-5.

3. Fi nal Resul ts

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

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

Freeway event IRef. |Trime Slice| Current Queue build | Queue
and its sequence Ipp# | Nunber Bot t | eneck up caused by| length
Location SS bottleneck| (miles)
it
| . Congestion starts Fl 3 Ss#12 ISSH#| | - - >SS#17 0.8
suddenly as incident.
occurs in SS#l 2
2. Queue reaches SS#l F2 5 Ss#12 ISSHI | - - >SSHI 3.7
but does not cover
it all.
3. New bottl enecks F3 6 1) SS#29 SS#28- - >SS#26 0.6
2) SS#2| SS#20- - >SS#19 0.4
3) SS#13 SSH| 2- - >SSHI 4.1
4. Queues caused by F4 8 1) SS#29 SS#28- - >SS#22 1.6
starts to dissipate 2) Ss#21 SS#20- - >SS#19 0.7
3) SS#13 SSHl 2- - >SSHI 3.9
5. Queue caused by F5 9 1) SS#29 SS#28- - >SS#22 1.7
bottl eneck SS#21 2) Ss#21 SS#20- - >SS#19 0.3
starts to dissipate 3) SSH#l 3 SS#12- - >SSH2 3.5
6. Queue caused by F6 10 1) SS#29 SS#28- - >SS#22 1.5
SS#29 starts to 2) ss#13 SS#12- - >SS#3 3.3
di ssi pat e.
7.Free flow condition | F9 16 - - -

* See Appendix -F-
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Table 11-5

Conparison between duration of common E/ B bottlenecks

i nci dent sinulation conditions

Non-incident Congestion

Incident Congestion

Starting Ending Congestion Starting Ending Congestion
SS# {Time Slice |Time Slice| Duration Time Slice Time Slice Duration
(minutes)
4 13 150 min. 6 16 165 min.
13 |6:45 - 7:00[9:00-9:15 |(2.5 hrs) 7:15 - 7:30|9:45 - 10:00((2.75 hrs.)
4 12 135 min. 6 9 60 min.
21 16:45 - 7:00|8:45-9:00 |{(2.25 hrs){| 7:15 -~ 7:30| 8:00 - 8:15]| (1 hr )
3 12 165 mn. 6 12 105 mn.
29 |6:30 - 6:45]8:45-9:00 |(2.75 hrs) 7:15 - 7:30(8:45 9:00 (1.75 hrs)
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non-incident sinulation Jlasts longer (this can be verified by
conmpari son of incident and non-incident queue diagranms previously
di scussed for the eastbound direction). Conversely SS#13 has
| onger congestion effects in the incident sinulation condition
than in the non-incident sinulation 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
| ocated downstream of SS#l2, imediately after the the incident
| ocation, then obviously it is going to be wrse than -everyday
congestion, because this bottleneck nust handle the traffic that
suffered from the incident delay which rushes through it after
the traffic is released.

H. SUMMARY RESULTS orF THE FREEWAY SI MULATI ON PROCESS

1. I nput Requirements of the Network WMbdel

The main output of this chapter was the travel tinmes on both

directions of the Santa Monica freeway |inks under non- |ncident
situation and also the travel times for eastbound direction of
the Santa Mnica freeway |inks wunder incident induced situation

These are the input requirenents for the network nopdel discussed
in chapter 1IV.

a. Non-i nci dent Si tuation

(1) Eastbound Direction of the Santa Mnica Freeway Travel Tinme

Matri x:
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 tine
matrix, page -DIO of the output for non-incident sinmulation of
eastbound direction of the Santa Mnica freeway, appendix -D-.
Producing this matrix for 16 time slices yields a total of 2624
cells to be filled with estimted travel tines between any
upstream origin and any downstream destination

(2) Westbound Direction of the Santa Mnica Freeway Travel Tine
Matri x:

Simlarly, for each time slice one through sixteen, In the non-
i nci dent situation, travel tinmes between origins and destinations
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were estimted for each of the 160 cells shown In the travel tinme
matrix, page -ElI- of the output for non-incident sinulation 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 westimted travel tines between any
upstream origin and any downstream destination.

There wll be a total of 5184 travel time cells for bot h
directions wth non-i nci dent situation, this nunmber represents
all possible travel tines on freeway links, and the cells of the

matrices are the input for the network nodel wunder non-incident
simul ation conditions.

b. lncident Situation

This will be done only for the eastbound direction and the sane
total nunber of <cells in the travel tine matrices for 16 tine
slices as in the non-incident case, i.e 2624, wll have to be
cal cul ated again wusing FREQ wunder incident situation. Wstbound
freeway link costs are assuned to stay as they were In the non-
i nci dent condition, because the incident is Introduced only In
the eastbound direction. Figure 11-10 shows the stack of 16

matrices for the eastbound direction with each matrix conposed of
164 cells for the two cases under incident and under non-incident
congestion conditions.
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CHAPTER 111 - SURFACE STREET TRAVEL TI MES

A. | NTRODUCTI ON

This chapter di scusses the processes undertaken for the in-
vehicle navigation project |In estimating vehicle travel tinmes on

i ndi vi dual links of the arterial network. Figure IIl1-1 outlines
these processes. The objective in selecting the appropriate
arteri al network was to choose an adequate network of surface

street facilities adjacent to the Santa Mmnica freeway (I-10)
that would provide alternate routes for freeway travellers. These
alternate routes are either actually wutilized by local drivers
t oday 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 Cty of
Los Angeles' Departnment of Transportation (LADOT), w thout whose
cooperation this portion of the project would not have been
possi bl e. The overall size of the network was linmted by data
availability and nmanpower constraints.

A conputer si mul ati on nodel was utilized (see " MODELI NG
APPROACH', p.41) in order to create and save for possible uses
in the future a sinulation test bed for the arterial network (see

chapter 1). A speed/delay study would provide link travel tines
just as the sinulation nodel does. However, possi ble future
st udi es of looking at corridor equilibrium for |Instance, wil |

require a conputerized simulation test bed. Also, the sinulation
t est bed can be used for future ATSAC (Automated Traffic
Surveillance and Control) pl anni ng and denonstration studies
of in-vehicle information systens In Los Angeles. A speed/delay
study was performed by LADOT for nodel calibration purposes (see
" CALI BRATI ON PROCESS", p.46).

B. STUDY NETWORK

Three nmajor east/west surface arterials parallel to the Santa
Monica freeway were selected along with the major nort h/ sout h
arterials intersecting the east/west arterials at signhalized
intersections and intersecting the Santa Monica freeway at
signalized on/off ramps (see Figure 111-S5).

The three nmajor east/west parallel arterials chosen were:
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1. Adans Boul evard:

Approximately 0.1 - 0.4 nile sout h of the Santa Mbnica
freeway, traversing 5.5 mles from Fairfax Avenue on the west end
to Flower Street on the east end of the project.

2. Washi ngt on Boul evar d:

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

3. Veni ce Boul evard:

Extending south of the Santa Mnica freeway from the San D ego

freeway (1-405) on the west end of the project at Sawtel | e
Boul evard, to north of the Santa Monica freeway on the east
end of the project at Figueroa Street, traversing a distance

of 9.5 mles. Also, Palns Boulevard and National Boulevard on the
west end of the project south of the Santa Mnica freeway were
chosen to be included in the network in order to provide
continuity in the network on the west end.

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

1)Sawtel l e Bl vd.
2) Sepul veda Bl vd.
3)Overland Ave.

4) Hughes Ave.

5) Robertson Bl vd.
6) Nat i onal Bl vd.
7)La GCienega Blvd.
8)Cadillac Ave.
9)Fairfax Ave.

10) Appl e St.

1) Hauser Bl vd.
12)La Brea Ave.
13) Vinyard/ San Vicente Bl vd.
14) Crenshaw Bl vd.
15)Arlington Ave.
16) Western  Ave.
17) Nor mandi e  Ave.
18) Vernont  Ave.
19) Hoover St.

20) Figueroa St.
21) Fl oner St.
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The network is conposed of eighty (80) signalized intersections
or nodes and over five hundred sixty (560) Iinks. Due to the
constraints on selecting the size of the network (see "MODELING
APPROACH", p.43) there are signalized intersections ("minor"
i ntersections) not chosen to be included in the network |ocated
in between the eighty nodes selected to conprise the network.

Table 1I11-1 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 i ncl uded.

The added delays for the "minor" signalized intersections not
included in the TRANSYT nodel were analyzed separately (i.e.
speed/ del ay study) and later added to the link travel times

utilized by the network nodel described in chapter four.

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

C. MODELI NG APPROACH

The conmputer nodel wused for this in-vehicle navigation project to

sinmulate the arterial network is the TRANSYT nodel, version 7F
rel ease 5.0, nodi fied to provide for a one hundred node
capability and for an actuated si gnal capability (see

description below). The acronym "TRANSYT-7F" stands for TRAffic
Network Study Tool, version 7F where the "F'indicates that this
is the FHWA version of TRANSYT-7.

Anot her proj ect ongoing concurrently in t he Institute of
Transportation Studies at the University of California, Ber kel ey
during the tinme of this project was the nodification of  TRANSYT-
7F, release 5.0, the purpose of which was to enable the nodel to
simulate actuated signals in a network. This nodified version of
TRANSYT-7F is entitled TRANSYT-7FC. A prelimnary working version
of TRANSYT-7FC (Novenber 1987) was wutilized for this project.
The prelimnary working version of TRANSYT-7FC was deenmed to be
in satisfactory wor ki ng order to be wutilized for the in-
vehicle navigation project. See Appendix G for a description of
this nodification to TRANSYT-7F.

The standard di mensi ons 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 dinensions
of the program or divide the network into two or nore smaller
sections.
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TABLE I11-1
AVERAGE LI NK DI STANCES AND
NUMBER OF NODES EXCLUDED

EW Arterial No. of Nodes Aver age * "M nor* Nodes
| ncl uded TRANSYT Not | ncl uded
I n Network Li nk I n Network
Di stance (m)
No. Per cent
Adans Bl vd 9 0. 69 10 53%
Washi ngton Bl vd 11 0.59 11 50%
Veni ce Bl vd 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 neasured stop delay in the LADOT
field study greater than zero.
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For this in-vehicle navigation project, the dinensions of the
TRANSYT-7F  nodel nodi fied to handle actuated signals wer e
expanded to acconmpdate one hundred nodes and six hundred 1inks
(hereafter sinmply referred to as the TRANSYT nodel).
Theoretically, the dinensions of the program could be expanded
further. However, the size of the network is |limted due to tine,

budget, and data availability constraints.

The specific output from the TRANSYT nodel that is needed to

cal cul ate trip costs are the link distances, cruise speeds, and
t he link average delay. The total travel time for a particular

vehicle from an upstream node to a downstream node is the non-

del ay travel time at cruise speed over the length of the 1ink
plus the average delay for that particular link at the downstream
node. A particular trip cost through the arterial network is thus
the summtion of the total travel tinmes for each link that the

trip traverses.

D. DATA COLLECTI ON

The data required for the TRANSYT nodel can be summarized as
foll ows:

-Demand Paraneters

-Supply Paraneters

-Control Paraneters
All data required for the TRANSYT nobdel was provided by the city
of Los Angeles' Departnent of Transportation (LADOT).

1. Demand Par aneters

The demand paraneters consist of traffic volunmes per link in the
net wor k. Turning novenent counts were provided for ei ghty (80)
signalized intersections. The counts wutilized consist of hourly
passenger car and pedestrian vol unes extending from 7-10 A M
in the norning for all four approaches to the intersection.
Traffic vol unes for the 6-7 AM period were estimated by

reducing the 7-8 A M counts by twenty percent.

Heavy vehicle counts provided consist of the total nunber of dual
wheel ed vehicles and buses observed over the peak period for each
approach. Heavy vehicle volunmes 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
Decenmber  1987.
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2. Supply Paraneters

The sSuyppLYy paraneters consist of the nunber of |anes and the
i deal saturation flows per link for each intersection approach.

The saturation flows used for each link come as a result of
recommendati ons from the TRANSYT user's manual and from

di scussions with LADOT over a period of several nont hs  during
the calibration of the nodel (see "CALIBRATION PROCESS', p.46).
Table I11-2 sunmarizes the general guidelines established for
saturation flows. Oher network data required are link distances
and cruise speeds along Ilinks.
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TABLE [11-2
| DEAL SATURATI ON FLONG

Movenent Type | deal Saturation Flow
__________________________________________________ (vehgpl) .
Excl usive Thru 1700
Exclusive Left (Protected) 1600

Excl usive Right 1450

Shared Thru-Ri ght 1700

Shared Thru-Left (See Note 1)
Exclusive Left (Permitted) (See Note 2)
Note 1

Saturation Flows for shared thru-left novenents were cal cul ated
by reducing the ideal saturation flow for an exclusive thru
novenment (1700) by applying a left turn factor. The Ileft turn
factor was calculated wutilizing procedures in the 1985 Hi ghway
Capacity Mnual (chapter 9) via the H ghway Capacity Sof t war e
package for signalized intersections. An absolute mininum of 450
vphgpl is used as a result of advice from the «city of Los
Angel es' Departnment of Transportation.

Note 2

Saturation flows for exclusive left turning novenents with
permitted phasing was calculated based wupon the relationship
of the exclusive left permtted saturation flow rate versus the
opposing flow rate. This relationship was depicted in a 1988

Transportation Research Board paper entitled "CALSIG - An
I ntroduction of Met hodol ogies for the Design and Analysis of
Signalized Intersections"; witten by Mchael J. Cassidy and

Professor A.D. May of the Institute of Transportation St udi es,
University of California, Berkeley.

This saturation flow rate versus opposing flow rate relationship
is taken directly from procedures outlined in the 1985 Hi ghway
Capacity Mnual . Again, an absolute mninmum of 450 vphgpl is
used.
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3. Control Par anet er s

The control paraneters required for the TRANSYT nodel consist of
si gnal timng data such as interval | engt hs, m ni rum phase
dur ati ons, cycle | engt hs, of fsets/yield points, reference
intervals, type of signal <control (i.e. pretined, seni-actuated,
or fully actuated), and phase sequencing.

E.  SI MULATI ON PROCESS

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

The data collection procedures began on Septenber 25, 1987 with a
"kick-of f" nmeeting in Los Angel es, California wth
representatives from the three nmajor parties in this project
being present, nanely; the Institute of Transportation Studies at
the University of California, Berkeley (ITS), the City of Los

Angel es' Depart ment of Transportation (LADOT), and the State
Depart ment of Transportation (CALTRANS) . At this neeting, t he
scope of this project and t he data requirenments and
col l ection responsibilities were agreed upon between the mgjor
parties |isted above.

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

F. CALI BRATI ON PROCESS

After the coding of the network into the TRANSYT nodel and the

initial sinmul ati on run is made, calibration of the nodel is
required if the results from the TRANSYT sinulation do not
portray real-life conditions to the degree of accuracy desired.

The calibration of the TRANSYT sinulation was based upon the
resul t ant travel times from the TRANSYT sinulation for the
eastbound and westbound thru links for the three nmmjor east / west
arterials included in this study (Adans Blvd., Wshington Blvd.,
and Venice Blvd.) and the results from a speed/delay study
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performed by LADOT from Septenber 1987 to March 1988 on the same
thru 1links for the same three ngjor east/ west arterials.
Calibration was also based upon the know edge of | ocal traffic
conditions by experienced LADOT engineers.

For conparison purposes, the LADOT field study link travel tinmes
were adjusted for the "mnor" intersections along the east/west
arterials that were not included in the coding of the TRANSYT
net wor k (see "STUDY NETWORK', p.37). The adjustment consisted

of subtracting t he aver age st opped del ay at t he
"mnor" intersections (as measured in t he field st udy)
and the decel eration/acceleration del ay per stop
(esti mat ed at 10 set/stop) at t he "mnor" intersections
from the field study average link travel time. These adjusted
field study link travel tinmes were then conpared to the TRANSYT
simul ati on link travel tinmes as a basis for the determnation

of accuracy of the TRANSYT sinulation.

As stated earlier in the "Study Network"” section on page 41, the
delays at the "mnor" intersections were added to the TRANSYT
link travel tines before downloading the link travel tinmes into
the network nodel.

Conparisons between the field study and TRANSYT sinulation
eastbound Ilink travel times for Adans Blvd., Washi ngton
Blvd., and Venice Blvd. can be found in figures [11-3 through
I11-5 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
neetings with LADOT concerning calibration was held. By April 8,
1988, eighty (80) nodes had been coded into the TRANSYT nodel and
the second neeting with LADOT concerning calibration had Dbeen
hel d.

The first calibration neeting wth LADOT on February 18, 1988
consisted of reviewing various output from the TRANSYT sinulation

with LADOT personnel and evaluating the output based on the
know edge and experience of the [ ocal LADOT personnel. The
TRANSYT out put primarily reviewed was t he degree of
saturation, or v/ic 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 sinulation. A weakness with the TRANSYT nodel

is that when an i ntersection becones over sat ur at ed, t he
esti mati ons of i ntersection delay becone |ess accurate. After

the final calibration was conpl et ed, i ntersections Wi th
oversaturated links did exi st, particularly left turning
novement s.

Before the calibration neeting 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 conpared with the TRANSYT
simulation link travel times for the eastbound and westbound thru
novenment links for the three nmmjor east/west arterials. These

conparisons were the primary focus of this calibration neeting.

A TRANSYT optimzation run (7-8 A M) was made as a check for any

gr oss errors in coding the i nput data that nmi ght have
occurred i mprovements in the performance index (and thus
travel times) were to exceed certain percentage, say
fifteen to twenty percent (15% 20>), t hen this could be
an i ndi cation that erroneous dat a had been coded in the
TRANSYT nodel . For the network a whole there was an
approxi mately twenty per cent (20% i npr ovement in the
perfornmance index. For t he east bound (and west bound) thru
novenment s specifically, general ly no significant inprovenent
was made in the optimzation run. By May 6, 1988, final

calibration adjustnments had been made and the final TRANSYT
simulation results had been sent to LADOI.

G RESULTS

The specific output of interest from the TRANSYT sinulation nodel
IS the total travel time per link in seconds per Vvehicle
(sec/veh). The total travel time per link is conposed of the free
flow travel tinme wupstream of an intersection plus the turning
novenents 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 |Ilink 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 sunmation of travel times for all [|inks

traversed in a particular trip.

Eastbound (and westbound) thru Ilink travel tinme conparisons were
made between the LADOT field study (7-9 A M) and the TRANSYT
nmodel (7-8 A M) results for the three nmjor east/west arterials.

The results are shown on figures 111-3, 111-4, and I11-5 on pages
50-52 (and figures HI, H2 and H3 in appendix H). An
expl anati on of these figures is as follows. Tables I11-3
thru Il11-7 on pages 53 thru 56 acconmpany figures 111-3,4 and 5.

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

FS (-1 : LADOT field study eastbound (or westbound) thru 1link
travel times adjusted by subtracting delays at t he
"m nor" intersections not included in the TRANSYT
net wor k.

T7F SIM: The TRANSYT simulation (7-8 A M) eastbound thru [|ink
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travel tines.

T7F OPT : The TRANSYT optinization (7-8 A M) eastbound thru Iink
travel tines.

The TRANSYT sinulation was conpared to the adjusted field study

for nodel <calibration purposes. Tables 111-3,4, and 6 on pages
54 thru 56 show the actual arithnetic differences in eastbound
thru link travel tines between the adjusted LADOT field study
and the final cal i brated TRANSYT si mul ation for Adans,

Washi ngton, and Venice Boulevards. Table [111-7 sunmarizes the
di fferences bet ween these travel tinmes. As noted in t he
title, the values in table 111-3 are absolute val ues.

Traversing the entire length of Adans Blvd. on the eastbound thru
links from Fairfax Ave. to Figueroa St. (5.5 m), the TRANSYT
simulation cunulative travel time is approximately 55 seconds
(0.92 mn) or 7% less than the adjusted LADOT field study.

Traversing the entire length of Wshington Blvd. on the eastbound

thru links from Fairfax  Ave. to Figueroa St. (5.9 nl).
t he TRANSYT  simul ation cunul ative travel time is
approxi mately 19 seconds (0.32 mn) or 2$ greater than the
adjusted LADOT field study. Traversing the entire length of
Venice Blvd. on the eastbound thru links from Sawtelle BIvd.
to Figueroa St. (9.5 m), the TRANSYT simulation cunulative

travel time is approximtely 170 seconds (2.8 min) or 11% less
than the adjusted LADOT field study.

Al so, 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 sinulation.

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 I11-3

CROSS STREET

EASTBOUND
CUMULATI VE
DI STANCE (i)

| DENTI FI CATI ON

TRANSYT
| NTERSECTI ON
NCDE NUMBER

ARTERI AL

Adans Bl vd.

Washi ngton Bl vd.
Veni ce Bl vd.

ok A~LOWONEO
Vo RrORRRERO

gahARRrLOWONEROOO
OrRORORDMRMOIRO

O OWWNMNNNMEOOO
DONUINONOUIONO

©OPXNNS O
UROoOR OO

Fairfax Ave.
La Brea Ave.
Crenshaw Bl vd.
Arlington Ave.
Western Ave.
Nor mandi e Ave.
Ver nont Ave.
Hoover St.

Fi gueroa St.

Fairfax Ave.
Apple St.
Hauser Bl vd.
La Brea Ave.
Crenshaw Bl vd.
Arlington Ave.
Western Ave.
Nor mandi e Ave.
Ver nont Ave.
Hoover St.

Fi gueroa St.

Sawtel l e Bl vd.
Sepul veda Bl vd.
Overland Ave.
Hughes Ave.
Rober t son
Nat i onal

Bl vd.
Bl vd.

La Cienega Blvd.

Cadill ac Ave.
Fairfax Ave.
Hauser Bl vd.
La Brea Ave.

Vi nyar d/ San
Vicente Bl vd.
Crenshaw Bl vd.
Arlington Ave.
Western Ave.
Nor mandi e Ave.
Ver nont Ave.
Hoover St.

Fi gueroa St
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TABLE I111-4
ADAMS  BOULEVARD
EASTBOUND THRU LINK TRAVEL TI MES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR | NDI VI DUAL | NTERSECTI ONS

CUMULATI VE ADJUSTED L. A TRANSYT ARI THVETI C
DI STANCE (mi) FI ELD STUDY S| MULATI ON DI FFERENCE
I NAL  CALI BRATI ON

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 111-5
WASHI NGTON  BOULEVARD
EASTBOUND THRU LINK TRAVEL TIMES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR I NDI VI DUAL | NTERSECTI ONS

CUMULATI VE ADJUSTED L. A TRANSYT ARI THMVETI C
DI STANCE (mi) FI ELD STUDY S| MULATI ON DI FFERENCE
I NAL  CALI BRATI ON

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
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TABLE 111-6
VENI CE BOULEVARD
EASTBOUND THRU LINK TRAVEL TI MES

EB THRU LINK TRAVEL TIMES (sec/veh)
FOR I NDI VI DUAL | NTERSECTI ONS

CUMULATI VE ADJUSTED L. A TRANSYT ARI THVETI C
DI STANCE (m) FI ELD STUDY S| MULATI ON DI FFERENCE
FI NAL  CALI BRATI ON

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 I11-7
EASTBOUND THRU LINK TRAVEL TIME DI FFERENCE BETWEEN
ADJUSTED LADOT FIELD STUDY AND FINAL CALI BRATED TRANSYT
S| MULATI ON  (Absol ute Val ue) (sec/ veh)

ARTERI AL Aver age Maxi mum M ni mum

Adans Bl vd. 11.5 34.5 2.2
(8 intersections)

Washi ngton Bl vd. 5.1 14. 4 0.4
(10 intersections)

Veni ce Bl vd. 14.5 67.6 0.9
(18 intersections)
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CHAPTER 1V - NETWORK MODEL

A | NTRODUCTI ON

This section describes the project task in which:

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

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

The conputer prograns were developed to nerge output files from
TRANSYT and FREQ with the network data base, and to find shortest

and wuser-specified path costs through the network. The database
itself was mmintained in a spreadsheet fornat.

B. NETWORK  DESI GN

The network used in this part of the project is simlar to the
network specified in the TRANSYT and FREQ nodels. It incorporates
the arterial streets included in the TRANSYT nodel, and all
freeway sections and ranps included in the FREQ npdel, into a
single network representation of the corridor.

A conmputer program called PATHNET, was used to find mninmm cost

routes through the corridor, and to tabulate the cost of user-
specified routes. PATHNET is a prototype version of a
generalized net wor k anal ysi s package written in Maci nt osh
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 di fferent from the TRANSYT and FREQ network
representation in several respects.

PATHNET wuses a fully directed graph (unidirectional |Ilinks) to
facilitate t he representation of turn movenent s, t he
i mpl erentation 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 novenent |links to nmake up a single intersection.
This group of |Ilinks and nodes is equivalent to the 12-link
arrangenent well known to users of TRANSYT, (see appendix 1).

These clusters of nodes and links, representing intersections,
are conbined wth nodes and |links representing segnents of
arterials between signalized intersections, freeway sections, and
ranps, into a complete network nodel of the «corridor. 1In a

conbined network, illustrated in Figure IV-1, sone of the I|inks
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represent arterial through novenents, others represent freeway
sections, and others represent ranps. A travel cost is
associated with each 1link in the network. This cost is the
travel time; the source for each link travel tinme is different,

depending on the link type.

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

.Oigin node number and destination node nunber.

.A travel cost, determined in various ways.

A link type.
Al'though this type of representing the street network adds to the
nunber of nodes and links, the added conplexity of the database
is offset by a decrease in the conplexity of the algorithnms

required to conpute mninum cost routes and travel tines

The generic, fully-directed network allows a generalized m ninum
cost algorithm to find its way through the network without

produci ng i nadvert ent | oops or U-turns. In addi ti on, at
intersections, it allows each Ilink representing a turning
novenent to be assigned a separate cost.

As nmentioned above, a travel cost is associated with each link in
the network. This travel tinme is obtained by different neans,

depending on the link type:

1. Turning Movenent Links

The travel tinme for these links was obtained directly from the
TRANSYT nodel [|ink performance output statistic "average delays*',
with additional travel tinme added to certain links to account for
m d-link signalized intersections not included in the TRANSYT
nodel . Since TRANSYT calculates average delay by taking the
average total link travel time, which includes average traffic

si gnal del ays, and subtracting the average free-running trave

tine, the average delay statistic can be incorporated directly
into the PATHNET nodel as the travel time for turning novenent
l'i nks. If the free-running travel time is wused as the travel
tine for arterial through Ilinks in PATHNET, then the travel cost
of successive pairs of arterial through and turning novenent

links in PATHNET will be the total travel time between
i ntersections. The value of the arterial through link cost wll
represent the free-running conponent of the travel time, and the
turning novenment |ink cost wll represent the delay part of the

travel tine.
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2. Arterial Through Links

The cost for these links was the free-speed travel tinme, obtained
by dividing the length of the link by its operating speed. The
operating speed was assuned to be 30 nph for all arterial 1links
in the network. Lengths of the links were obtained from maps.

3. Freeway Links

The cost of these links is obtained directly from FREQ nodel
output, which prints the travel time for each freeway section

The network nodel is constructed so that each PATHNET freeway
link corresponds directly to a FREQ nodel freeway section. In

this way the freeway links in the PATHNET nodel can be updated
directly from FREQ data for each of the 16 tine slices in both
the recurring and non-recurring congestion scenarios.

4, Entrance and Exit Ranps

Travel times for these |link types were calculated wusing a
constant accel eration/decel eration nodel. A value of 5 feet/sec?
was used. For an entrance ranp, the time was calculated for the
vehicle to travel the length of ranp while accelerating from 20
towards a nmaximum of 60 nph, and, if any distance remained on the
ranp, for traveling the remaining distance at a constant speed of
60 nph. For exit ranps, the tine was calculated for the vehicle
to travel the length of the ranp while decelerating from 60 to a
m ni rum of 20 nph, and, if any distance remained, to traverse the
remai ning distance at 20 nph. In both cases the length of the

ranp was obtained from nmaps.

C UPDATI NG LINK TRAVEL TI MES

The network database was replicated 32 times, once for each
different 15-minute tinme slice in each of the recurring and non-

recurring congestion scenarios. Freeway travel times were
different for each tinme slice, and turning nobvenent travel tines
were different for each hour (set of four time slices). A

conputer program PATHMOD, was created for this task and used to
update the database for each replicant.

Travel tinmes for arterial through Ilinks and ranp |inks remained
constant for all tine slices. (Recall that arterial through
links reflect only the free-speed travel tinme for streets, and
that delays are represented by travel costs of the turning

novenent links.)
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D. TABULATI NG ROUTE COSTS

PATHNET prints a report, listing sequentially the links in the
mninmum cost path and the cunulative route cost for each link.
M nimum cost paths are calculated by PATHNET wusing Dijkstra's
al gorithm This algorithm is described in nost elenmentary
operation research t ext books. G ven origin node and a
destination node, Dijkstra's algorithm finds the mnimm cost
route through a network iif one exists, but is not capable of
determi ning whether nmultiple mninmm cost routes exist. However,
due to the conplexity of the network nodel of the corridor, it is
unlikely that nmultiple mninmum cost paths exist.

In this network nodel, link costs are fixed in tine wthin one
time slice, rather than dynanmically 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
m nutes | ong. Since time slices are 15 mnutes long, this nmeans
that a 20-minute route that begins in time slice N wll end in
time slice Nt . 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 nunbers. PATHNET generates a printed report
giving the cunulative path cost [19].*

"Freeway- bi ased" and "arterial-biased" routes are generated by
using a conbination or PATHNET's mininmum 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
comuters in the corridor. Designed in cooperation wth Comuter
Transportation Servi ces, Inc., t he quasi - public agency
coordinating van and car pooling services for the Los Angeles
area, and Paul Fower of the Southern California Auto Cub, the

*

See: Deo, Narsingh, 1936-. Guaph theory wth applications to
engi neering and computer sci ence. Engl ewood Cliffs, N.J.,

Prentice- Hal | (1974). Series title: Prenti ce- Hal | series in
automatic conputation. CSL Main Lib TA 338 G/ D46 Cenera

Collection. Also see Hillier and Liebernan
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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 sone other reason

The database wused for the survey was Conmuter Transportation
Services's sizable data base of van and car pool riders and

drivers. Pot enti al respondents were pre-selected by identifying
nmenbers from the data base living and working in certain zones
likely to result in corridor use. (The zone system wused by
C.T.S. coincides wth the coordinate system used in the popular
Thomas Brothers map of Los Angeles County.) Oigin zones used
were relatively close to the corridor, primarily in the Santa
Moni ca, sout hern Beverly Hills, and Cul ver city ar eas.

Destination zones were in downtown Los Angeles at the eastern
termnus of the corridor

These relatively close-in zones were selected, r at her t han
further-out zones, because the probability of finding a SMART
Corridor wuser was greater in a close-zone. In further-out zones,
the likelihood that a conmuter was a corridor wuser was much
smaller, and a great deal nore telephone screening would have
been necessary to separate corridor wusers from comruters using
ot her 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 nore or less daily
basi s. Based on these criteria, 78 drivers were eventually
surveyed. Only travel to work in the norning peak was discussed
in the survey.

Due to the pre-selection criteria used to select interviewes for
this survey, the results should not be interpreted as a random

sanpl e of comuters. The primary purposes of this survey were to
determine which routes frequently corridor wusers normally take
why they divert, if wever, from the usual route, the reason for

di ver si on, and which routes are wused in the diversion process.
Particularly, since corridor users were pre-selected from certain
zones, t he | ocati ons of respondents' trip origins and
destinations should not be taken as indicative of trip origins
and destinations for the corridor

Anot her reason limting the extrapolation of these answers is
that the drivers who stated that they divert from their usual
route may be nore aggressive or traffic-conscious ("savvy" is a
good tern) than drivers who do not divert. This could inply
f undanment al differences in the psychology of rout e- choosi ng
between diverting drivers and non-diverting drivers. Al so, all

drivers in the Transportation Services database are probably nore
traffic conscious than the (general popul ation since they are
active participants in a ride sharing program

Even if survey respondents are nore route-conscious than npst
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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 nost of the routes given in the
survey responses lay outside the SMART Corridor, and no travel
time data is available there. However, the assunption, that a
diversion route is shorter than the original route, is consistent

with the paradigm of wuser equilibrium which assunes that, except
for sonme random variations, no driver can wunilaterally inprove
his travel tine by changing routes. This is the sane as saying
that a driver always takes what is perceived to be the shortest
route to a destination.

The wuser equilibrium assunption stated in the paragraph above is
the wunderlying reason for evaluating the paths generated by

shortest-path and ot her heuristics in this report. The
assunption is that driver wll attenpt to save time by taking a
shorter route than the wusual route if the information about that
shorter path is nmade avail able. The purpose of in-vehicle

navigation systenms is to respond to real-tine traffic information
and provide information about potential shorter routes.

Seventy two out of the seventy eight respondents to the survey
were wusers of the corridor in the eastbound direction. Forty of
these eastbound drivers told interviewers they never diverted

from their wusual routes. (This set of respondents wll be
referred to as "non-diverters.") Al but six of the non-
diverting eastbound drivers used the Santa Mnica Freeway for the
entire duration of their travel in the corridor. Five of these
six wused dynpic, Pico, Venice, and Wshington, in addition to
the freeway, along their route. The sixth driver used Jefferson,

wi thout wusing the freeway, this driver was the only non-diverting
eastbound driver not to use the freeway at all.

O the remnining 32 -eastbound drivers who stated that they
diverted from their wusual routes, 25 used the freeway exclusively

as their wusual neans of getting to work. The other seven used a
variety of routes. Four were not freeway users: three used
Oympic exclusively, and one used Jefferson exclusively. The

remaining three used Venice, Washington, and Jdynpic in addition
to the freeway as their wusual route.

Oigin locations for surveyed wusers in the eastbound direction
only are shown in Figures IV-2 and IV-3. Figure V-2 shows origin
points for drivers who stated that they never diverted from their
usual route; the other figure shows origin points for diverters.
Fi gure IV-4 shows destination | ocations for al | east bound
comuters  surveyed.

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

survey respondents:

TABLE : Trip Lengths and Departure Tines: EB Travelers Only

Avg Trip (mnutes) N Avg Dep Tine N
Non- Di verters 32 38 6: 56 38
Di verters 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. Al l
but about six of the eastbound diverting drivers gave "freeway
congestion", "accident", "traffic report of congestion", or sone
simlar answer as their reason for diverting. Ot her 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
appoi ntnent for work.

The choices of diversion routes was as nunerous as the nunber of
responses. No two interviewees reported using the same route when
diverted from the freeway. Wy this is so unclear from the
survey; the result could be due to randommess, 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 nost corridor users do not deviate from their wusual 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 assuned that, 1in addition to the slower

speeds and increased delay, sone sort of penalty is associated
with leaving the freeway.

F. ROUTE COSTS

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

"Short est-path"
"Freeway- bi ased"
"Arterial -biased"

The "shortest-path" route is that route specified by the D jkstra
nm ni mum cost algorithm This route represents the quickest route
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through the corridor based on the given set of 1link costs for
that time slice.

It is inportant to note that in this section, as in previous
sections, the term "nearest" is used synonynously wth "quickest"
and “m ni mum cost ", si nce t he metric used in al | route
tabulations in this project is travel tinme.

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, nost drivers tend to strike
out from their origin to the nearest freeway entrance, then stay
on the freeway wuntil close to their destination, and then exit
the freeway and travel to the final destination

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

For each tine 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 tines; this is the travel time of the
"freeway-bi ased" route.

During conditions of light flow (low congestion), the freeway
biased route wll alnmst always be the same as the m nimm cost
route through the corridor. As congestion increases and freeway
speeds decrease, the freeway-biased route wll always take [|onger
than the mininmum cost route. This is because the mininmumcost

route can take advantage of faster travel tinmes on parallel
streets; drivers can reduce their travel time by delaying entry

onto the freeway past their wusual entry point, exiting the
freeway early, or exiting the freeway and reentering, t hus
bypassi ng congesti on. 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 tines on adjacent
paral | el 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 1is the objective of
current research el sewhere

The difference between the freeway-biased and m ni mum cost
routes, therefore, represents the tine savings that nmight be
available to a driver who has "perfect" information about travel
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tinmes in the rest of the corridor.

The "arterial-biased" route is found by tabulating costs along an
arteri al parallel to the freeway, w thout venturing onto the
freeway itself. Since the corridor wunder study was fairly narrow,
when applicable, each of three arterial-dom nated routes were
tabulated for each origin-destination pair: one each for travel
primarily on Adans, 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 alnmpbst 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. Oigin points were:

Oigin 1 EB Santa Monica Freeway at San D ego Freeway
Oigin 2: National Blvd. at Sawelle

Oigin 3: Venice Blvd. at Sawtelle

Oigin 4: LaC enega at Adans Blvd

Oigin 1 through 3 represent "gateways"” into the corridor nodel.
Most trips through the corridor originate to the west of these
origin points, so Oigins 1 through 3 represent the wusual entry
on to the majority of corridor users. Oigin 4 represents a
gateway for travelers wusing the corridor in a nore diagonal
route; this route represents a route for drivers entering the
corridor from nore southerly points than the Santa Monica-Venice
ar eas.

Desti nati on poi nts wer e selected in downt own | ocati ons,
reflecting the downtown destinations of survey respondents:

Destination 1: EB Santa Mbonica Freeway at Harbor Freeway
Destination 2: Venice Blvd. at Figueroa Street
Destination 3: Venice Blvd at Wstern Avenue

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

Travel tinmes were evaluated for a fully factorial conbination of
these 4 origin and 3 destination points. Shortest paths, freeway-
bi ased, and arterial-Dbiased routes, where applicabl e, wer e
computed for all 12 conbinations.
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CHAPTER V - ASSESSMENT COF POTENTI AL BENEFI TS

A | NTRODUCTI ON

This chapter will assess potential benefits found in this study
of an in-vehicle information system providing "perfect" real-tinme
traffic information to the driver wunder 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". Heavi er or lighter traffic

conditions would possibly vyield different results.

First, travel times  will be conpared under each scenario
separately and then a conparison wll be nmade between the two
scenarios. Travel time is the only neasure of effectiveness being
consi der ed in this study. The assessnment of potenti al benefits
will be based upon the conparison of travel times for sever al

paths for each origin/destination pair being considered.

As described in chapter 1V, there are four different origins and
three different destinations being analyzed for a total of twelve

origin/destination pairs. There are a maximm of five possi bl e
routes t hat can be conpar ed 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 descri bed in chapter
I'V.

B. NON- | NCI DENT  SCENARI O
1. Oigin 1 - Santa Mnica Freeway Minline Oigin

Figures V-1, 2, and 3 depict the travel tinmes for trips beginning
at origin one and traversing to destinations one, tw, and three
respectively via the shortest path and the freeway biased- path.
Surface street biased paths are not included as possi ble path
options for trips from origin one since this origin is on the
Santa Mbnica Freeway nmainline.

As shown in figures V-1, 2, and 3, the shortest path  devi at es
from the freeway-biased path and reduces the travel time for al |
three destinations during a one hour and forty five ninute period
between 7:15 A M and 9:00 A M (tine slices 6-12). From 6:00
A M to 7:15 AM and from 9:00 AM 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 - 800 AM) for trips to all three destinations. The
maxi rum travel time savings to destination one is approximtely
one mnute or a 5% reduction in travel tine. The maximm tine
savings to destinations two and three is approximately two
mnutes or 8% and 11% reductions in travel time respectively.

2. Oigin 2 - National at Sawelle

Figures V-4, 5,  and 6 depict the travel times for trips beginning
at origin tw and traversing to destinations one, two, and three
respectively via the shortest path, the freeway-biased path, and
three surface street bi ased paths, namel y Nat i onal / Veni ce;
Nati onal / Adams; and National /Washi ngton pat hs.

As shown in figures V-4, 5 and 6, the shortest path devi ates
from the freeway biased path and reduces the travel tinme for al |
three destinations during a one hour and forty five period
between 7:15 A.M and 9:00 A M (tine slices b-12). From 6:00
A M to 7:15 AM and from 9:00 AM 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 (6:00 AM - 10:00 A M)
for all three destinations.

As far as the freeway biased path is concerned, the maximm tine
savings when wutilizing the shortest path occur during the sane
time periods and have the sanme values as that of origin one trips
with respect to each destination. The individual short est pat h
and freeway-biased path travel tines 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, t he
maxi mum 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 approximtely eighteen
mnutes or 6l % reduction in travel tine.

3. Oigin 3 - Venice at Sawtelle

Figures V-7, 8, and 9 depict the travel times for trips
begi nning at origin three and traversing to destinations one,
t wo, and three respectively via the shortest path, the freeway-
bi ased path, and three surface street bi ased pat hs, namel y
Veni ce; Venice/ Adans; and Venice/ Washington paths.

As shown in figures V-7, 8, and 9, the shortest path devi ates
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from the freeway-biased path and reduces the travel tinmes for all
three destinations for all time slices except tine slice five.
The larger travel tinme savings occur during tinme 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 tine in
all sixteen tine slices for all three destinations.

As far as the freeway-biased path is concerned, the nmaxinmum tinme
savings when utilizing the shortest path occur during the sane
time periods and have the sane values as that of origin one and
origin two trips with respect to each destination. The individual
short est path and freeway-biased path travel tines from origin
three do vary from origin one and origin tw trips but t he
di fferences 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, t he
maxi num time savings when utilizing the shortest path occurs
during tinme 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 tinme.

4. Oigin 4 - Adanms at Fairfax

Fi gures 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
pat h, and three surface street biased paths, namely Veni ce;
Adans; and Washington paths. It should be noted that no route
descri ptions exi st 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 wuser-defined path. However, the route choice survey did
suggest that wuser-specified trips from origins 1, 2, and 3 are
freeway- bi ased. Therefore, the same was assuned for trips from
origin 4.

As shown in figures VI-10, 11, and 12, the shortest path deviates
from the freeway-biased path and reduces the travel tinmes during
time slices five thru nine (7:00-8:15 A M) for trips to
desti nati on one. For trips to destinations two and three, t he
short est path deviates from the freeway-biased path during tine
slices four thru ten. The larger travel tinme savings for trips to
al | 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 bi ased paths for all time slices. During tine
slices seven thru ten (7:30-8:30 A M), the surface street biased
path on Adans 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 tine
savings when utilizing the shortest path occur during time slice
eight (7:45-8:.00 A M) for trips to all three destinations. The
maxi rum travel time savings to destination one is approximtely
five mnutes or a 25% reduction in travel time;, to destination
two is approximtely Si X mnutes or a reduction of 26% i n
travel time; and to destination three is approximately five
mnutes or a 31% reduction in travel tinme.

As far as the surface street biased paths are concerned, t he
maxi mum 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 nminutes. It should be noted that the freeway
biased path is the worst path to take for trips to destinations
two and three during tinme slices seven and eight (7:30-7:45 A M
and 7:45-8:00 A M).

C SUMMVARY:  NON- | NCI DENT  SCENARI O

Two assunptions made in this analysis are that the freeway-biased
path is the predonminant |ocal 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) wutilizing the shortest pat h
information have significant travel tine savings for the | ocal
driver In the non-incident scenario and only during the tine

period from 7:00-8:00 A M (time slices 5-8).

The freeway- biased path is actually the path with the |[|ongest
travel time for four origin/destination pairs, namely origin
three to destinations tw and three during tine slice eight
(7:45-8:00 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
tinme slice eight (7:45-8:00 A. M. ), Adans Boul evard is the
short est path east of the southbound La Cienega off ranp. o
course trips to destination one nust reenter the freeway. Figures
v-13, 14, and 15 depict the shortest path routes taken duri ng

time slice eight for all origin/destination conbinations.

D. | NCI DENT SCENARI O

The second set of routing results are for the "incident
scenari o", in which a freeway incident was introduced in the

eastbound direction between Venice and WaShingtOn during ti me
slices 3, 4, and 5.

In general, the incident scenario yields substantially higher
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travel tines for the freeway-biased routes, as conpared to the set
of nodel runs wth no incident (the "non-incident scenario.")
During tinme slices 3, 4, and 5, travel times for npst 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 nost routes through the
corridor, the potential benefits of wusing the shortest path are
greater in the incident scenario than in the non-incident
scenari o.

There is no difference between the two scenarios in travel tines
on arterial streets since the effects of the incident were not
incorporated into the TRANSYT nodel wused to «calculate arterial
del ays. Also, no effects that might occur as a result of traffic
diverting off the freeway onto arterial streets were Included in
t he nodel. Therefore, there is no difference between travel tines
on arterial-biased routes between the incident and non-incident
scenari os, except for routes ending at Destination 1, wher e
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 |inks.

The principal difference between the two scenarios is that the

incident affects the spatial and tenporal |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 sl ower speeds upstream of the

bl ockage, but also netered traffic downstream of the incident,
resulting in higher speeds in downstream freeway sections further
east . This phenonenon results in higher travel times for routes
using the freeway west of the incident, but Iower travel tines
for routes using freeway sections east of the incident |ocation

1. Oigin/Destination Pairs Conparisons

The costs of shortest, freeway-biased, and arterial-biased routes
were conputed under the incident scenario for the same 12 origin-
destination pairs as wunder the non-incident scenario. Pot enti al
benefits reach their peak during the nost congested tine 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 tinme 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 nmuch of the benefits in the second rise are
due to the sane recurring congestion as |In the non-incident
scenari o.
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a. Oigin | / Destination 1, Oigin | / Destination 2. Oigin
| / Destination 3

As in the non-incident scenario, only the shortest and freeway-
bi ased 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 tinme slices 3, 4, and 5, the shortest
path remained entirely on the freeway. Wth the incident
introduced in tine slices 3. 4, and 5, travel tines 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 tinme slices, the diversion path involves |ess
and less freeway travel. The routes given in the shortest paths
between Oigin 1 and Destination 1 serve as a typical exanple of
how the diversion point from the freeway nmoves westward al ong
with the area of congested freeway traffic:

Time Slice 3: Diwvert from Freeway via LaCenega Exit LaGC enega,
Venice, return to freeway on Venice on-ranp.

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

Tine slice 5: Divert from Freeway via Overland Exit, National,
Overl and, Palns/National, Venice, return to freeway on Venice on-
ranp.

Fi gures 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

bi ased path. The rmaxi mum 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/ Desti nation 1. Origin 2/ Destination 2. Oigin
2/ Destination 3

Oigin 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-ranp, the <closest one available.

However, as freeway congestion increases due to the incident, the
point of entry onto the freeway is displaced further east. Ti me
savings are realized by delaying entry onto the freeway; for tine
slice 5, the shortest-path routing delays entry on the freeway

until the Venice on-ranp. (The route follows National to Venice
up to this point). For these three OD pairs, the freeway-biased
route is always shorter than the arterial-biased route. Pairs

originating from origin 3 exhibit sinmlar characteristics to the
OD pairs from origin 2.
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Figures V-19 through 24 on pages 96 thru 101 depict the travel
times for OD pairs described in this section via the shortest
path, freeway biased path, and three surface street biased paths,
namely National/Venice; National/Adans; and Nati onal / Washi ngt on
pat hs.

The nmaxinmum travel tine savings (shortest versus freeway-biased
path) for trips from origin 2 to destination 1 is approxinately 8
mnutes or a 33% reduction in travel tine:

-To destination 2 is approximately 8 mninutes or a 29% reduction
in travel tine.

-To destination 3 is approximately 8 mninutes or a 32% reduction
in travel tine.

The maximum travel tinme savings for trips from origin 3:

-To destination 1 is approximately 10 mnminutes or a 37% reduction
in travel tinme.

-To destination 2 is approximately 10 mnminutes or a 33% reduction
in travel tine..

-To destination 3 is approximately 10 mnminutes or a 37% reduction
in travel tinme.

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

In this set of results, the incident scenario results in shorter

travel tines. 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 1is downstream
of the location of the |Incident. Shortest-path routes from

Oigin 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 tines
on the arterial-biased routes because these routes do not travel
on the freeway, and only freeway travel tines are affected by the
i nci dent .

Figures V-25, 26, and 27 on pages 102 thru 104 depict the travel
times for the OD pairs described in this section via the
shortest path, freeway biased path, and three surface street
bi ased paths, nanely Venice; Adanms; and Wshington paths.

The maximum travel tinme savings for trips from origin 4:

-To destination 1 is approximately 3 ninutes or a 25% reduction
in travel tine.
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-To destination 2 is approximately 3 nminutes or a 20% reduction
in travel tine.

-To destination 3 is approximately 3 ninutes or a 25% reduction
in travel tinme.

2. Differences Between Shortest Paths And Typical Routes

The differences between shortest paths and freeway-biased or
arterial-biased routes are sumarized In Tables V-1 and V-2 on
pages 105 and 106. These tables show the differences, rounded off
to the nearest mnminute, between the travel time for the shortest
path and the travel tinme for the freeway biased path. The freeway
biased path is wusually the path with the least travel tinme anong
the freeway-biased and the arterial-biased paths, but in sone
cases it is an arterial-biased pat h. In the non-incident
scenario, the greatest savings occur during tinme slices 7 and 8,
from 7:30 to 8:00 AM For the incident scenario, the greatest
savings occur during the tine slices following the introduction
of the freeway Incident, from 6:45 to 7:15 AM The tine period

during which large savings occur is broader for the incident
scenari o.

Time savings of less than 3 mnutes are of guesti onabl e
signi ficance. Not only mght the savings be nasked by random

variations in travel tines and driver behavior, but the threshold
at which drivers mght perceive benefits from optinmum routing is
unknown. Both of these topics are good opportunities for further
research.

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

Only twelve origin/destination pairs have been analyzed

Only traffic conditions for a "typical" day have been
anal yzed.

Some  turning movements on t he surface streets are
over sat ur at ed, causing TRANSYT to possibly overestimte
average delays for those turning nobvenents.

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

For the incident scenario, only one incident, wth its
particular characteristics, has been analyzed
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TABLE V- |

Travel Time Savings in Mnutes (Rounded to Nearest M nute)
Non-1nci dent Scenario (Shortest Path vs. Freeway-Biased Path)

From DI|O |0 |0 |0 |O |1 (2 |1 (2 |2 |12 (1 |0 (O JO (O

01 D2 |0 |0 [0 JO JO |1 |2 2l 1{1]1]1 |0 (0 JO |O
to: D3 |0 |0 (0 [0 |O |1 |2 2l 1{1]11]1 |0 (0 JO (O
0 0 0 0 0 0 0 0 1
Ti me: 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 pDljo o o jo jo |1 12 2 {12 Jj1 J1 |1 (0O |0 JO |O

02 D2 |0 |0 0O JO JO |1 |2 2l 11 1(1]1 |0 [0 O O
to: D3 |0 |0 (0 JO JO 11 2 2 1 14 1{11]0 |0 |0 ]O
0 0 0 0 0 0 0 0 1
Ti me: 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 DI|lO (0 |0O [0 JO |1 |1 |2 |2 |1 J1 |2 |0 |O |O O

03 D2 (0 |0 JO JO [O |1 |2 2l 11 1(1]1 |0 [0 O jO
to: D3 [0 |0 O JO JO |1 |2 2l 111111 (0 j0 (O O
0 0 0 0 0 0 0 0 1
Ti me: 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 DI|O (0 JO O |3 |3 [4 |5 |0 |0 |O (0 |O (O JO |O

04 D2 |0 (0 |0 |0 |3 |3 [5 |6 110 [0 |0 [0 JO |O

to: D3 |0 (0 (0 [0 [3 |3 [4 |5 O o |0 [0 JO JO |0
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TABLE V-2
Travel Tine Savings in Mnutes (Rounded to Nearest M nute)
Incident Scenario (Shortest Path vs. Freeway-Biased Path)
From D 01 |4 [6 |1 |1 |1 1 1 |0
01 D2 01 4 |6 |1 |1 |1 1 1 1]0
to: D3 01 3 |6 |1 |1 |1 1 1 o
0 0 0 0 0 0 0 0 1
Ti me: 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 1 |4 |8 |2 |3 |2 1 110
02 D2 1 14 |8 |2 |3 |2 1 1 0
to: D3 1 4 |8 |2 |3 |2 1 1 0
0 0 0 0 0 0 0 0 1
Ti ne: 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 | 117 (10 g 5 2 11 1 110
03 D2 117 |20 4 b 4 1 1 1[0
to: D3 117 |20 4 b 4 1 1 1[0
0 0 0 0 0 0 0 0 1
Ti ne: 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 | 0 |0 |3 [3 |3 |3 0 0 |0
04 D2 0 [0 |3 [3 |3 |3 0 0 |0
to: D3 0 |0 [3 |3 |3 |3 0 0 |0
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CHAPTER - VI OVERALL ASSESSMENT OF POTENTI AL  BENEFI TS

AND FUTURE RESEARCH

A | NTRODUCTI ON

Chapter V has shown a sanple estimation of benefits expressed as
time savings to the user of the information equipped vehicle.

This is only the first step in the overall assessnment  of
potential benefits. In addition to classifying the user benefits,
this chapter wll al so try to identify other benefits,
quantitative or qualitative, |ike benefits to non-users and to
society. A discussion of the assunptions, constraints and
conditions of the previous estimates of benefits wll follow
Refinement of these estimtes and economic assessnment wll be

needed for the conplete assessnent of the in-vehicle information
technol ogy. Further work is needed for the -evaluation of cost
effectiveness and the econonic feasibility of the information
equi pped vehicle technol ogy. Finally, phases for t echnol ogy
i mplemrentation in the real world are discussed at the end of this
chapter as visualized by the team performng this study.

B. TAXONOMY OF POTENTI AL BENEFITS [I]

Benefits can be either quantitative or qualitative. Quantitative
benefits are those which can be calculated. Quantitative benfits
are classified as: wuser 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 sinplicity, benefits in chapter
V have been analyzed as savings in travel time wth respect to
travel tinme on the shortest path (for incident and non incident
situations). Savings in travel time is just one of nany savings
that could be gained by drivers using the information equipped
vehi cl es. For exanpl e, savings in operating costs (like fuel
consunption, vehicle wear and tear) were not considered. However,
these savings are related to and they increase wth travel tine
and VMI' and they are not as easy to calculate as savings in
travel tinme. User benefits can be further subdivided into
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benefits to users who are famliar with the network area,
benefits to users who are not famliar wth the network area,

and speci al types of benefits whi ch are benefits to
i nstitutional users.

Users who are famliar with the network will gain tine
savi ngs under non-i nci dent and under i nci dent trave
condi ti ons. They will avoid congestion and their vehicl es

can be routed around the bottlenecks.

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

There are savings of excess travel time and distance for
drivers who are wunfamliar with the area. In the literature
t hese savi ngs are al so cal |l ed savings in navi gati onal
wast age. In chapter I, it was nentioned that some studies
estimated this wastage to be close to $45 billion per year
[4] . Thi s estimate represents costs to i ndi vi dual drivers
and to society and includes tine costs, operating costs and

ot her costs.

In addition to the benefits of tinme savings under recurring and
non-recuring cogestion, drivers wunfanmliar wth the network area
can get an extra benefit of knowing how to get where they want to

go.

Di fferent users will have different values of travel tine.
I nstitutional users like poli ce, delivery vehicl es and
emergency vehicles are usually nore sensitive to values of
time savings and it is easier to identify the benefit in
their case. In the case of emergency vehicles a nmnute
savings may be equivalent to the saving of lives.

It is possible that institutional users will be the first
mar ket s for such technol ogy. An i nteresting problem for

future research is the problem of optimlly routing enmergency
vehicles according to real tine traffic information so that they
can reach the energency location in the shortest tine possible.
The network can be divided into subnetworks wth each subnetwork
covering a smaller wurban area wth depots of energency vehicles
located in it. An enmergency routing center can be equipped with a
central conmputer and have the cability of providing accurate
traffic information (e.g shortest path), preferably using voice

communi cati on, to the drivers of energency  vehicl es. The
conput er system will cal cul ate dynani c (m nute by mnute)
shortest paths. If one has several emergency depots in the
subnet wor k and an acci dent occurs in time slice X in
subnetwork |, the question wll be what is the best strategy to

di spatch the energency vehicle? Wich 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 ? O course the
best depot to dispatch the energency vehicle from may or nay not
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be the closest enmergency depot to the accident location (in terns
of distance) because the shortest path wll be changing by tine.

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

b. Non-user Benefits

Drivers who do not have the equipment wll get benefit when
users start to divert from the freeway especially around
bottl enecks. Since bottleneck queues are very sensitive to
smal | changes in traffic vol unes, di version of a small
percent age of users from t he bottl enecks can cause
subst anti al reductions in the bottleneck gueues and hence
i nprove speed and travel time on the freeway. Therefore, non-
diverted drivers (or non-users if we assunme that all vehicle
equi pped drivers wi || use their machi nes during t he
congesti on) wil | benefit from congestion relief on t he
freeway l'inks t hey are usi ng. Thi s 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 l|arge enough to
relieve congestion from the freeway, then the freeway wll becone
| ess congested than before the diversion. Non-users who choose to
stay on the freeway wll then get the benefit of driving in less
congested freeway |inks wthout paying for it. Consequently this

ma di scourage others from buying the information equipnent.
This question of a fair cost recovery scheme is an area for
future research.

C. System Benefits

(1) Traffic Counts

The system will have wup-to-date travel tinmes on the network
i nks where traffic counts are collected automatically and
continuously by the system itself since vehicles act like
novi ng det ect ors. Vehi cl es equi pped Wi th t he i nformation
device will be located by the system and their tinme-progress can
be determ ned. Ther ef or e, the system will be accurate and
conplete and consequently, the travel tine will be reliable. The

up-to-date travel tines could be used as a feedback for a central
control to help the authorities in nonitoring the network.
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(2) Optimzation of the Overall Network in Question

Can be achieved by di stributing the congestion over t he
entire net wor k, however, in sone cases t here are net wor k
limtations that makes diversion not practical, exanpl es are
bridges and tunnels , where there is only one way to get through.
Benefits wll greatly depend on the structure of the network in
guesti on.

2. Qualitative Benefits

These are benefits whi ch are hard to guantify, if not
i npossi ble sometines. Exanples of such benefits are:

-Driver safety and potential reduction in the nunber of accidents
(especially rear end collisions) and consequently reducing the

number of injuries and fatalities caused by these types of
acci dent s.

- Envi ronment al benefits gained by reduction of t he
concentration of carbon nonoxi de and toxic gases in t he

at nrosphere. Also a reduction in noise, driver stress, frustration
and lack of confort.

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

C GENERAL EVALUATION OF THE PREVIOQUS ESTI MATES OF POTENTI AL
BENEFI TS

O her t han limtations of the simulation nodel s for t he
freewmay system and surface street system and network nodel,

estimates of potential benefits in chapter V were also based on
several assunptions, constraints, conditions and also sone other
limtations.

1. Assunpti ons

It should be enphasized that the following assunptions were
made in order to attain the previous estimtes 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 Ilarge
enough to cause significant increases in travel time on the
freeway and the surface street Ilinks of the network; t hose
drivers divert either on the basis of their own experience in
routes or by wusing an information-equipped vehicle system
Sonetinmes this assunption nmay not be realistic, later on, in the
section of nodeling inmprovenent, the need for releasing this

constraint is discussed.

*Wth a mture information system gny driver who buys the
i nformation-equipnment is going to use it wunder 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 conplete confidence in the equipnent and the efficiency of
using it is very high. This assunption is very inportant and
reflects directly into the magnitudes of benefits for both the

user and the system As wll be discussed later on, a rich area
for future research is t he driver-information equi pnent
i nterface.
*In estimating travel tine savings, it has been inplicitly
assuned that travel tine in congested links of the freeway has
the sane cost wunit value as travel tinme in free flow links of

the freeway. Usually this is not true, because people perceive
travel tinme in congestion of being longer than travel time in
free flow novenent. |If travel time through congested Ilinks is
given nore weight, then benefits could be higher than estimated.

*Benefits (or time savings) were only calcul ated for one

person who is the driver. Passengers were not consi der ed
because at this noment t here is no data available on
occupancy of information equipped vehicles. Passengers of the
i nformati on-equi pped vehicles wll benefit from the tinme savings
as well.

*The freeway biased route was assuned to be the user-selected
route (as found from the OD survey in chapter-V)

2. Constraints

The potenti al benefits are mcroscopic and problem specific
in nature and actually depend on:

-The structure of the network in question

-The incident | ocati on, time it occurs, magni tude (capacity
reduction), duration, and the time slice when the benefits are
cal culated. The tinme savings seem to be greatest during the
period of the incident itself and fluctuates after the incident
is cleared
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-The sinmulation results in this report apply only to the peak
peri od.

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

3. Conditions and Limtations

*The estimated benefits in chapter V were assunmed to be for
traffic flow volumes in a typical day where traffic is neither

light or heavy. It is observed by CALTRANS District-7
engi neers, t hat under non-i nci dent traffic condi tions,
traffic exhi bits multi-1Ievel congesti on. Thi s means t hat

potential benefits nmay vary with the |evel of congestion.

*Simlarly under incident congestion conditions, incidents in
heavy traffic days wll vyield larger benefit estimtes, while
those in lighter traffic days wll vyield less benefit estimtes.

*Since the objective of the study was to give a clear picture of
t he magni tude of benefits gained wunder an incident situation,
the incident scenario has introduced the incident on the freeway

rather than on the surface streets. Network link costs are nore
sensitive to changes in the freeway travel tine than changes in
the surface street travel time. It is also possible to introduce

an incident in a mjor parallel arterial street to the freeway
and see how the level of benefit changes.

*Because one of t he purposes of this st udy was t he
illustration of benefits under an incident si tuati on, and
because of time and budget constraints, estimtes were done
only for 12 OD pairs wusing different routing strategies such
as: freeway biased, surface street biased, and shortest path.

The outconme of the above discussion is that further study and
nore simulation effort wll be needed on the spatial and
temporal nature of the potential benefits. Exanples of spatial

considerations are the size of the network and the variability
of benefits according to the |ocation investigated. Tenporal

characteristics of the benefits are related to tine of the day
the benefits are calculated. Variables that contribute to the
benefits need to be identified, after whi ch, sensitivity
analysis could be carried out.

*Accuracy of the traffic surveillance system and its wupdating
capability are necessary for the reliability of the Information
given to the driver and for the reliability of the estimtes of
benefits.
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D. MODELI NG | MPROVEMENTS

1. Refinement of the Estinates

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

2. User Equilibrium Analysis

The wuser equilibrium issue was not addressed in our study because
of the assunption made that the percentage of wusers diverting is
small  enough not to affect the wequilibrium 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 sone routes
are still better than others, then the information system wll be
sound and effective because there wll always be benefits gained
by diverting drivers to the best routes. This is particularly
true for the incident situation, where flow on the network |inks
become disturbed by the incident and it takes a long tine to
return to the equilibrium condition

There is t he need to devel op an i nformation-driver
simul ati on nodel that will i ncorporate the user equilibrium
criteria [11]. The nodel wil | define a nore realistic
approach to the assessment of potential benefits accrued by
an in-vehicle I nformati on system The i nformation-driver
simul ati on nodel can be calibrated wusing the results of a
real life experi ment like t he PATHFI NDER experi ment or

possibly through a navigation sinulation nodel which can be
experinmented on driver subjects in a sinulation lab [12].

3. Trip Cost Characteristics

Trip cost parameters or trip cost characteristics that have
been considered in our previous analysis included travel tine as
the only cost paraneter. There are other cost paraneters which
if incorporated, will increase the magnitude of the benefits
because they wusually increase by the increase in travel tinme, for
i nstance, vehicle operating costs (wear and tear). This is stil
a quantitative benefit but nor e difficult to cal cul ate
accurately.
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4, Route Choice

Factors affecting the —route selection my vary from one
driver to another. Because each driver has a different utility
function in selecting his own optinal route (which he/she
thinks that it is the best route). Unfortunately, t he
informati on provided about the driver —route choice behavior
is very limted in the Iliterature, therefore nore studies
will be needed to understand the driver behavior in route
sel ecti on.

E. I NFORMATI ON- DRI VER | NTERFACE

As stated earlier, one of the assunptions nmade about t he
previ ous esti mat es of benefits was t hat drivers wi |l
i nteract with the information system in the nost effective
manner so that no confusion wll occur and the driver's
confidence wll increase in the system through a |[|earning
process. However, it is important to know what 1is the nost
effective manner in which information <could be conveyed to
the driver. First, si mul ati on experiments as in Kitamura
[1988] [12] will be needed to determine the nost effective
route gui dance system In transferring informatlon to the
driver. Secondl y, 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
choi ce behavior which has been discussed in the previous section.

Further study is needed to address the safety conponent of

t he i nformation system  [13], this al so Interacts with
liability questi ons. For example, in case  of a traffic
acci dent, caused by wong information given to the driver
from the i nformati on system who is goi ng to be hel d

responsible in front of law for this accident?

F. ECONOM C ASSESSMENT OF THE POTENTI AL BENEFI TS

One maj or i ssue is t he econom ¢ feasibility of t he
informati on equi pped vehicles. Unless this system is cost
effective people will not buy it and it wll not be able to break
t hr ough t he mar ket . Therefore demand anal ysi s, mar ket i ng

research, and cost effectiveness are to be studied before the
technol ogy inplenmentation process.
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1. Demand Analysis for the In-vehicle Information System and
Mar keting Research

First, mar keting research wll be necessary to know if this
system will ever be able to break through the nmarket. Marketing
research I ncl udes mar ket i ng surveys which  will t ake into
consideration OD surveys and existing OD patterns. Pricing the
information technology wll play a mjor role In determning its
mar ket size. The demand for an in-vehicle traffic Information
system depends on nmany factors of which the nbst two inportant
are the pricing strategy and the nunber of wusers (or the nunber
of custoners).

Let us assume that the technology will be able to break
through the market. |If the number of users i ncreases and
hence the information about the best routes is spread out to a
| arge nunber of wusers, best routes wll no longer be best routes.
Benefits accrued by diversion of wusers wll be smll |[|f not
negligible and the system wll be at or near equi librium

condition. That is true under the recurring congestion situation
It is assuned in the recurring congestion situation that drivers
usually distribute thenselves on routes so that the benefit of
shifting from one route to another is negligible (Wardrop
conventional principle in traffic assignnment). However, in the
non-recurring congestion situation, it wll take a long tine to
reach equilibrium in the network once an incident occurs. The
incident creates disturbance in the link costs, and consequently
there wll be always routes which are better than others for
different OD pairs In the network. How big the disturbance in
link costs wll be depends on the incident characteristics in
guesti on.

2. | nt egr at ed Technol ogy Assessnent and cost Benefit
Anal ysi s

The flow chart, figure M-I, shows an integrated technol ogy
assessment  process.

The technology inplementation wll go through a sequence of
phases which wll be described later in this chapter. For
each of these phases, the process shown in figure VI-I will be

repeated. Basically the process is a five step process:-

a. Technol ogy Updates

Each tinme the technology of in-vehicle information system is
updated there is a new cost, and consequently the price of the
equi prent will be updated.
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(1) Pricing the Information Equipped Vehicle Technol ogy

Pricing the technology of information equipped vehicles wll also
play a mmjor role in determining the cost effectiveness of this
technology from both the wuser 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 economc feasibility. Pricing strategy wll depend on
whet her there will be subsidies to the in-vehicle information
technology from public noney or not? And if yes how nuch?

If developers think that the wuse of this technology can be
considered as part of the Transportation System Managenent
(TSM pl an and therefore it is not only confined to
i ndi vi dual or even institutional users, t hen one could
justify the subsidy issue.

There is a tw way effect bet ween demand and technol ogy
updating: as the technology updates, demand also is wupdated
and if demand increases the effect reflects back on updating the
t echnol ogy. Thus, demand will also be a function of a technol ogy

Index variable which represents the nerits of the technology at
its different |evels.

b. Marketing Research

Mar ket i ng research is needed after each technology updates
to predict the number of users "N' of the new technol ogy,

and t herefore det erm nes t he supply of t he i nformation
equi pped vehicles. The use of O D surveys might be helpful
in this context. Wth the price of the technology detern ned
there will be a supply demand nodel which also determines the

final nunber of wusers in the market equilibrium

C. Techni cal Feasibilitv

Once t he demand is det er m ned, t echni cal feasibility is
revi ewed t hrough traffic si mul ati on and path cal cul ati ons
just as the work done in this report (chapters Il to V).
Wth an i nt egrated navi gation si mul ati on nodel , traffic

simulation and network path calculations can be sunmmarized into
one phase.

d. Econonic Feasibility

Cost/ benefit ratio and cost effectiveness of t he updat ed
technology needs to be reviewed form the user perspective
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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 esti mat es wi l | be sensitive to t he pricing
strategy and cost recovery schene used.

G MORE ON THE FUTURE RESEARCH IN TEE AREA OF VEHICLE
NAVI GATI ON

1. Traffic Inpact 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
m ght be that diverting too nuch traffic from the freeway to the
surface street system causes the traffic volunmes to reach the
capacity of the arterial network. This is possible when a lot of

drivers are equipped wth the information technol ogy. The
practicality of traffic <control strategies that can accommopdate
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 becones too
conmplicat ed, t he limtations of exi sting conput ation
t echni ques t hr eat en the technical feasibility of the in-
vehicle information system a problem which the artificial

intelligence nmight be the solution [15].

3. Feasibility of Routing Algorithns with Miltiple Stops and
Time W ndows

| f t he driver has to make mul tiple st ops with tinme
constraints, a study is needed on the technical feasibility, and
later on the economic feasibility of different routing algorithns
used. This idea can be applied for the rent-a-car businesses

[16].

H. FUTURE USES OF THE SIMJLATION TEST-BED RESULTS ofF THE
SMART CORRI DOR

1. The Freeway/ ATSAC System

At the present tinme, the system of ATSAC or (Aut omat ed
Traffic Surveillance and Control) has been inplenented for
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parts of the dowm 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 nminute by
mnute traffic speed, flow and occupancy data to the infornation
database in the ATSAC conputer center located in the LADOI.

CALTRANS detectors on the Santa Monica freeway are being upgraded
and once the upgrading process is conpleted, freeway detectors
will also provide conplete 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
obt ai ned. Linking the tw databases wll mrke it easier for
appl yi ng di fferent control strategies needed to handle the
diverted traffic from the freeway to the arterial net wor k.

Traffic diverted from the freeway to the arterial pgy cause
congestion and extra delay to the surface streets, a problem
which night be solved by changing the signal tinmng plans. The
simulation results of this report can be used, in a sense, to

help authorities in the control of the freeway and the surface
street systens.

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 iif the surface street system expands

and gets nore conplicated, it will becone 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 wll
continuously be updated. An artificial intelligence system

provides easier, faster and nore effective way of detecting the
i nci dents.

2. The PATHFI NDER Experi nment

The sinulation 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 experinent, driver subjects wll be tested in a real life

corridor to assess the wuser quantitative benefits accrued by the
driver information systens.
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. PHASES OF TECHNCLOGY | MPLEMENTATI ON

Tabl e V-1 visual i zes t he | ogi cal
i npl erentation that nmay take place in US
Table VI-I

PHASES OF TECHNOLOGY

of
future:

phases
in the

t echnol ogy

| MPLEMENTATI ON

PHASE LEVEL OF | NFORMATI ON EXAMPLES OF CURRENT
NUMBER TECHNOLOG ES
PHASE (1) |Map display only ETAK
Real tinme information:
-congestion red bars on Japanese JNPA AMIICS
PHASE (2) maps in the vehicle. system
-Voi ce communication to
allert drivers of
congesti on. I nproved ETAK system
Recomrended routes to
PHASE (3) follow with their travel |  --"-"-=----
tine.
PHASE (4) Exact route instructions |[ALI-SCOUT German system
for driver to follow
PHASE (X)| Fully automated highways Not Avail abl e
It should be nentioned 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, Iliterature review and the experience of the in-vehicle
information technology in other countries.




APPENDIX -A-

GEOMETRIC DESIGN OF THE SANTA MONICA
FREEWAY
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APPENDIX -B-

TIME SLICE DEMAND DATA
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OCCUPANCY DATA
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APPENDIX -D-

NON-INCIDENT FINAL CALIBRATED RUN FOR
EASTBOUND DIRECTION-SANTA MONICA FREEWAY



"~

IH3TITYTE OF TRANSFE
ENIYERIITY OF CALIEORHIA, BEANELS
{a131-442-73%0 .

i!ifi“.!ef!é!éki!éii!!Q!*iiiHHil'!i!!!H*i!l!“g’!!ﬂ!i!ifiiﬂ!!HH'!Hi!ii!é!!I!tH!!{!!!N’!H‘.!'.'!!!&‘!H‘i!*"ﬂu

I%léiiﬂ!&!!:‘!.‘.Hi!!é.‘!é!!!i!ﬁ({-!!!Q!!ii!!!!ﬂ‘.!‘:!ié‘.!!ﬂ!i!!&!i!i!!ﬁ!i!!!!9!!!§!i§iIié!!*!!!!!‘:i!!‘!‘"“M's!iﬂ“i!‘"“'i
e s - S

1 FRIzuaY A3 PRTISIAL ES3ISH FERTEREZ ?
11 !;

!l:‘!!9!:’!,“ei!-i!!'-.ihé‘.ié!‘.!!‘:'%*.é!'zé!!‘.i!li!ﬂ!!!&!M‘.!H!iié!'ﬂ‘.é!u!‘.ﬁ!ﬂ!é!!l!é!-ﬁ!‘.!:‘!!ﬂ!!!éis!‘e‘é!‘.‘“!“i!iil-!“shﬂ
caesttbibbEESLAIERES crrrebiE2dtisie i ARV EEEEEIREME LT HEHEHTUI TR E R e R R Y PPN

#4
SEISZITICE LEIATICH
t
¢

111

se 3 & 725, M & 0.7 93 T B %3 (X 4, 8.4 .t

134 - L
< - - 13

a4 3 WA, 3L i 6 6.9 3T % 133 9,3 ] A gInap G .

o 4. 0.0 G 6 -

N N £ g gn A4 4 & I TE 3.2 o, 23 4.0 MENS Bl

. 3 Nas U

s00& 3 9. 82 2.8 43 &8 B s 0.2 0. 85 0.4 &8

t2 Y

- 5 5 S0, 56 2.3 82 2 W M 0.0 0. 2.0 NaTi

£ ) ~

s5 5§ ame. it I3 B2 a2 R yes 9.9 0. e 9.8 €

6 I -t

F} < ezin v 3 on Qe a8 2 2 cs h o - - - N —

B g oo, 4. &5 @2 08 082 B 9.3 0. 203 0.0 &3 LAC, ON-NE LML BT o

10 5 w8, 3. &S ) 0.95 0.3 2 B Y 0.0 2, &3

it

YSIETRIE S 100 M SO M asz 04 8 W ¥ 0.5 0. £

31

13 123 [P0 ¢ 093 03 8 = 3 8.6 ¢.

i

133 L) cr o032 62z B ¥z 9.3 0

" 3 .

2 2 - 32, 83, &S - eh} ye2 d 2 - e am gy an = !

“ 3 814 Eh. e 0.5 JRLI 2 &2 0.9 6. =1 “).5 €3 LA3, OFF-32 La3. O :‘!

¢ 15 b 03 E0) Y e 0,95 0.2 2 i) YES aa ] [Sth} €q 1sn  (y-n . :

LN 35, 2% Lo, .2 H 2,9 . B .0 €3 a2, (4-he LAS, CFF

1 8.9 22, 04-18 LA3, €57 :;

32 14 S L8y, &S .93 . kD c3 oh 9 cmy g °

b 1 289, &5 0.95 0.9 2 )] Y2 9.0 8. €320 0.0 K3 LASREX (GFF—)EM ;.!

1 17 S EDD o0, 09 ¢ 3 €3 b b} i seyzus '

. 7 8 9% 0.53 ) € ) Yes 6.2 4. E331 0.0 N3 LR3. ON-CRENSESS :i

. - &

P18 5 §aSd. gL & 0.93 422 B YES 4.9 0. E2ch @4 (RENSHAA (0F7--)CH) '

1% .S easnnd (orremil :l

e ol R 55 ono092 03z YES 0.9 0. ST 0.0 (SENGES QML O s

, - . . . o g

B s 9300, 1234, 43 0.2 0.0 & I ¥E 8.3 5. €03 0.0 PSLINETEL (OFF-)N} e

ué.nuuﬁnuuuenuu.tééuuuf:‘uunuuéé;n'-h,uunnin»uuniénu!.a.&.uun;ens.uu:guq (uluna‘j&

fi!!!{&éi!}iﬂr!-!!.‘.ii!!l‘.l’é‘(&*}f!!iifii!!i!él{!l{'iié(Hl!!ﬂ“’f‘.ii!!ii{lii“(’“iii!Hiil!iﬂiElﬁi!&i’f}{‘{if"’{‘!f!‘lD i"’l‘lt‘ll"i-;



INSTITHTE OF TRIMSFORTATICN STUOIES FrEcg
USIVERSITY OF CALIFURNIA, ESRWELEY !
(4153-342-739)

i!i:(t!!f%éi.i!!!fi!!!Qéi!!}!é}l?%!i2!!*!(!'!!!!Eit!}!i!i!{{il!i!‘i§!!if!f{f!f!9!il{!!‘f!!!ft!i&f!&k{ié!*!!!Q‘?

pergaiasatiiize:

1Lt !u!!!!lh‘iéé!.éii!.‘!!HH‘.Q!t!!HH!él!‘.!!!éeéuﬂiiéﬂuéHHH!i!*!HM&HH!’HN!!HMu!uu!uuuu‘.uéltii!-‘b!‘.b‘e
e 34
8 FAETJAY SND SRTEZISL DESIEN FRATURIS rt
t

SUREERERERERSLEILISETRERILLE EE!‘.i'é!f«!é!!:‘!«!!!!f!é‘!i!!é!!!i‘.ié!éé!uiHe!i!ﬂ!i’i“!i!u”ééuﬂéuﬂ!!!!!i!éﬂﬂ”ﬂéh‘!i

PEEEEAEEREEISLLE T T T e e T e L L A L R LA

11 L)
s S53 ¥0, Szt PCT 0SS 87 FR.esd, Cre, ART 6 SHIIIITIN L L]
1 SEC LM a2 I2ECES  am? AT, e ALTLATE [
' t

SE33SPEELELESALEERSILNRES

oo e, me. g5 G0 A 2 2 B YE F R =

Ve ozro7omm. mE. 88 03 &3 : M ¥ 88 b E

e omo7 o is o3 a0 &4 2o Yo A 0 €8

TRV 5 0 a2 E W™ ¥R ad O

o 7 nm < g e &3z B R 0@ 0.

Yor 7 teme. 198, 83 ez 090 0 M 0 & B 2.8 VERHON
Mo g oy ome. 65 0 08 3 @ W ¥E 04 0 BB 00 WM f&
:} R R 51 00 f W Y Q9 0 EH 0.0 NG (0F-imm N
Moe ¢ e, ma. &5 005 &2 B YE 0 0 @R 00 KNER O EILE "
Mo o g0, @8 63 D AE 8 @0 B K 04 0 D Q0 RTINS AN O o
W os T s, i ges 0.0 F W K 0.0 0 €8 0.0 NERANLGEEANN py
Mo gma M. 45 @) 041 A2 2 B NE 02 0. EN 00 SN ES "
te N 131

Ié!!(é*!!éié!éi%eéeéi!!éé!*!é%%%!4{!&!&&!éf!!!Qéii!5!“‘!i!!!!éé!ééé}&!!i!(é!!é{{!é!!‘i!i!é!e!!!&!!éil!!}leé!i‘!§é!ié!!§§£§! ¥




—

-

- !il!!0}!!!!i(l)li!ll!!ll!lll!l!}

-D3-

JRSTITUTE OF TRZNSPORTATICN STUDIES Foe38 Pz 33
HIVERSITY GF CALIFORNIA, BERVELEY S17iM ATION BEFQRE EXTRY CONTENL
18451-642-7390 TN SLICE 3 OF 1

uuuuu(ummtuuuumnmuummmuuuummmmmcummmmmmnmu
' . t
t FRESVAY PERFORXANCE TRELE t
' ]
uuememummmuuuumuunummmuumu»mmuumnmmuunuummmmumummmmmmun
s63 kA, SSEC 0-3 DATA DENRMDS ADJUSTED VOUWES  FRMT  WEAVE QUEUE STORAEE V/C SpEsp  FUIL KGO0 KM ¢

-y e L4S UENai 035, B82S, EEM.  OBS. Bzs, . LA, EFF LDESTH RATE L] K5 ES/Y B3IVH BSSYN 6

llll!!ill&lll!!l!lli!il!fll!li{lllbiili!{li{{!!(ll(!lilIilll!({l(I(i!l!i!li!!i!!!Q{{fi}tl!ll!li!!!llIl!lllii!!lli!!lIi!ll!!!l!iili!l
* i

t . .

y 11 . 220, 0. 2720, ;O 9, 2729. 8290, 0. LR 0. 45 9. 1108 2.8 935 1.2
T 2§ Zw0. 2280, A97. ss51, 2850, 497, $581. 38%0. 8. [ B 0. .43 3. 1.1 LE 13 153 ¢
[ S} 1489, 9. 9. 5084, 4. 0. %48y, 7200, 9. 0. 0. g1 S1. 1151 258 10.97 3061
v A S 3w, 82, 0, TIhb.  &t3. O, Sias. §A0C. 0. 8. 0. .1 . 1782 2% 19.51 11t
§ 0SS 2m0a, 297 497, §033, 297, 497, &023. 9350, [B 0. 0. A5 . i 5ot 200
¢« 5§ 5 230, [ B 4, 5537, 9, 0. 5537, 9000, e, 9. 0. L2 .53, 142 .5 10.593 .11t
v 10§ 2, NS, T €903, 385, 73, £302. 9000. Q.. g, 0. .48 5. 114 2.5 12,71 3.9 ¢
v 505 e, 0. 0. 3329, 0. 8. 529, &N, 0. 0. 0. 47 1. 1.1 2.5 1030 03¢
[ T 4 W0, 283, 153, 6117, 286, 153 ELI2. 9. a8, 0. o &b %1, 119 2.5 im0 ¢
+ 19 S 594, 0. 1372, 594, 0. 197. 59b%. 8204, 9. A 0. .41 5. 1.5 .59 18,91 .08 %
TR I T 0 B 0. 0. 5297, 9. 0. 5997, 9CN. '8 A 0. 45 . 1747 2.58 19.38 3.0t
¢ 12 0§ 11, IS 0, 6185, 3%3. Q. 8185, 9200, 0. 9. 9. .5 5. 1.8 i1 103 .03 ¢
1305 3™, UL gs. 7¢32. 917, 6S. 7082. 8909, 4. 0. o. 89 St 17.83 2.&s 1123 235t
[} -1 L9, e, 0, 4998, 0. 0. b8, 8108, 9. a, 0. .9% Sh. 17,33 2.5 1L 2.35 ¢
LI 8 e, M0, 177, 7A9I. 500, 177. 7497, 9024, e. 0. 0. .83 S&. 11.7% G 11,93 2.83 ¢
#1505 1N 0. 0. 7320. [} . 7320, EIN0. ['N 0. 0. .3 . 12,83 245 11,72 2.3 %
¢ 17 5 8. S11. 1%, @131 BIL 50, 8131. 9204 9. 0. o, .8 %%, 1.8 2.5 1.y 97
[IET T S XA 0. 0.7%1. . 0. 703l 7450, a9, [ 0. .8 €, 17,91 2.3 f1aF 2.97%
0 19 b 2eee. 831, 738212, 2L 73, 8712, 109%. 0. 0. o, B2 sk, 1738 245 181 2.99 ¢
t 3 5 BN 5, Q. 8839, 9, 0, 3937. %0, Q. 0. 0. . €5, 1795 2.3 1245 2.5 %
21 & 10s, . 158, §57h. 727, 136, 9576, 10100, . 0. g.. [T 1 T, 17.98 2.5 1204 2.91 %
y o227 2. 9. 4, 9429, 0. 0. 9820, 12194, 0. 9. 0. .73 5. 1.4 2.4 11,32, 3.01 ¢
¢ 23 7 lieo.  seRs {51, 9958, SAE, 151, 19sd. 12100, Q. (8 0. .82 %, 11,77 .43 1.5 .59 ¢
[ IR T i N 517 0. 0. 3817, 19390, 0. 0. 9. .85 5. 12,37 2.:3 R FRT
[IE) Y R (0 B R0s. 2°2.10223. 119M. Q. [ B 0. .85 S5, 1755 2.3 11,71 297 #
v 3307 1. 0. 0. 9930, y, 0, 9452, 12504, PR - VR Y O | - T Y B 2,49 12,30 2%t
t 21 1 130, %2z. 395.103E3.  RE. 135, 9874, 11230, 6.+t 708, 479, 57 | 1.1 3,29 18,76 2.57 ¢t
23 0§ 1IN 0. 0. 998, 0. 0. %339, o136, 5, #+ ]SS0, 479, .83 8. 1M 47 2.3 2.30¢
v 28 5 7en, 381, 1502,10329. 3l 1433, SESO. 9830, 0. a. . 1.% S, 21,77 3.0 3£.:3 242
[ 33, 5, 2617, 9626, 9. 3459, 2al7. 3000, 9. 0. 0. .94 55 1788 2.3 12.83 2.2 ¢
LI - 9. 3. 0. 5208. 9. e, 40t2, 730, . 3. 3. 8. .4t 51, 1% 2.57 0.3 .63 ¢
[ s39, 763, 377d. 978, 789, 5737, Si27. 9300, 2. 0. [ — w3, 1743 2.%5 19.5% d.11¢
' H
mumnumum.mmmuunuuneemuemummmumnmeuumuumnmmuuun|mmmmmmumuf
[ t
¢ TEL REAL LAlIV/T) = 1,00 AV 2 3, 1233 2,87 12.97 2.9% ¢
[} i
1.-:~s4-:;e:isu.mze-.|mmemnmusuw.mmmmsememmeeeu.u.memeeumuuemmeumumsm=stummimm

.

e



WATITITE OF TRAMSPOETATION STHIIES Frzia fz 5
PEIVERSITY OF CALIFGINIA, BESKELEY SIMAATION SETQSE ENTRY COMTROL .
(815i-842-73%0 TINE SE1CE & OF 18 i

!%ie!i!{é&i!{I!!i(!é!!ii%!éii!?!!}!éi!l!i!!!l!!!!E!!i!!iéi!i!li{{‘ !ééii!!(!i!l!{!i{!i!lii!!f!!*i&!!!é!f!i‘l*i!i!lli§!}i&&§!!i!&‘(!

t t
$ FEESRAY FERFIRNGNCT TA2LZ H
L] 3
N“!!{!-!55!!!“"""‘.“HHHN(‘“N!"“t“f““ﬂ'!‘i'}‘!ﬂ!"HH"H‘HM“{"M'l!‘!liﬂ‘“uHHH“'M‘H‘MH!!"0“:“-1
¢ S8 . ABJUSTER VOLUNES P28 37E z W/C SPEzR FUZL |
§ 80 LNS LEETR @R, MES, psx. 0z, BS3. WRL 02, [ ey ue3 :

lf“!l!!!!!‘l!'!““{!"i EH !4!5({}!‘ii*‘l':!l'i“li!li‘!it‘!!!l'!!QQCEE{!!Q{!!{i*{iii!&lii!!f!!if!}!ill!!!!!i!!!

£50, 7025. 2935, €53, £377. 8577. 9200, 4. 0. 0. .7 S57. 11.5%

14

¥
.‘{l!{ll!i!il!{li!lil!l!!!i!!!!*&5!{!!l}lf{&!i}!!ii!i!f!{i*!f!i{*l{}i!!!%il!l!i!!!!!!i{i!!{i!!!!ili!l!!!{l!!llf!i!!!!!!l!*{i!é(él
t

i

JoTAL 525, ’ FAL(Y/CH 2 1,00 AVE = 43, 18,18 L3187 2%
H

t 113 . 2¢§7, 2583, @, 2% [ 8, 0. a8, 11,23

t 2 5 2izd, Iit Q. 8, 0. i 5. L.t

f 3 4 [ a, ¢. 5, .80 &, 17.32-

LI T 4. e. 0. 9, 2t 5%

t 5 3 i, 0. e. J. 35 S,

¥ a5 a2, &s J. d. 9. AT

LI - 125, 3878 1. d. 8, e 5T

s 8 Z 9, §7 0. 9. . 8 5

t 9 3 23, T e. Q. P -8

+ 193 231, $315, 204, Q. 9. [\ Y -

t 1t 5 9. 8215, M3, e, [ [ SR & . TN

t 12 S 0. 3253, 9309, Y T - E DU > SE ] 23,

1205 85, €34, 834 q. ¢. 0. t.00 3.

LI E I R O£ § R 35 0. Q. 0. 53 4%,

r 15 ¢ Si. 219, 8343, 904, 4. 0. 0. .93 ZIZ.

1 3 0, 3149, B83M. 0. 0. 0. 9% 5.

LI V-1 177, 8998, 9324, 6. Q. 0. .95 &,

¢ 15 3 . 0.8213, 431, 0. Q. 0. .93 53,

19 ¢ 124, §474. 19909, 9, ¢ 1187, 2%, .81 S.

+en 3 0. 33th, SN, Q. #1203, 156, L83 2%, '
2t b hS 101’0 10100, 4. 0. 0. 3.00 35, “t
r 22 7 9, $325, 12190, 9. 0. 0. .22 354, 3t
t 22 7 . 9739, 12100, 0.+ AIl. 723, 81 Sa. 1780 2.4 fa. %t
1 2% & 1 . f.‘. S73. 162290, 0. 1t IS, TS, .93 A, 22 @ ? [OR
t 2 7 413, 814 lll?_. A1z, 358, 9993, 11930, 0. w1039, TS, .3 %, 1741 3 El
v 28 1 ° 0. 0.10733 ¢. 0. 9582, 12300, 0. B¢ 1800, 725, 7 2i. 1642 4 HE
v &7 kAt Ao, 11128. 354, 48D, 998k, 1IESA, 0. 1 708, 7. .8 &=, 1171 2 LR ]
v 23 & 0. 9.19633. R 0. 5435, 10150, Q. #1550, &, 93 25, 2.4 3 I ]
t 22 % Ay, 1272,11923, 385, 11aZ. 9852, 9533 0. 9. 0. l.aa 23S, 2177 3 4
2 3¢ & 0. 3539, 974S. 9, 3181, 8795, 0d4, - Q. 9. 0. .97 53, 183 2 H
t 5 Q. 9, 41es, e 0, 53E7. A 0. 9. 0. A 5. 7.8 4
H &

}

H

H

t

t

H

l(!i'i}!li!!il‘(‘li’*!‘!l!lf!!‘{!‘iéiiQ{}‘!‘i*‘(iii!i!i{!!li{!éii!ll{l!i!i!l(lllllI!Il}!lil}!ilil!i!{!!*{li!i!!l{ii!{iii!l!!lii}f!i



FORTATICN STUDIES Frzta HEEE
iy BERKELEY SIMPATION BEFERE ENIRY CONTROL
TIME SLICE & OF 14

IKSTITUTE CF T
unfyzes

!{i?!t!i!!i!!!!Eiéiétiilif!l!!!fli!ii!lil!f*i!!i!!ili!ii!tii!!'&!!!l!{l}ii*il!!f!iC!l!*!!!*i!f!&{!!f!!!!lli!etl!!*i!!é}!!(é!i!!f!l

i€ TRILE

.ol

& FREEEAY PES

T e e I T L L A R S L L]
cut g3, 8550 G-D DATA DEMANDS  ADJUSTED VQUNMES  FRMY  WERWE  CGuSut STORRSE W/C

sFEEd  FUSL

#eus pg, S

¢ SIr L4 LO3TH  OE. D3, BEN.  0R3. BES, YHL, P, GFF LZNETH BAIE 4, "3
I!!&Q!i§!!iik!i(‘!!!!iéié!!!!!!!!!i!ti!!l!(li}ii!!i!(!ilf!*!éi!i!!l!ti!EI!{ié!i{i{!i{!l!i!&!i!!!!!éi!Eé!til!!!!i&iif!?&ié (23

&t el

¢ 1 1 1, |0, 3778, 9. 0. 7L 0%, A, g2 e, 3.1
t 2 3 333 7825, 3, E23, 7125, 89t 9, .2 €3, 3.3
[ 4, 97 cL. it 2.3
£ 4 S 4. .37 2. 3} 3,62
t 5§ 3 0. .81 SE, i1 .92
[ - 0 i L
705 3 Y 3.
s 3 % H 2.11
N z,
£ 10 £ 3 2

LI S - 3 1.
12§ kK :
12 3 1¢ 2.
¢ 14 S i 2

t 15 % 32

¢ 18 3 12, H

t 17 S 2. z.
£ 13 5 ! 2

t 12 3 13,237 2.
22 & LB A,100L), 19.84 2

t 21 b g2y, 123,10825, 29,35 :

£ 27 ¢, 9.19794. 19,10 H

€ 23 7 7. % 2

$ 2y & %
[ i i, Sas, 2.
v 257 g, 2. 2.9
t 27 1 313, 52, 2,18
$ 22 4 9, 0.1 2.2
t 22 8 Ly, 184S, 2,41
i T B A, 3185, . 3289, 8357, 00), 2.8
t 3 J. g, o, 0. 5783, 1
t 3Z & iTe, 7145, £59, fLif, 331£, kR
3

!!§§*§¥55‘!Q!é!!!é!é{ééiii{!ii&é!ii&el!é!i!éff{li!éiiii!é!éif{!!!E!ié!!!E!l!!!!!QE&!{!!!!!{i!i&!!!!é!!!i:{l.

t

EIERTOAE BATUNSY = 1,09 AVS = 3E,

1

+




~ - - ~ N . .
- "~ - - LK L g Bl R Rl R ™

IISTITUTE OF TRANSPGRTSTICH STUDIES
USIVERSITY OF CALIFORRIA, BERNELEY
(6:5)-£42-7379

“ggs,  pex

{3 3300,
£ S 283,
1 % 13

| S 3

5 5 &t

5 3 3

7 3 g:
35
15
inos

123
HICH

13 =

PR

15
17 5

18 3

T ¢

23 5
I

2z 7
22 7

v &
[

28 7
e 1

-
2

el
33 599,
2 £ T09. 759. 8774. &774.

i(i!HHQi(!!ii!‘.H’!H‘.’.&!!é‘.!!‘.!ii&!!é“iiéﬂ(é”!§!!!}*!Hl!é!!!H!!HQHHHH!HHHHH!!H!!!‘!!{H!!!H!MH!H{!HHHH!M

L Il T,
a3
¥}

T67AL 52530,

H'f!!ﬂ{lé!é*?!&l‘.!!'éE"H!é!!!HHi!i!éié{f!‘.(i!{!li!".!'ii!i!l!!!§Hi‘.!‘:!!!!"!!!!“i!i“lH'¥!QH‘.!!H{H‘.!!H!l!lHl’l!ﬂ!é!if!!“‘!

A DEMANDE

ABIUSTED VELinvES
GrE. BEZ, V0L,

CEZEI RS Ao R R T e bR B ba bR oS RS LERLEERS

3332,

— mn
oy
HY
mm

T PIRFORMANCE TAELE

FRdt  WEAVE  CUSHE STCRSSE W/C §PESR FUZL
€2, EFF LSMGTE  pRARE g Hrs
t

BREFEREERRSEIRRELERAR RS TR E R E TR RS R AR IS ITRE 8444
17,43 2.5t
15,94 2.47
17.72 e
17,43 2.
7 2
2
4

LAY PRY RN
.
“w 3
=

[ N1
o
@0 i
i dm

-~
-0

Tt
L

. .
n 2 (y-0

FRYLLIFT X PIY N iy N}
.
[ RANS LlagP s Aol

N i
T

[IS ering

Y .S
Latr
o

MATIY/CY = 1,00 AVE = 25, 18,20 3.56

e

4

ey

13 e v g e ome

33
RO

03,00 0t

~3 G

B uidn,

-v-"'-c-'*.p"'...*..n-_-o-...-r,,.-,-—_n-,,.w-,,.a-‘



INSTITUTE OF TRANSSOETATION STUDIES FRE03 Pz 57
UHIVERSTTY 0F CALIFOSMIA, BERYELEY SIMUATION BEFGEE ENTRY CONTROL
(415)-¢42-7390 TIVE SLICE 9 OF 1§

rTrrrrrrrrTrrrT T ST I T P s L S R A A e T T B R e G Lt S e At e L AL
FRETHAY PESFCRNANCE TR3LE

SR EEEEEEAIEEEIELEEEEESEAEEE IS HEREL I L M B R B L EH L D R S e e b el
£ 52 NO. S 0-D CATA CMRNDS  ADIUSTED VOLUMZS FRNY BEIVE  QuslE SREZ ¥/C SPEED U AL
c TNaTH  be3. [ES. BEN.  OFS, BES. VOL, AP, EFF LENGIH RATE uey - E T T
e b s EEARREEIEISEREREEI LR LR EEAR LI LA REE M R T R R B R E S R E R R R R R R FR R D

11
t
¥
i

]

i 13 £103. 0. 4192, &193, 0. 8103, 4440, [ L3057, 2. H
+ 2 5 2030, 975. 7153, 2989, 975, 7153, €530, 0. L ER, 2. &
t 3 4 9. 0, 8173, 9. 0. &178, 7209, Q. 25 82, <. &
t 4 3 223, 0, MMiE, E 200 Q. g3 57, 2. #
t 3 0§° S, 933, 73, 9. I N 2. +
£ 5 3 9, g1 85, 2 t
[ -1 LN Ik B P s, %
v & 3 G, £t 1 L2 19, 4. t
[ B 9. A 17, & %
1y § Q. S0 18, 4 1
t i1 S 9. g4 17, : t
¢ 123 9. 700 18, 33 i
$ 13 % Q. 32, 1.0 28, 2133 H
$# 1§ 3 9, LR 9, 37 4. 14.2) [
P 15 4 0. g. 0., .S 5. 7 17.38 1
# 18 S 9. [B 25 23, 13 i
17 S 53, 3, 83 €S, 88 2,35 ¢
13 3 Q. 0. L . Hi 2171
1 19 % 333, 0. 7 22, 32 2.3 ¢
+ 33 3 4, . 570 2. 53 2,251
r 3y 4 £72. 4. .52 7. 2 3,23
r 22 17 8, . (LR Ly 12, ERN
t 2 7 S1. 341.102:2, {2129, 0.2 25 2. 3. 2,111
s 2% 0§ 9 37, 10300, e. Sh 2k, .57 2.2% 1
t 3 7 11330, 2, .22 L% 2131
s 3z 7 9, .78 4,37 2,03
t 27 17 9. .39 1.3 RN
LI 2, R 3.:5 2,311
t 23 4 b 1.0 3.08 242 ¢
¢ 1) b 0. 9 2,£2? 2,33
LI G 14, JIE 2.:2 1.

t 2 8 9. R} 2.33 k!

t

EESREREAN e RIS EEEEII AR EIN I IEEIRIS ISR RINAAN SIS AR LI ERT RS RE PRI N L R ey &
’ '
[T - ST MY = 1) Av8 = 23, 17,33 337 3% 2.4

t 1
iié!é‘.e.‘{‘.'-:ér’é!l:E!é!if“,‘.é!‘%!ih!!e!?!!‘.!é!!é!!!é.‘{!é!‘.!é!!M!é!!H!H!!é!!Hé‘.&!!ééé!é!é‘e:?i!!!!!é!‘é‘.‘ﬂ!!H‘.ééé!!éé"‘.(éh!‘



~-D8-

-
[ ed -
~ w

-

“
w

FESsEEERTELELELILEY

L34) dd ” ) ot .
e « « <
G RN AN AR S N R

= . .
- P e N e
% L Ao S S Rl by DI
el
e .
ol .
bl o
- w iy
e
»
-
pY
= O P T P O AL IR ol 28 s S Dy D
AR it DR Ll I S M -~ ~r 3 0 .M
» ATRRHISIERU PR R G.Q.:.:...4.,3“1.::..1-Ha.:ul..:dﬂ
P - . - - . « T e TTe " e e et e * b
-t ) )
-
"
* .
o - Ve
]
-
-
-
e
o "
(=) -
ol -
[ -
b -
(&3 2
) -n ot
- »
= [ b . RS PR PRI
.:h% -4 = S S D S
i -
-— "
S u -
1 ac ug b
ulaica ol
FA2 1y, e=e ot
e A oo
arGi w
W -
=3 as b4
poypest 4
= b PR il
o oo Gesien
Py ] " i u
=1 besd
52
= - “ . . . . .
= - S en D e T S D n
P wyr 4N | -1 k1]
- - N v
“ 3 )
- P S S .
pd Thpe ) ST T m
- k . wi
- 3 v wh
"
“
e
o w T e LSt g
- X - -3y oL S L D
..huq. b ﬂuﬂm-ﬂﬁﬂ.ﬁ:uﬂnl
o - T
5o 5 .....a..I.J-I-IF“:.“._:.:C.—.
=i
e e " TS el . . RPN
w31 - 5 y ih IO S e i) S P o
Y} w : I B I N
o w : )
il "
e P -
= w * R S S S S S IO,
nnn.Aln. o - D g1 S (2 D s Sy Sy S e
P - - [ 1] 1
o E - ool “w wroe w)
b es - '
[~ ¥ Ly -
fri =] - -
4 - “
! - o
i - *
P \-.M- e -
O - "
u, ¥m " a
= by o a
P " Y
wi ey ¥ TR
- b - b Y 4o "
S5E S H.n.. i e )..J:...-..JL..R-...—..JSSLu:.-s.\-.a....5...-..6.t.l~l$.:§.._.4lu 3
=hin ° b £
»
ma - x 1.9.3.3.....-..5./30...” 3.3.1(-4.735..4.1.9....:1:4.:7_.A..n-..d.l.!. -
2% b ol ol P TS e it i ot ettt 0
o~ . - Y b
e W e W e e Ly W e . -
" w - - .!....tl.llx.!.!...l.t.l..to..tl&.l!}!ls.lit.!!fiiih!!!...

s



-D10-

m*mmm*mmwumnwmmwmﬁ~m~u-mumm~_m*mwmwmamummu-mumm*m--m**u~um-~umummmmu~wuu~mm mm**mmm**mm**mmum~mummm*mmmm*mmmmuw*mm»*mmﬂmm*m~—

% t i
i £1°0 6070 00°0 0670 00°0 00°0 €0°0 00°0 000 600 06°0 G0'0 00 0070 00°0 000 ¥ (IE
1 £€9°0 EE'0 HI°0 0070 G0°0 00°0 00°0 00'0 000 0970 00°0 00°0 GO0 £0°0 00°0 0C'0 1 9%
1 £0°1 LL°0 63°0 41°0 60°0 60°0 00°0 00°0 00°0 000 00°0 GO'0 60°0 00'0 (0'C 000 5[
3 31 EE'T 41°T OL°0 02°0 00°0 00°0 0G0 00°0 0970 000 0G0 000 00°) 0070 000 ¥ b2
3 oi*a 81 59°T 121 G40 12°0 00°0 00°0 00°0 0070 00:0 00°0 0G'0 060°0 09°0 00°0 % EI %
' L0°3 Sh'@ g2'@ €81 EE'D k5'0 12°0 00°0 000 00°0 0070 00°0 60°0 00°0 00°0 000 E ]t
1 L' 92°E LO°E €972 2@ E9°T 00'1 9570 0070 09°0 09°0 00°0 000 €070 UL MU SRR AR
i Wh'h EI'h S6°E 0S'E 00°E 15°2 81 €yl EY'0 0070 00°0 00°C 00°0 00°0 Qe #01 #
: 0B'h bh'y OEh GB'E SE'E 98'2 £2'2 6L°1 ELO BO°0 ¢0°0 00°H 00°C 00 00°0 146 12
¥ £9°5 (E'S BI'S WLy E2h BLE TITE 92 99'] S6'0 9L°0 0O'O 00°0 0070 070 *8 1
t 3 §9°5 15°% 90°5 95°% (0% hYUE 662 8b7) g2'1 60°T 00°0 00°0 0070 00°0 1 (¢
3 gp°7 S1°9 94°S €55 10°5 £5°h (8°E SH'E hhd RL'E ST L1000 BOCO G270 UDREVRE S
1 p2'L 689 OL°9 §2'9 SL'S Se's E'h Ity BI'E gy'2 Ge'2 1670 &B°0 E5T0 HRDIEE SR
t Bh°L AS°L 65°L §0°L 5S°F §0'F ES 6hTh B'E ('€ BO'E ILUT STl EEC] w0 rhy ¥
i §9°5 HE°B 02°B SL'L 524 9L°9 EI'9 &35 BY'h 8¢’ BL'E 1h'2 cE'e £0'¢ 00’0 3E 4
i 5h'6 1'% G0'h S5°8 50°8 §5°L €67 44’9 ER'S LL'h g5'h 12'€ 11'C ER'C by 312 3
1 600l BL°6 65°h 1% ©9°B 51°8 5L 80°L LO°9 LE'S L1°5 08°E IL°E 2k VR I R
&
FRRIRAREAIRIRRIRRRIRRARER **_*.mm*...m*.vm*__‘*.**_w**_.w*w..mmu,mmm*w.~*~.mm»~mmﬁm,*m*wm~*~mmmwwmx*ﬁw*mnwmﬁwm~*~*~m~*~m-.- H
¥ 71 5l Y1 El el i 01 b [} L 9 s h £ 2 ] i
1 RiOQ 1
3 : 55GY2Y SHOLIYNILS3T SHI9IN0 ¢
wﬂ_m—**-*--s,---*.m*mxmw*.-*m*~‘**~u..**mm**u_*w~.mwmmmﬂ*‘*m~*w*-~mm...*w**m~uﬂm**mym*m~*umm~*‘*-*-~w**m*~*u-**~**._*~

m—mmmmr-m-m*¢~mmmmxumuwm*mm*wamm**mwwm*wmm*mmwmmmm

1t 11
3% (S3LNKIND 3KIL T3NRYEL AVHIIES 1
? it it

wﬂmmmmmumm*mmmm—mmmmm*mmmmmmm*m*w~uw~m*~m~*~mmmmwm

91 40 1 32175 3HIL
JOYINOD AJLHI 380438 HOLLVIGRIS
he 39% 8344

A313A438

0bEL-ch3-181Y)

CSIRNO4T WD 40 ALISH3AIKA
5310015 NOILYLNGASKYEL 30 3LNLILSHI



(*HOTLS3GH0D SHITNIVW S1H3S34434 AY14S10 40 HISNIT F1STX3 30300 HLOA H3HH)  "OHISHI
QHY NOT1S330D FHITHIYA 01 3nd $3121H3A G303nd 5310430 8 “SH19¥34 01 300 S31ITH3H 3N 5310130 W
“ND11539MGD INIHIVH OL 30d §3121H3A 03N3NA SILONIT ASI¥ILSY *9144y4L SHIAGH SILONIT ANVIE

-

8 92 61 81 LI 91

seecessnesensaveds cessevssssnacensrrgieVSLIRS

ELeiil B L %0 80 MEr 21

--.-.-...-o-.--.--..-.--.-.-..n--

0089 - "
gy - ° ‘e
0g:9 - * 11313 " E
chig - ° FEE1IRITIINER 11113 31 * Y
00 - ° JREEfRERRRIIEEIEARE Y 13313383 *g
giiL - pRERERERERIERIEERRIRIIRELIITIIHENY ITEEEIEEEEEIL ‘9
0B, - - ,****mm_m~*w~w*w**.**-..,~_*‘mwm.****‘*~*mmwmu Fi3411EIHIEEE ‘L
ohif - * *mm..*w*m*‘mm*.~u*_~u-w~_*m.___~*~**,*._.*__,~*sauﬁﬁ..nﬂ..*...mm* ]
008 - ° TP T LT LI RERRERREES AL AL RS LA FEYSCTERERIRsRER 25T ‘b
g1ig - ° O PTTI T LR Lt EAt s R R ERRRREY 117313434133 1EREEY * 0l
0gig -~ ° JiTRPHERIIIARIAY RipLAYY S STELERAEERA1] R ]
ghig - ° $3133133F 3RIRF HEHHR ppuInn * el .
00ty - ° 313113t 31 11 * El i
L Ll M 3 .
chib - .. ..n: ;
mz——- h.nl...hc...o-.tn .0-..0--..&.-.-..-..-. -.~.l--.n.n....-s-lu-qlooc ..-~l¢l.-.-... uu~4m .-
1938 N . , ML

: NOLLYZIN L0 340438 ©
HLOH3T 3N3N0 -

40 WYHOYIO BROLHOD

. 04EL-2Y9-1G14)
A31T3E CVINH031T6D 40 ALISUIAINA

T 1h 394d 80344 53{0015 HO11¥1dodstivdl 40 JINLTASHI



APPENDIX -E-

NON-INCIDENT FINAL CALIBRATED RUN FOR
WESTBOUND DIRECTION-SANTA MONICA FREEWAY
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INCIDENT FINAL, RUN FOR EASTBOUND
DIRECTION-SANTA MONICA FREEWAY
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1. | NTRODUCTI ON

Thi s docunment describes the enhancenents made to the TRANSYT
nmodel at the Institute of Transportation Studies-Berkeley (ITS)
to better handle actuated signals on arterials and networks. All
of these enhancenents were incorporated to the |atest version of
the TRANSYT Program (TRANSYT-7F Rel ease 5) available fromthe
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 methodol ogy
used to nodel 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 out put
features. Appendix A provides details on the conputational netho-
dol ogy and, Appendix B includes revised coding instructions in

tabular form for quick reference.

This enhanced version of the nmodel is fully conpatible with
TRANSYT-7F Rel. 5 distributed, by the MTrans. Existing data sets
will still run without any nodifications and produce identica
results with the standard version

It should be noted that this User's Cuide describes only the
changes to the nodel perfornmed by ITS. A conplete docunentation
on the use of TRANSYT-7F can be found in the TRANSYT-7F User's
Manual and the FETSIM Orientation Wrkbook (2).



2. OVERVI EW OF THE METHODOLOGY
TRANSYT- 7FC cal cul ates the controller timngs for actuated

signal s based on the results from earlier research work perforned
at 1TS (3,4). A brief description of the methodology is given bel ow

(Refer also to Appendix A for nore details about the conputational

met hodol ogy) .
First, the average green times for the actuated phases are
estimated for a desired degree of saturation for the critical
I i nks nmoving on each phase (default value 85 percent). The
estimated values are adjusted as appropriate to satisfy the
m ni munphases length requirenents 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 m nimum
phase | engths and avoid oversaturation for the sync phase. In
case of nore than one non-actuated phases (for exanple, through
phases on grid networks) the program automatically deter-
mnes the extra time to distribute to each non-actuated phase

based on the specified phase sequence.

If all the phases are specified as actuated ("free" signa
operation), then the program conputes the average green tinmes to
equal i ze the degree of saturation on the conflicting critica
approaches.

The net hodol ogy has been incorporated in TRANSYT with a
m ni mum anount of additional input coding and at the sanme tine
provi des considerable flexibility to the nodel Users. Users can
easi |y 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 al so
made to the output to assist the user interpreting the sinulation

results.



3. I NPUT CODI NG MODI FI CATI ONS

To use the enhanced version of TRANSYT changes should be
made on the followi ng Card Types: 2,10,1X and 2X. (Refer also to
Appendi x B for a description of coding instructions in tabular
form.

Actuat ed nodes should be listed on Card Type 2. The val ues
of the variable intervals should normally be left blank on Card
Type 1X The type of each signal phase (pretined/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--Optim zation Node List--Fields 2 through 16

The actuated nodes for which you would i ke TRANSYT to conpute
the average green tinmes, nmnust be listed on Card Type 2 under the
list of nodes to be optimzed. This is optional for pretined
nodes. However, since all the nodes need to be listed for an
optim zation run it is good practice to list all the nodes in the
simul ation data deck to avoid nmaking changes later to perform an
optim zation run.

Card Type 10 -- NETWORK MASTER CARD -- Field 11

Users can specify a network wi de value for the degree of
saturation to be used in the conputation of green times for the
actuated phases. The program uses 85% as the default value for
this parameter. Users wishing to override this default val ue nay
code the desired value in this field. This value nust be within
the range 50-100. No decinmal points are allowed. TRANSYT r eads
this value as a percentage.

Note that this value applies to the entire network. Users
wi shing to change the desired degree of saturation for a particular
phase may do so in Card Type 2X, Field 16.
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Card Type 1X -- CONTROLLER TIM NG CARD -- Fields 5 through 15

A node having at |east 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.

Not e
If an existing data set-is used with the value of the variable

intervals already coded and is desired to determ ne average green
times for actuated control but at the same tinme maintain the sane
offset, then the yield point coded on Field 3 of Card Type 1X
shoul d be adj ust ed. This is' illustrated through the follow ng
exanpl e

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

CONTROLLER TIHING DATA

NODE OFFSET/ INTERVAL DURATIONS (SEC% .OR PERCENT) . . . . . B DOUBLE

NO.

!

NODE
NO.

!

YLD.PT. REF INLINTI  INTZ INT3 INTA INTJ INTE INT7  INTB . INT9 INTIO INTI CYCLE

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. |f 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 nust
also nmodify the input yield point value, as follows:

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

The nmodified Card Type 1X is shown bel ow

CiillioLLER TIMNG ~MmTA
OFFSET/ INTERVAL DURATIONS (SECS. OR PERCENT) . . . . . % * ko DOUBLE
YIDPT. REFINT | NTI IN12 INT3  INT4 INTS INT6  INT7 INTB  INTOINTIO I NTI| CYCLE
|

1 3 (- 4 0 4 0 0 0 0 0 0 0" 0



Card Type 2X - Phase Sequence Card - Fields 16

Field 16 is now the location for not only the 2X conti nua-
tion flag, but also for a flag indicating whether a phase is
actuated. The new hybrid flag is coded as follows;

CODI NG | NTERPRETATI ON

"0" The phase is non-actuated (e.g., sync phase); no con-
tinuation card 2Y will follow

"1 fThleI phase is non-actuated; a continuation card 2Y will
ol [ OW.

"3" Actuated phase; green tinmes will be estimated based on
t he degree of saturation entered on Card Type 10, Field
11, or the default value (85 percent).
"50-100" Actuated phase; green time wll be estimted 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 nore than 8 |inks noving. Thus, in nost 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 tine
for the specific phase.

Card Type 2X- Phase Sequence Card - Field 7

Here, the m ninum phase length for a phase is specified.
Normally, this value represents the m ni mum phase duration for
vehi cl es and pedestrians to safely clear the intersection and it
shoul d be at |east equal to the sumof the fixed interval |engths
pl us one second.

Sinulation of actuated signals w th TRANSYT requires to
give special consideration to the phase mnimm entered in this
field. For exanple, suppose that the pedestrian signal is pushrbut-

5



ton actuated for a particular phase and 18 seconds are required
to satisfy the mninum pedestrian clearance tinme for the actuated
.-Phase X, but only 10 seconds are needed to. serve the traffic
demand. | f pedestrian traffic is so light that the-push-button
is activated only once every 15 cycles, then nost of the tineg,
phase xneeds to be at | east 10 second |long. Thus, to accurate
simulate average traffic conditions using TransyTit is appropriate
to code the m ni mum phase | ength required for vehicles and ignore
m ni num pedestrian requirenents. If, however, pedestrians frequent-
|y use the intersection then the m ni mum phase |ength for peds is
the appropriate value to code in field 7. Users, therefore,
should be famliar with the field conditions to appropriately code

this val ue.



4,  OUTPUT FEATURES
Several features were added to the TRANSYT-7F output to

assist the user correctly interpret; the results of a sinulation,
run. Notice that next to the TRANSYT 7F Rel ease Number on the
top left side of the Input Data Report appear the words "Enhanced
Actuated Signals Version" (Figure 1).

| nput Data Report

Wthin the Input Data Report, several field headings have been
changed or added. For Card Type 10, Field 11 (previously bl ank)
now has-the heading "Degree Sat". As it is shown in Figure 1,
the systemw de 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
headi ng "Phase Type". Note that phases 1 and 3 are actuated
(Figure 2).

Signal Controller Tables

There are several new features wthin the "TRANSYT 7F SIGNAL
CONTROLLER SETTI NGS' output (Figure 3). First, a nessage is
printed indicating that the network includes actuated signals.
Each intersection is |abeled with "Actuated" or "Pretined" as
appropri ate. (I'n the exanple output shown in Figure 3, the signal
is "Actuated"). Al so, phase splits (in seconds and in % of cycle)
are provided, and the phases which are actuated are identified
wth the letter "A". At the bottom of the table, the new yield

point is printed.



|f the estimated average green time is |ower that the specified
m ni num phase length, the green time is adjusted and a letter M
i's, 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 terninology "yield point" is always used for actuated signals

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

i nterval.



TRANSYT-TF

TRAFFIC SI6G6NAL SYSTEH

OPTIMI

@ s Jv,1987

ENHANCED ACTUATED SIGNALS VERSION‘) A/

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

FIELDS: ! 2 3

LINE
NO. TITLE

2) SAMPLE RUN FOR USERS’ GUIDE SUPPLERENT

LINE CARD
NO. TYPE CIE CIE
3! 1 120 120

kE
o

SEC!
STEP

RUN TITLE CARD

NETWORK CONTROL CARD

SEC/
STEP LOSi  GREEN

2 2 2 - ! 0

ttt 107 ttt YARNINS t A STOP PENALTY OF *-1” WILL RESULT IN AUTO#A?IC
CALCULATION OF THE PI TO MNIHIZE FUEL COHSU!tPTION.
LINK SPECIFIC DELAY OR STOP WEIGHTS ON CARD
TYPE 37 t 38 WILL STILL BE APPLIED, HOWEVER.

LINE CARD
NO. TYPE
4 2 1 0

LIST OF NODES TO BE OFTIfilZED

0 0 0 0 0 0

SYSTEM MASTER DATA

LINE CARD” MASTER SYSTEM DEFAULTS SYSTEM EXTERNAL SYSTEM FUEL VEHICLE ORIiEN- DEGREE

NO. TYPE

! 10 0 0

FI GURE 1.

0

NODE YELLOW ALL-RED SATFLOW SPEED

0

PDF -FACTOR LENGTH TATION SAT.

0 0 0 0 0 90

| NPUT DATA REPORT -- TRANSYT-7FC

ZATION PROGRAM
VERSION 1. i

DEVELOPED BY*

TRANSPORT AND ROAD RESEARCH LABORATORY
UNTED KI NGDOM' D

TRANSPORTATION RESEARCH CENTER
UNIVERSITY OF FLORIDA

12 13 14 15 16

STOP OUTPUT INITIAL PERIOD SEC(V) SPDiO! ENSL!O! PNSH
CYCLE NORRAL TIRE EXTEN. PENALTY LEVEL TItIINSS LENGT!! PERC(II TItIEI! HETRI!! DECK
0

60 0 0 0 0



1508 1 2 3 4 s .6 7 8 I B ¥ R LI U )

PHASE TIMINE DATA

NET CARD NOSE  START VARIAS. YELLOW ALL-RED MININ.

f0.  TiE MO, DNWLINTUL O INTL INTUL SECS.  LDMKS MOVING DN THES FEREE e evierens
nooo ! ! { 2 o 11 8 e ¢ 2 0 8
T t 3 3 I W 1 13 0 ) 0 0 9 ¢

9 I3 ! 5 5 3 S TS V- S (RN 17 A .| 0 0 0 0

LINE DATA
Qs CMD LING LINK SAT.  TOTAL  NID-BLK. FISST DNFUT LIME.... T GEFOND INFUT LINK.... THIRD INPUT LDINK.... QUSUS
V0. T NG, LEYSTH FLY VoL VOL. D WeLo SED/TT MO VEL ST MD. WL SPRATT G
@) 11 de 3w e ) 0 9 8 4 0 3 9 2 3 0
T - I N 1 R 1 44 0 9 0 2 0 0 9 8 0 0 o
I 28 13 785 3400 9 ¢ 0 ¢ 9 9 9 ¢ 0 8 9 8
R R L R L L 1) 0 0 0 a0 0 0 9 5 9 9
om ps W 3400 530 ¢ ) 0 0 0 0 0 0 a ¢ 3
1512 108 200 950 13 0 0 0 0 0 y 9 9 0 9 9
) 2@ 107 &5 3100 3M 0 0 ¢ 0 ¢ Q ) 0 ) 0 8
28 1 ks 790 8 0 ¢ 0 0 0 0 0 o 0 8 9
FIGURE 2. INPUT DATA REPORT--CARD TYPE 2X--TRANSYT-7FC
1

e



SAMPLE RUM FCR USERS® GUIDE SUPPLENENT : CYCLE: 120 SECONLS, 30 STEPS  PREE

TRANSYT-7F SIGNAL CONTROLLER SETTINGS

NETNORE-HIBE SISNAL TIMING DATA

SYSTEN CYCLS LENGTE = 120 GECONDS .
K0 MASTER DEFSZT REFERENIE CONTROLLER SPECIFIER

RLL OFFSET RCFEZENCED TG AN ARBITEREY TIKE BRZI.

(::EEEE%E; ISCLUBES ACTUATED SIGNSL - ERZEN TIMES ARE ESTINRIED,

IXTIRSECTION CONTROLLER SETTINSS

(3}
[0}

8

THTERSECTIC { ACTUATED

”~y
4
E
wn
o

INTERVAL  NUEBER 1

INTIL LEMETH{SEC): 10 4 78 4 22 4

(2]
o~
wn
(%)
—
fa-]
N

INTVL LENGTH {%): 8

SPLITS (SEC):

SPLITS {i}:

PIH SETTINES (X): 100/ 8 11 76 79 97

' ' L
PHASE STAZT INC.): @ @ = A AC]‘U/%TED PHAS

INTERVRL  TYPE vy Y vy v y

"~y

LIS HOVING 162 101 165
104 193 104

107

108

YIELD POINT = {4 SEC, 13 YI; REFERENCED TO START OF INTERVAL NO. 4

FIGURE 3. REVISED SIGNAL CONTROLLER TABLES-~TRANSYT-7FC

et m e el S R e o STt EN v



INTERZECTION 3 ACTUATED

INTERUAL NUNEER : 1 2 3 & 5 & 7 §g. gpee 7H4ES SE7
JINTVL LENSTHISED): 21 4 33 4@4 74 - EQui TC
INWLLENETH (1): 18 3 28 3 11 3 31 3

SPLITS  {SEC): 25 31 g7 4y

SPLITS m: 20 3 4y

FIN SETTINGS (¥): 10070 18 21 49 52 43 45 97
FHAZE START (NQ.): 143 2 3 §

INTERYEL  TYFE VoY vy vy vy

LINKS MOVINS 302 301 306 303
304 303 308 307

YIELD FOINT = 90 SEC. 75 1.

FIGURE 4. SIGNAL CONTROLLER TABLES (PHASE MINIMUE)

8-d
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APPENDIX A

COMPUTATIONAL METHODOLOGY




Actuated signals along arterials and on grid networks operate
on a common background cycle length; synchronization is provided

through the yield point, which is a fixed point in the cycle,

normally at the end of the synchronization (sync) phase. The sync
phase is non-actuated and has a minimum green time. The green
times on the actuated phases, however, vary on each cycle between
a minimum green and a maximum green time, depending on the arrival
rate of vehicles and the value of the extension interval. Fixed
force-off points in the background cycle are used to terminate

the duration of the actuated phases. If an actuated phase ter-

minates early then the extra green time is transferred to the

next phase, and in many cases the sync phase receives the extra

time.

TRANSYT is designed for pretimed signals. To simulate the
operation of coordinated actuated signals the average phasing and
green times should be first estimated. The phaéing can be determined
from traffic volume information and the average green times can
be obtained from field measurements on the duration of the green
times for a number of cycles. Field data collection, however, is
expensive and time-consuming, since data should be collected for
every time périod that a plan is to be simulated. Therefore,
TRANSYT has been modified to automatically estimate the average
green times. '

First, the average effective green time for each actuated

phase is computed as follows

where: g—— S DS ﬂ>

C: Background cycle (sec)

V: Link Volume (vph)

S: Saturation Flow (vphg)

DS: Degree of Saturation (user specified--default 0.85)
Next, the average effective green time for the sync phase is

computed as follows:

Go= 2yt O



APPENDIX B

REVISED INPUT CODING INSTRUCTIONS
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APPENDIX -H-

WESTBOUND THRU LINK
TRAVEL TIME COMPARISONS
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APPENDIX -I-

PATHNET AND TRANSYT
INTERSECTION REPRESENTATIONS
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PATHNET INTERSECTION REPRESENTATION
FIGURE I-1

o—lVL
TRANSYT INTERSECTION REPRESENTATION
FIGURE I-2
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