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SUMMARY OF FINDINGS

A previous report described the design and evaluation

of eigﬁt Ramp Information signs providing dynamic information
on ramp congestion in the northbound direction of the

John C. Lodge Freeway, Detroit, Michigan (26).* These

signs indicated whether or not a metered ramp should be
entered depending on the level of Freeway or ramp congestion
and traffic was directed to a parallel surface street

route. The percentage passing a dynamic sign was found

to be less than 10% for three of the eight ramps.

In this research a further set of 19 variable signs
was designed and erected on the cross streets of an
Alternate Route Network. This was expected to result
in sufficient motorist diversion to reduce ramp congestion.
The additional signs directed motorists along a network
of surface streets. Thus almost every motorist approaching
the Freeway passed a dynamic sign which indicated the
appropriate path to the Freeway. The use of more than
one parallel route also provided the option of directing

as much traffic as possible to the least congested route.

The aims of this particular project task were:
a. To design suitable signs to divert traffic

over a dynamic pattern of routes;

*
Numbers refer to references at the end of Part One of
this report.
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b. To determine suitable logic and hardware to
operate these signs from the Control Center;

c. To devise tests to measure the effectiveness
of the signs in diverting traffic; and,

d. To evaluate the effectiveness of the signs.

The equipment available for operation of the signs
and metered ramp signals included

a. An IBM 1800 digital computer with an input and
output interface for field communication
located at the Control Center;

b. Leased telephone cable and lines for communication
with the field equipment;

c. 55 vehicle presence detectors located at 9
locations along the northbound Freeway, on all
9 entrance ramps, including an additional
detector on seven of the ramps;

d. Eight entrance ramp metering signals; and,

e. Eight ramp information signs.

Equipment installed for this particular task included 19
variable signs and 15 surface street detectors together

with the necessary leased telephone lines for communication.

SIGN FEATURES

A variable message sign was erected above the west-
bound West Grand Boulevard traffic approaching Second
Avenue. Seven possible messages were specified. Four

pointed straight along West Grand Boulevard for access to

XVi



West Grand Boulevard or later ramps. The remainder
indicated Second Avenue and then access to the Freeway via
Seward, Chicago, or Webb. The sign arrows (when on) were
in green neon on a white background. The static message
F"NORTHBOUND LODGE FREEWAY" was painted in white on a green
background, and the variable messages (when on) were in

red neon on a white background.

A large blank-out sign was erected for the benefit of
westbound Davison Expressway traffic. The purpose of this
sign was to divert to Twelfth Street traffic from the
entrance to the northbound Lodge Freeway. The static
message "LODGE FREEWAY NORTH" and two arrows were painted
in white on a green background with the diversion message
"DELAY - AVOID RAMP USE 12TH ST" in clear neon tubes on
a green background. When this message was activated the
neon glowed red. Thus in the off-state, this blank-out
sign appeared as a simple guide sign. Another small
blank-out sign was erected on Chicago Boulevard at the
Freeway to divert eastbound traffic from the Freeway to

Hamilton Avenue when warranted.

Finally 16 trailblazer signs were erected at other
choice or decision points in the network. Each sign
consisted of the static legend "NORTHBOUND LODGE FREEWAY"
and two arrows, only one of which was visible at any time.

The legend was green and the arrows (when on) showed green.

xvii



There was a white background to the whole sign. Four
different designs were used, depending on the possible

turning movement and the width of the street.

Four tests were devised to measure the effectiveness
of the signs in diverting traffic. The first test measured
visibility in which the farthest distance that the
illuminated trailblazer arrow could be seen was determined.
In the second test unfamiliar subjects were asked to drive
on selected streets in the network and to follow any
variable sign they passed. The two tests revealed defects
in sign design and placement. Of particular interest was
that the signs with longer messages or more complex design

were frequently misread or misunderstood.

The third test to measure the effectiveness of the
signs consisted of counting the vehicles taking each
specified path from choice points for different states
of the signs. It was found that there was a positive response
averaging 2.5% and ranging up to eight percent. The
response was greater during peak periods and on streets

with sharper peak flows.

Finally the overall total travel time was estimated
on the Freeway and surface streets for selected before and
after days. A reduction of about 300 vehicle hours on the
Freeway was measured. An increase in travel time on the

surface streets was expected and a total of at least 100
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additional vehicle hours was accounted for on a fraction of the
links. It seems reasonable, however, to conclude that
there was a small reduction in corridor total travel time

but of an unknown amount.
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CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

INTRODUCTION

Among the ways of influencing transportation demand
other than changed basic human behavior, changed land use
relationships and more extensive transportation systems,
~ improved utilization of existing facilities can be obtained
by redistributing the demand for travel in space, time, or
both. Redistribution of demand in time WOuld require that
other human activities be rescheduled and while there has
been some consideration given to staggered hours where
there is a substantial opportunity to increase the effective-
ness of use of facilities, little attention has been given
to redistributing the demand for transportation in space
and allocating users to routes other than those that

they are currently using.

Beckmann, in his pioneering study, indicated that
freedom of choice is a service on which the motorist
places a value (2).* He listed four of these freedoms,
the freedom of choice of destination, time of departure,
route traveled, and speed followed. If a motorist yields

one or more of these freedoms it should only be because

.
Numbers refer to references at the end of Part One
of this report.




better service is provided all users of the system as a
consequence. Freedom of choice of speed has already been
taken from the motorist primarily for safety purposes. It
is reasonable to believe that the motorist may similarly

be prepared to yield his route choice freedom, particularly

if there is little disutility associated with this action.

Observation of peak flows in freeway corridors indicates
that while the freeway facilities themselves
may be extremely overloaded and provide a low level of
service, often there is only a low utilization of parallel
streets providing better travel-time service. If some of
the freeway traffic could be induced to use part of the
unused capacity on the arterial system a higher overall
level of peak period service should be achievable for all

users.

This leaves the problem of routing traffic to a
better advantage (here considered to be measured by travel
time divided by miles traveled). Particularly, one is
concerned with diverting a small amount of traffic from
a popular freeway to surface streets, so that the freeway
does not congest. There are three general methods of
attack available for this routing problem:

1. Controlling the rate at which traffic is

allowed to enter the freeway by traffic
signals on the ramp system (ramp meterihg).

2. Providing alternate routes to the freeway on

4



which the travel time is almost as good as that
on the fréeway, and relying on drivers to
discover and use these routes.

3. Providing alternate routes with equivalent service
as in 2 and providing drivers with information

on which routing is currently least congested.

The ramp metering approach has been used in several
communities. The general method of this approach is that
of unnatural delay. By metering traffic on the ramps, a
queue is formed and arriving traffic is delayed. Thus,
rather than providing an equivalent route operating at
freeway speeds (about 35 miles per hour at optimal velocity)
the travel time over the freeway route is increased until
some drivers find that surface routes provide better
service. This particularly serves to divert traffic which
would be using the freeway for only short distances.
Because it is this traffic that is diverted it is necessary
to control the on-ramps throughout the areas in which
congestion develops due to overloads. Ramp metering
also actually increases the capacity of the through freeway
by reducing the frequency of merge operations and the
associated turbulence. The second and third approaches,
if drivers can be induced to use alternate routes, offer
more promise than the first, since the induced queuing
delay at the ramps is not present and thus travel times

can be lower. The diversion is more natural, in that it




does not require artificial delays to be introduced. It
does require unused surface street capacity, and the ability
to provide good surface street service. The third approach
is more promising than tﬁe second since it would provide
appropriate routing even as the alternate surface routes
approached capacity, where the second method would always
have congestion at lower traffic volumes because of the

probabilistic nature of the route decision and thus of the

traffic volume on each route.

Potts has explored the interaction among drivers who
individually select routes from among a set in which the
trip time is the minimum that each could select (25).

Those drivers who select minimum time routes are classed

as selfish and those who select routes such that the
average journey time is not minimized are classed as
antisocial. In a road network with uncapacitated roads the
selfish driver is also a social driver. However, when the
road sections are capacitated and travel times change with

flow the selfish driver is not a social driver.

The general effect of ramp metering systems is to
increase the travel time for those users for whom the
improved travel time on their freeway trip does not equal
the additional time spent waiting in the metered ramp
queue. It will be to the advantage of all if this traffic

can be induced to use an alternate route, if the alternate



route using the surface street network can provide a
sufficiently high level of service to attract these users
as an alternate to the freeway. Also, variations in
demand at metered ramps can make entry at a downstream

ramp more attractive to the individual motorist.

It is clear that the key issue under consideration
is that of route selection by the motorist in the Corridor.
If these benefits are to be achieved with individual
drivers being permitted to continue to make their own
route choices it is believed necessary that each motorist
be provided with information valid for him which will
indicate the level of service which he can receive from
the system if he does select an alternate route. In
recent years there has been a great deal of interest
throughout the world in the need for an information
system which could provide the highway user with real
time or pseudo real time information on the operational
status of alternate routes available to him but he

le, 19, 24).

If the motorist selects a heavily congested route
his trip takes longer than necessary and also increases
the inefficiency of system performance. There may well
be better alternative routes available to him but he

seldom has sufficient information on which to base an



intelligent choice. Even though the corridor streets may
have sufficient total capacity, it is to be expected that
congestion will result on some arteries if drivers diverted
from the freeway are required to select their own alternate
routes. The individual motorist has little information
available to him on alternate routes and their state of
congestion. Furthermore, the typical motorist rarely
examines all feasible alternatives, and his judgement is
likely to be subjective and based on erroneous estimates

of travel time and distance. For instance, early users

of Detroit freeways were found to be more often wrong

than right when questioned regarding the relative travel

time and distance on alternate routes.

More efficient utilization of available corridor
capacity can be achieved by developing a sensing system
capable of indicating current levels of service and a
computational ability to evaluate possible routes in real
time and providing information to drivers indicating which
alternate route is currently least congested. If the
driving public is to be expected to act on such advice, it
is essential that recommended alternate routes provide
travel times which are comparable to those on the freeway.
Thus, the satisfactory operation of any driver information
system designed to distribute traffic over alternate routes

requires that service on such alternate routes be upgraded




as much as possible by means of coordinated traffic control
and minor geometric improvements, as well as by enforcement

of traffic regulaticns.

In order to achieve optimal flow in a network where the
users select their routes voluntarily it is believed that
the number of motorists who can be diverted is needed for
application desired. It is also believed that this number
will generally be only a fraction of those using the network.
This fraction can be "controlled" exogenously by the responses
of the motorists to the system since many will choose not
to follow the suggestion for personal reasons. The
fraction will be controlled within the system by displaying
the information to a selected set of motorists, probably
one or two of several approaches in a spatial context
or only part of the time if temporal communication is to

be used.

There is a strong belief by other investigators that
the prime benefits of a surface street information system
are likely to be realized only under unusual circumstances

such as major accidents, fires etc.



THE SITE

Careful study was given to the area served by Detroit's
John C. Lodge Freeway and nearby streets. The criteria
used in the selection of the corridor to be studied included
the availability of unused capacity on the surface street
routes, street orientation and continuity considered
acceptable to motorists, and likelihood of accomplishment
with the time and funds available. Because of these
constraints and a desire to communicate with large numbers
of drivers using the freeway, it became apparent that
studying the northbound movement on the freeway would make
it possible to communicate with drivers with origins at
prime traffic generators. Afternoon peak period studies
would give access to this group as they returned home
and provide an opportunity to experiment with the longer

and more severe daily peak period.

A study of alternate routes showed that there are
several facilities which provided potentially attractive
alternate routes to the freeway for longer trips. The
major north-south traffic corridor in the city of Detroit
is the Woodward Avenue, or John C. Lodge Expressway,
Corridor. The Lodge Expressway, originating at the Detroit
River in the Central Business District, proceeds approximately
13 miles northwesterly to Eight Mile Road, the northern

boundary of Detroit, and beyond into well established
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suburban areas. Although there is no single street which
parallels it, the freeway is partially supported by its
service drives, the newly completed Walter P. Chrysler
Freeway, Hamilton Avenue, the one-way streets of Second,
Third, John R., Brush, Twelfth, and Fourteenth, the

major two-way artery, Woodward Avenue, as well as such
minor arteries as Fenkell and Puritan. The corridor must
be taken to include all thése roads and their natural
extensions. It includes much of the city of Highland

Park, in addition to large areas of Detroit.

The presence of the old Davison Expressway in the
Corridor created an interesting challenge in this study.
It provided an opportunity to explore diversion from a
freeway to a major street and back to the interchanging

freeway rather than using the connecting ramp directly.

Railway grade crossings blocked by frequent switching
operations of variable duration created an unusual delay
affecting element to this study. A limited set of
detectors were added to the Freeway Corridor and used to
provide information on traffic flow necessary for the
operation of a display system. Dynamic displays capable
of providing timely route guidance advice were designed

and installed.

Courage concluded that it was of the uptmost importance

that an alternate route be established throughout the
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corridor since the peak demand on the freeway was known to
exceed the capacity on all sections from the Edsel Ford
Interchange north to Wyoming Avenue, a distance of more than

six miles (7).

He recommended the installation of changeable message
signs at critical decision points in advance of the
alternate route on those streets connecting with the

freeway.

A number of traffic engineering improvements were
made with the cooperation of the Department of Streets
and Traffic of the City of Detroit. These improvements

have been described elsewhere (26).

BASIC APPROACH

Moskowitz recommended an experiment in rerouting
and informing drivers of optimal routine (24). He believed
that problems associated with such a system are familiarity
with route, unfamiliarity with the travel time on the
alternate route, the possibility of too much diversion
and the possibility that the information provided to the
motorists would not be timely and relevant to their

needs.

Heathington structured a systems model of a freeway
driver information system in which he attempted to define

all elements of the transportation system in a way that

12



will assist in the voluntary route choice problem (17). He
described several characteristics for which criteria can
be established to insure maximum efficiency of such a
system. These included:
1. Sufficient computing and communication capacity
to respond to the demands made upon it by users
2. The quality of information should be at the
level and in the form required by the user
3. The information must be provided in a timely
fashion
4. The system must be flexible to respond to
changed user requirements
5. The system must have a degree of reliability in
operating within established performance levels
a satisfactory fraction of the time
6. The system should be economical within a cost-
effectiveness framework.
Each of the elements received attention in this

undertaking to the maximum extent possible.

Traffic engineers have observed that the motorist
does not always respond to traffic signs as desired.
It is possible to attribute this to one br more of three
elements, not seeing the sign, seeing but not understanding
it, or understanding it but believing that the information
is of no value to him personally. Thus, for a real

time freeway information system to effect appropriate
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driver response, it must be designed to provide the driver
with information which is meaningful, accurate, timely

and useful. This study provided the motoring public with
an opportunity to play a major role in affecting future

real time freeway information system designs.

In a complete Freeway Corridor Dynamic Information
and Control System (FCDICS) all travellers in the Corridor
would receive relevant information. In this study, the
information transmission capabilities existed (changeable
message signs) but resources were not adequate to support
a system providing information for all users. Hence, a
decision was made to provide information for only one
destination, those travelling on the northbound Lodge
Freeway well beyond Wyoming Road. It was recognized that
there would be motorists in the Corridor who desired to
use the Freeway, but not that far, and that the information
provided them would be erroneous. Fortunately this group
is less than 10% of those entering in the six-mile section

(26) .

Providing a system in which displays are visible to
all drivers in the corridor who would be sharing the
downstream freeway destination would be extremely expensive.
On the other hand, it was important to define a complex
network so that the results of the study would be useful

in more than the simplest cases.
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As a part of the display system developed for this
study, consideration was given to various possibilities in.
the hope that differential responses to the different
types of displays could be identified and would be useful
in final designs. Among the displays used were:

1. A simple binary display using an arrow indicating

which of two directions should be used;

2. Map type presentations giving information on
which ramp to use
a. Showing two ramps
b. Showing three ramps;

3. A complex verbal display including the term
"delay" and providing information on more than
one decision point.

The strategy adopted in carrying out the Freeway
Corridor Dynamic Information and Control System experiment
was to implement logical parts of the system and observe
the results. Phase one of the experiment involved providing
a single Principal Alternate Route for the entire six
miles of the Freeway. The results of phase one are
described in a separate report (26). Phase two involved
providing a more extensive network which in general could
be described as consisting oﬁ a second alternate route
with six or more cross linkages. The resulting
system is called the Alternate Network. A third phase

will consist of implementing real time traffic control on

15



many of the traffic signals in the Alternate Network. The

results of this 1970 study will be reported in another

report.
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THE PRINCIPAL ALTERNATE ROUTE

Eight ramp condition information signs similar to the
one shown in Figure 1 and identifying a principal alter-
nate route to the Freeway were placed in operation in the
northbound John C. Lodge Freeway Corridor shown in Figure
2 in mid 1969. Each sign provided information for a metered
on-ramp. The design, operation and evaluation of that

display system are described in detail in Evaluation of a

Dynamic Freeway Ramp Entry Guidaace System (26) . Three

of the sign locations were on the Lodge Service Drive which
is adjacent to the Freeway from West Grand Boulevard to
Chicago Boulevard. The five other signs were located on

the Principal Alternate Route which follows several arterial
streets parallel to the Freeway. To reach the Freeway from
these five sign sites on the alternate route, a turn must
first be made at the appropriate cross street and from one

to several blocks traveled on the cross street.

At five of the eight entrance ramps it was possible
to approach and enter the Freeway without passing the
appropriate information sign, since the signs provided

information particularly for those on the principal alternate
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route. Since much of the traffic entering the Freeway at
these ramps was already on the cross streets, this placed

a limit on the effectiveness of these signs. The percent

of undiverted traffic entering at each ramp passing the

sign was obtained through a license plate study and is

shown in Table 1 (26). The small fraction of ramp users
passing these signs at the five ramps from Chicago Boulevard
to Livernois Avenue is apparent. Hence, if a sign display
indicated that its ramp should not be entered, the reduction
in entering volumes could not exceed the value shown in
Table 1. In practice, the reductions were found to be
considerably smaller because many motorists passing signs

did not follow the recommended route to the}Freeway.

The study of the ramp information signs indicated that
there was an overall saving in total travel time of
approximately 200 vehicle hours for every afternoon peak
period of operation. It seems clear that if more motorists
passed the signs, thus having an opportunity to see and
obey them, the savings would be even greater. The Freeway
cross streets would be the greatest source of additional
traffic which might be diverted from the Freeway to a

surface street alternate route.
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FIGURE 1
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19



0 o)
-
o 0 AN
9 =) o o ¥ z
H - Y o & ©
0] =] 10} T D [e
> 3 -
. ,...l
= = H b0

Fenkell ‘ ' \Q"

oa\““ao
Legend:
B -- Control Center
gB-- Alternate Route
x == Ramp Condition
Information Signs

Metered Entrance Ramps

West Grand Boulevard
Seward Avenue
Chicago Boulevard
Webb Avenue

Davison Expressway
Linwood Avenue
Livernois Avenue, I
Livernois Avenue, II

. . .

00~JOY U & N
B

Unmetered Entrance Ramp

9. Wyoming Road

FIGURE 2

Scale

0 .5 1
mile
,McNichols
Puritan
o o)
90 )
29°
o8 0o
e
QeeK:eqa
\§5C933y

NORTHBOUND JOHN C. LODGE FREEWAY CORRIDOR
SHOWING ALTERNATE ROUTE AND LOCATION
OF RAMP CONDITION INFORMATION SIGNS

20

ﬁayne State
University



TABLE 1

TRAFFIC PASSING RAMP INFORMATION SIGNS

RAMP PERCENT PASSING SIGN
West Grand Boulevard 100.0%
Seward Avenue 100.0
Chicago Boulevard 29.0
Webb Avenue 7.5
Davison Expressway 7.6
Linwood Avenue 11.1
Livernois Avenue 6.3
Wyoming Road 100.0
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There are two important considerations associated with
the selection of the point of diversion of traffic approach-

ing the Freeway.

1. If the diversion takes place before the cross
street traffic reaches the Freeway, additional traffic
generated at traffic generators between the Principal
Route and the Freeway will not have an opportunity to divert

as shown in Figure 3.

2. If the diversion takes place where the cross
street traffic reaches the Freeway ramp entrance, the
diverted traffic may have to travel a longer distance to
enter the Freeway as shown by the linked x lines in

Figure 3.

Since these diversion choice point criteria oppose
each other, a compromise might be necessary to maximize the
number of motorists passing a sign. There are, however,
few large traffic generators between the Principal Alternate
Route and the Freeway for any of the five cross streets
(Chicago, Webb, Davison, Linwood and Livernois) .at which
this problem exists. On each of these streets except
Davison Expressway, northbound traffic approaches the Free-
way from either direction. Thus, if early diversion is to
be employed, a second alternate route on the western side
of the Freeway is necessary. In all cases except Chicago
Boulevard, a suitable second alternate route existed and

at Chicago the extra distance was minimal.
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The Principal Alternate Route, like the Freeway, tends
to become congested during the afternoon peak period.
Furthermore, any additional diversion from the Freeway may
increase the congestion, thus increasing travel time on

the alternate route.

There are two major points of congestion on the
Principal Alternate Route. The first point is at the
southern end of the Corridor at the West Grand Boulevard
ramp where traffic from that street and traffic leaving
nearby parking areas serving the New Center complex tends
to build up at the intersection of the Lodge Service Drive
and West Grand Boulevard. In addition, the bulk service
metering strategy (more than one vehicle per green cycle)
used at this ramp requires only a short waiting time for
vehicles well back in the queue, and so the ramp tends to
attract much traffic (6). Congestion occurs only occasion-
ally at the second point of congestion, Twelfth Street above
Oakman, when the railroad grade crossing barriers crossing
Twelfth Street close during the peak period. However, the
result is often a long period of closure. Elsewhere, the
Principal Alternate Route usually provides a good level of
service unless there are numerous illegally-parked cars.
This can be a critical factor, especially on Fenkell Avenue,

as it has only two westbound through lanes.
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In this investigation an additional supporting network
of alternate routes to the northbound Freeway was developed.
The particular streets were chosen to provide suitable
routes for diverted cross street traffic and to provide
more than one alternative so that the use of the route with
the current minimum travel time could be encouraged. The
aims of this project task were, therefore, to design suitable
signs to divert traffic to this pattern of alternate routes,
determine suitable logic and equipment to operate these
signs, and to conduct tests to measure the effectiveness of
the signs in diverting traffic and to evaluate the effec-

tiveness of the system.
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THE ALTERNATE ROUTE NETWORK

Figure 4 presents a node~link diagram of the alter-
nate route network selected for implementation. The
Principal Alternate Route is identified by the following
links: 2-5, 5-8, 8-11, 11-15, 15-18, 18-19, 19-20, 20-21,
21-23, 23-25, 25-31, and 31-32, From this route the
Freeway is reached by links 2-3, 5-6, 8-10, 9-10, 11-13,
12-13, 15-14 and 14-16, 21-22, 28-22, 23-24, 29-30 and

25-26.

It is assumed that all traffic originates at nodes and
that no traffic originates at the Freeway nodes (3, 6, 10,
13, 16, 22, 24, 30 and 26). The system was designed so
that the cross street traffic to be diverted that does not
pass a Principal Alternate Route ramp information sign can

be diverted by means of additional signs.

The additional alternate routes were selected to divert
traffic before it approached the Principal Alternate Route

when it became congested and are:

1. Second Avenue from West Grand Boulevard to Webb
Avenue and westerly along Webb Avenue to
Hamilton Avenue (links 1-4, 4-7, and 7-11). The
connecting links for this route are 1-2, 4-5,
7-8, 11-13 and 11-14. 1In this section, Second

Avenue is a one-way, five-lane street in the
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City of Detroit and usually provides a good
level of service. This route is used when the
Lodge Service Drive or the southern part of
Hamilton Avenue is congested. North of Webb
Avenue, Second Avenue is in the City of Highland
Park, where it is narrower and not deemed

suitable for an alternate route.

Hamilton Avenue and Puritan Avenue from Oakman
Boulevard to Couzens Drive (18-27, 27-28, 28-29,
and 29-31). In the event that Fenkell Avenue is
congested, and especially when the Linwood and
Livernois ramps are congested, this route can

be quicker than the Principal Alternate Route.
Since there is also a railroad grade crossing on
Hamilton between Oakman and Puritan, this route
can only be used when the grade crossing is not in
use. Puritan Avenue is approximately the same
width as Fenkell with two clear lanes in peak
periods. Because left turns are not permitted
from Puritan at Linwood, Livernois or Wyoming
during peak periods, traffic proceeding north on
Hamilton can only be routed to Couzens Drive and

beyond Wyoming Road to the Freeway.
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3. Hamilton Avenue and McNichols Road from Puritan
Avenue to Couzens Drive (27-32). This is a
variation of the Puritan Avenue route described
above and is indicated when it provides a quicker

trip.

4. Oakman Boulevard and Linwood Avenue from Twelfth
Street to Fenkell Avenue (19-20 and 20-21). This
route is only used to bypass the Twelfth Street
railroad grade crossing when the barriers are
closed. These crossings are often used for
switching movements very close to Twelfth Street,

thus making Linwood Avenue a viable alternate route.

The prime purpose for identifying additional alternate
routes was to provide Freeway condition information to as
many motorists as possible. For the network shown in Figure
4, there are 19 nodes where a motorist has a choice of
routes (choice points). These choice points are located
at nodes 1, 2, 4, 5, 7, 8, 9, 11, 12, 14, 15, 18, 19, 21,
23, 25, 27, 28 and 29. There are an additional 13 choice
points, but these are either Freeway access points (3, 6,
10, 13, 16, 22, 24, 26 and 30) or the junction of two
alternate routes (17, 30, 31 and 32). Of the 19 nodes at
which the motorist is given a choice of routes, there are

eight where northbound Lodge Freeway traffic may approach
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from two directions (1, 4, 7, 11, 12, 19, 21 and 23). At
the remaining 11 nodes there is only one direction from
which northbound Freeway traffic can approach. Second
Avenue at Chicago (node 7) was placed in this latter cate-
gory because it was expected that very little traffic would
approach this intersection from the east with the intention
of using the northbound Freeway. Table 2 shows the location

of the main decision nodes for cross street traffic.

If every reasonable approach to a choice point to the
Freeway is to have a sign indicating a suitable route to
the Freeway, a total of 27 signs are required, two at each
of the eight two-approach nodes and one at each of the 11
one-approach nodes. The existing eight frontage road infor-
mation signs already indicated which route to take for
eight of the nodes. Therefore, an additional 19 signs were
required. The locations of these 27 signs are shown in

Figure 5.

-From each choice point there are never more than two
logical paths for a driver to take to the northbound Lodge
Freeway. The paths may proceed straight ahead or turn left
or proceed straight ahead or turn right, as appropriate.

There are no other logical combinations. Therefore, a modi-
fied guide sign with two arrows, only one of which is
illuminated at any one time, appeared to be a suitable design.

This sign is referred to as a Trailblazer in this report.
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TABLE 2

CROSS STREET TRAFFIC DIVERSION

DIRECTION DECISION
OF TRAFFIC CROSS STREET NODE DIVERSION TO
Westbound Chicago 8 Hamilton
Eastbound Chicago 9 Chicago or
Hamilton (8)
Westbound Webb 11 Hamilton
Eastbound Webb 12 Woodrow Wilson
Westbound Davison 15 Hamilton

Service Drive

Westbound | Davison 14 Davison or
Expressway Twelfth (17)
Northbound | Linwood 21 Fenkell
Southbound | Linwood 28 Puritan
Northbound | Livernois 23 Fenkell
Southbound | Livernois 29 Puritan
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The legend "NORTHBOUND LODGE FREEWAY" was selected to
accompany the arrows. Other legends such as "TO FREEWAY
NORTH," "TO NORTHBOUND JOHN C. LODGE FREEWAY" or "LODGE
FREEWAY NORTH," all of which are used on existing standard

guide signs, would have been equally appropriate.

For 16 of the 19 approaches, signs based on this
principle were designed and manufactured. For the remaining
three approaches, however, it was believed appropriate to

design a different type of sign.

From the westbound West Grand Boulevard apprbach to
Second Avenue there are two network paths to the Seward
ramp, three to the Chicago ramp, four to the Webb ramp and
four to cohtinue on Hamilton north of Webb. If turning
movements are minimized, a desirable objective, there are
still two paths each to the Seward, Chicago and Webb ramps
and to Hamilton north of Webb. Since the existing infor-
mation signs on the Service Drive all can indicate several
paths, it seemed logical to design this sign so that it also
indicated several paths. This would have the desirable
effect of informing motorists of the extent of ramp and
Freeway congestion by advising them how far they would
have to travel on the alternate route before entrance to
the Freeway was recommended. They would then be prepared

for the correct maneuvers at the Service Drive as indicated
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by the ramp information signs there, and some users could
decide at this early point to use the Service Drive or

Second Avenue and not enter the Freeway at all.

The position selected for this variable message sign
is very close to the point of generation of many of the
trips in the Lodge Freeway Corridor. There can be considerable
congestion at the West Grand Boulevard intersection with the
Lodge Service Drive. Therefore, a sign east of the inter-
section, giving full corridor information, has the potential
to divert many vehicles. Thus, a full message detailing

the suggested route was provided motorists at this point.

To further indicate the correct maneuver from this
position, a special design was required for the sign arrows.
When Second Avenue is an appropriate path, an immediate
right turn should be indicated. When the Service Drive is
designated as the least congested route, drivers should
be asked to take the third road to the right passing Second
and Third Avenues. Thus the arrow was designed and con-

structed to convey two symbolic messages.

The second special sign was required on the westbound
Davison Expressway approach to the Lodge Freeway on-ramp.
A sign at this location would serve the function of diverting

traffic away from a direct entrance to the Lodge Freeway.
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It did not seem appropriate to indicate that the Freeway
could be reached by not entering via the designated on-

ramp. Therefore, the message "DELAY: AVOID RAMP: USE 12TH
ST" was selected to divert traffic. This message was
illuminated beneath the static message "LODGE FREEWAY NORTH."
The painted message "NORTHBOUND LODGE FREEWAY" was not used
on this sign. As "LODGE FREEWAY NORTH“ is consistent with
expressway guide sign terminology, the shorter legend was
chosen in an effort to construct the most economical

legible sign. Two standard guide signs were erected beyond

this sign to indicate the route to Twelfth Street.

The eastbound Chicago Boulevard approach to the Lodge
Freeway on-ramp presented the third site which necessitated
a unique sign design. As in the case of the westbound
Davison Expressway, motorists can be diverted away from a
direct entrance to the Freeway. The design and operation
of this sign was similar to that of the Davison sign as it
was only illuminated when appropriate. This message was
placed below a standard guide sign to the Freeway (see
lower portion of Figure 10 on page 47 ). Since Hamilton
Avenue is only a few hundred feet‘farther west, it was
believed that the street name sign for Hamilton would be

sufficient guidance at the intersection with Chicago.
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Since not all traffic originated at the nodes, more
than 100 static painted guide signs were designed, supplied
and erected by the City of Detroit for use in the Detroit
City limits and others were purchased by the project for
erection in the City of Highland Park (see Figure 10 on
page 47 ). These guide signs, together with the dynamic
sign displays at "choice points" describe a set of paths
for northbound Freeway traffic moving through the corridor.
This set of paths is called a tree with flows moving toward
the "trunk" formed by the Freeway and Couzens Drive at
McNichols Road. Figure 6 shows one of the more than 100
trees which identify paths, this one for the uncongested
state displayed during off-peak hours. The general mode
of operation was to display indications for the tree currently
providing minimum travel time to the northbound Lodge

beyond McNichols.

Static signs were placed so that most motorists were
first shown the path to the nearest dynamic sign and then
the appropriate path from this choice point. Other guide
signs were placed for reassurance purposes where the distance
between nodes was considerable or where the path changed
direction. 1In one exception to this general rule, it was
decided to route northbound Second Avenue traffic at
Milwaukee (one block south of West Grand Boulevard) along

Milwaukee to the Freeway. This avoided the expense and

36



4.
o) 0 0
¢ K3 = 4 W Q
e@ 2 g % . % o{
- 0 ,/ o .
* 5 ¥ 3 9 1%
s > 2 9 09
DU MENICHOLS
PURITA

FIGURE 6

UNCONGESTED TREE FORMED BY STATIC AND DYNAMIC SIGNS

37



difficulty of designing an effective sign for Second Avenue

at its complex intersection with West Grand Boulevard.

Two legends were used for the guide signs and both
differed from "NORTHBOUND LODGE FREEWAY" as used on the
dynamic signs. The legends were "TO NORTHBOUND JOHN C.
LODGE FREEWAY" and "TO NORTH LODGE FWY." The colors,
legend type and sign size, however, were approximately the
same as that of the dynamic signs. This inconsistency was
not expected to cause any confusion. As a part of this
task, arrangements were made to have the headings on the
ramp information signs changed from their original legend
of "FREEWAY RAMP CONDITIONS" to "NORTHBOUND LODGE FREEWAY"

as shown in Figure 1 on page 19.
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SIGN DESIGN DETAILS

Specifications for 18 variable signs were sent to
appropriate manufacturers (Appendices A, B and C). The
specifications included conceptual drawings of the signs
and the details were left to the manufacturer. As indicated
in the previous section, other than for the Chicago Blank-

out sign, three types of signs were required.

VARIABLE MESSAGE SIGN

The variable message sign (Figure 7) was required for
westbound West Grand Boulevard traffic approaching Second
Avenue. Seven message states were possible (see Appendices

B and C for details).

State

1. NO MESSAGE (arrows only)

2. USE SERVICE DRIVE AND SEWARD RAMP
3. USE SERVICE DRIVE AND CHICAGO RAMP
4, USE SERVICE DRIVE AND HAMILTON

5. DELAY AHEAD USE SECOND AND SEWARD
6. DELAY AHEAD USE SECOND AND CHICAGO

7. DELAY AHEAD USE SECOND AND WEBB

The message appeared in a panel below the fixed message

"NORTHBOUND LODGE FREEWAY."
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In the uncongested message state (State 1), a straight
ahead directional arrow is illuminated on both sides of the
message panel. For all other messages, however, the arrow
display appears only on the right side of the sign. This
design was adapted from that employed in a recent General

Motors study (27).

The messages were designed to support and augment the
messages currently displayed on the West Grand Boulevard
ramp condition information sign. Of the seven possible
message states, four corresponded exactly to the information
sign by directing motorists up West Grand Boulevard to the
Lodge Service Drive and then along the Service Drive to the
recommended ramp of entry, either West Grand Boulevard,
Seward or Chicago, or farther along the alternate route if
the degree of congestion was severe (States 1, 2, 3, and
4). Two of the remaining three messages recommended usage
of the Seward or Chicago ramps, but advised use of Second
Avenue rather than the Service Drive (States 5 and 6). State
7, DELAY AHEAD USE SECOND AND WEBB, led the driver to the
Webb ramp via another dynamic sign at Hamilton that might
indicate the equivalent of State 4. Arrows on the right of
the sign indicated the directional equivalents of the street
name directions except when entrance at West Grand Boulevard
was advised. 1In this instance an arrow which points straight

ahead appeared on both the left and right sides of the sign.
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FIGURE 7

TWO STATES OF VARIABLE SIGN MESSAGE
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BLANK-OUT SIGNS

Figure 8 shows the Blank-out sign designh used at the
Chicago Boulevard ramp terminal. The Blank-out sign shown
in the bottom of Figure 9 was centered over the center
westbound Davison Expressway traffic lane on the east side
of the Hamilton Avenue overpass structure. The message

displayed when appropriate was:

DELAY AVOID RAMP

USE 12TH ST

As shown in Figure 9, this message was placed under the
fixed legend "LODGE FREEWAY NORTH". Two painted arrows at
the side of the sign gave it the form of a static guide
sign when the message was not activated. Supplemental to
this sign, two guide signs were installed downstream of the
Hamilton Avenue overpass (see top of Figure 9). They pro-

vided directions for either of the two possible routes.

TRAILBLAZER SIGNS

At the remaining 16 locations variable, Trailblazer
signs were designed, supplied and erected (Figure 10, top).
These consisted of the fixed ]egend "NORTHBOUND LODGE
FREEWAY" framed by two arrows, only one of which was

illuminated at any time. Four different designs were developed
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to suit eight right turns (Design A), three left turns from
a one-way street (Design B), four left turns from a two-
way street (Design C) and one left turn from a one-way
street with two-way traffic ahead (Design D). Only the
Design C sign was mounted over the roadway. The other signs
were erected at the side of the road corresponding with the
turning direction and at the lowest height permitted by City
of Detroit requirements. In addition to the variable guide
signs, more than 100 typical static guide signs were
installed along the alternate routes (lower half of Figure
10). These static signs were not, of course, installed at
or near choice points where the dynamic guide signs were

used.

The possible manufacturers of the dynamic trailblazer
signs were permitted to suggest in their bids any form of
illumination. One company under consideration uniquely
suggested electro-magnetic rotating disks with a black and

white face (see Appendix A).

The signs were to have a standard highway green or
black background. The messages could be in red, green or
white. If any messages or arrows were green, sufficient
contrast had to be provided by means of a black background.
This last provision, however, was modified by the lowest

bidder whose design included a white background. Thus, the
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signs were done in highway green and white, appropriate
colors for freeway guide signs. Also, all dynamic direc-
tional arrows were in green. It was believed that the green
display by way of its positive nature implies an affirmative

action and was best for a guide sign of this type.

Although letter sizes were specified, legibility
requirements shown in Table 3 were also given regardless of
manufacturing techniques. In addition, for a blanked-out
message, it was required that it not be legible from cerfain
distances. (A 20/20 visual acuity was assumed when legi-

bility distances were computed.)

The signs were supplied in September 1969 and erected
during that month and the next. Power and telephone lines
were supplied and the signs were brought into operation
during the week commencing Monday, November 10. The system

was fully operational by the following week.

The Public Lighting Commission (PLC) of the City of
Detroit took much longer to erect the signs than had been
anticipated. One principal cause was that they apparently
did not expect that the signs would have exposed neon tubing
(nor did the University) and for public safety reasons
insisted that each sign have a screen fitted with a lower
shelf. This would protect the tubing and also catch most

of the debris if a tube shattered. The University immediately

46



NORTHBOUWD|§ = SR [NORTHBOUND
ooee AR bl LODGE
FREEWAY ; g FREEWAY
g .“’“rwn

TRAILBLAZER

T0
NORTHBOUND |

JOHN C.LODGE
FREEWAY

- e &

STATIC GUIDE SIGN
FIGURE 10

TRAILBLAZER AND STATIC GUIDE SIGN
47



SIGN LEGIBILITY DISTANCES

TABLE 3

LEGIBILITY DISTANCE

BLANKED-OUT MESSAGE
ILLEGIBLE BEYOND

SIGN TYPE (FEET) DISTANCE (FEET)
Variable Message

Sign (Type 1) 300 75
Davison Blank-

Out Sign

(Type 2) 400 100
Trailblazer

Signs (Types

3A, 3B, 3C) 200 50
Trailblazer

Sign (Type 3D) 300 75
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arranged for these modifications which were accomplished
in less than one week. As a result of this short delay,
PLC delayed their work on the erection of the signs.
Therefore, the research program had to be completed in
winter and even then some activities were accomplished in

early 1970.

To publicize the new signs, a press release was for-
warded to the Detroit metropolitan newspapers. Examples
of coverage received are included in Appendix F. The amount
of publicity received was less than for the previous ramp
information signs (26). In particular, leaflets were not
distributed at ramp entrances. The principal reason for this
was that it was considered that the new signs were virtually
self-explanatory and it had already been shown that the
more complex Ramp Information Signs were well understood
(26) . In addition, a follow-up questionnaire for the new
signs had not been planned and there was no definite first
day of operations to coincide with a day for the distri-
bution of leaflets. Nevertheless, it was believed that
many motorists would see, understand, and follow the new

signs.
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SURVEILLANCE AND CONTROL EQUIPMENT

The corridor under investigation extends along the
Lodge Freeway, Detroit, Michigan, from West Grand Boulevard
to Meyers Road, a distance of 6.1 miles. The existing
equipment available from earlier studies include an IBM
1800 digital computer with an input and output interface
for field communication, located at the Control Center at
Herman Kiefer Hospital, leased telephone cable and lines
for communication with the field equipment, 55 vehicle
presence detectors installed at nine stations along the
northbound Lodge Freeway, on all nine entrance ramps for
use in ramp metering, an additional detector on seven of
the on-ramps to detect queueing, and on all ten off-ramps,
eight entrance ramp metering signals and eight ramp infor-
mation signs (details of the computer control system are

given in Appendix D).

All of the 55 existing vehicle presence detector
installations in the Corridor were located either on the
Freeway itself or on the ramps to the Freeway. In order
to use the dynamic signs to show the best route to the
Freeway, a number of detectors were also required on the
relevant surface streets so that Freeway and alternate

route volumes could be compared. The quickest route derived
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from these volumes would be displayed on the signs. There-
fore, nine additional loop detectors were installed on
surface streets in the Corridor at locations shown in

Figure 11.

The detectors can be categorized as being in three
types of positions, left turn lanes, through lanes and rail-
way crossings. Two detectors obtained a count of the number
making a left turn towards the Freeway from a particular
intersection where an access ramp was available. These sites
were located south of both Chicago and Webb. Five other
positions obtained a sample "free flowing" count away from
a node connecting three or more links in only one lane. The
counts obtained from these five detectors could, however,
be calibrated by observation with the vehicle counts made
for total volume and for the number passing over the loop.
With a known ratio between the two, total volume could be
estimated based on the count in only one lane. The detectors
for the left-turning movements were also used to measure
occupancy to give an estimate of the delay in making the
left turn. The count obtained in these locations was again
a sample as vehicles entered the Freeway from the cross
street. Again, prior observation provided the calibration
factors for these counts. Finally, two detectors were placed

at two grade railway crossings in the Corridor. Their
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function was to determine if the railway gates were closed.
Since the two loop detectors at the railway crossing were
downstream from the crossings, the detector inputs were
inspected for a significant absence of traffic. From this
input it could be inferred whether or not there was a delay

to surface traffic.
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LOGIC OF SIGN OPERATION

During the northbound off-peak 20 hours, from 6:30 p.m.
until 2:30 p.m. of the next weekday, all dynamic sign dis-
plays remained fixed in the uncongested mode. For the
original eight information signs only the first ramp was
illuminated in green. The Trailblazer and Variable Message
signs pointed directly to the Freeway and the blankout signs

were not activated (Figure 6).

During the 2:30 p.m. to 6:30 p.m. peak period all signs
indicated the quickest route to the Freeway or Couzens
Drive at McNichols Road. This involved a change in the
original mode of operation for the ramp condition information
signs. Formerly these signs indicated whether or not a
Freeway ramp was congested. Their logic of operation was
changed so that the recommended path would be the quickest
route for Freeway entrance. Therefore, in some instances
ramps not on the shortest path for Freeway entry were shown

in red even though they were not congested.

The 19 new signs were required to indicate paths con-
sistent with each other and with the eight original Ramp
Information Signs. Thus the total of 27 signs shown in

Figure 4 required only 12 independent control signals since
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many signs were operated via controls from other signs.

The following listing shows the groupings.

GROUPS
1. Sign 1
2. Sign 2

3. Signs 3, 4 and 5

4, Signs 6, 7, 8 and 9

5. Signs 10, 11, 12 and 13
6. Signs 14, 15 and 16

7. Sign 17

8. Signs 18 and 19

9. Signs 20, 21 and 26
10. Signs 22, 23 and 27
11, Sign 24

12, Sign 25

Sign 1 displayed the quicker of the two routes to
ramps beyond West Grand Boulevard via the Service Drive
or Second when that ramp was congested. Sign 17 showed the
shortest of the two routes via Fenkell to the Freeway or
Hamilton to Puritan. Signs 18 and 19 always indicated
Twelfth Street unless railway croésing activities were
taking place at the Twelfth Street crossing but not at the
Linwood crossing. Sign 25 showed the faster route, Puritan
or McNichols. The remaining signs in the list are the ori-
ginal information signs and the new signs operating on

different approaches to an intersection.
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Volume information was received from all Freeway on-
and off-ramp detectors and the surface street detectors
every tenth of a second. (Details of control programming
are given in Appendix D which also gives details on the
programming for metering control.) At the end of each
minute the volumes were totaled for each detector. The
value of occupancy was also obtained for each Freeway
detector station and for the queue detectors. The computer
determined the metering rate based on the Freeway information.
Travel time calculations were then made to determine which
ramps were to be shown in red. These calculations deter-
mined the state of most of the 27 signs. The remaining
sign states were determined by comparing travel times on
competing surface street routes including a check for rail-

way crossing activity at the Twelfth and Hamilton crossings.

The output to the ramp signals and ramp information
signs took place as described in ﬁrevious reports on this
project (6, 26). The relay system used for switching the
new variable message sign (Type 1) is described in Appendix
C. Operationally, the other signs were all simple in their
electrical control since the total possible range of dis-
plays was only two. Thus, signs were switched by means of
electrical relays upon commands from communication lines.
These commands originated either at the Control Center or
at other signs (masters) in the systems to change these

signs (slaves).
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EVALUATION OF SYSTEM EFFECTIVENESS

Four separate tests were carried out to evaluate the
effectiveness of the information system. First, the visi-
bility of the signs was checked for various air temperatures
and weather conditions. Second, a human factors study was
carried out to measure observance and ability to follow

the sign.

The third and fourth evaluation studies were concerned
with the response of corridor traffic to the combined
information and control system. The two types of studies
focused on microscopic behavior of variable display decision

points and a macroscopic study of overall performance.

STUDY OF SIGN VISIBILITY

The lowest bidder for the variable signs proposéd

green neon arrows on a white background for all arrow dis-
plays on the 17 signs utilizing arrows. It was known to

the project staff that green neon, unlike red neon, fades
badly in cold weather. The proposal of the lowest bidder

was accepted, however, because of the limited funds available.
Considering the research as a pilot experimental project,

it was believed of great value to evaluate the sign design

and concept of variable Trailblazers and only subsequently
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invest greater amounts of money in signs planned for per-
manent installation. Additionally, it was planned to
evaluate the signs during the month of October with all
testing to be completed no later than the end of November,
thus avoiding the advent of temperatures cold enough to
impair the efficiency of the green neon. Delays in

installation, however, altered the original work plan.

The average temperature for October in the Detroit
area is 53°F and for November 40°F. With these temperatures,
the visibility of the signs should have been satisfactory.
The evaluation of the signs, however, was not carried out
until December 1969 and January 1970, due to delays in
the erection of the signs and in the connection of the
telephone lines. The average temperature for December is
only 28°F while for January it is 25°F. It was, therefore,
decided to check the variation of arrow visibility with air

temperature.

Temperature, however, is not the only factor affecting
visibility. Ambient light is also an important factor in
viewing illuminated signs. The sign orientation, the pre-
sence of sunshine and the time of sunset are the major
determinants of ambient light. In the Detroit area the
mid-month sunset times are 4:35 p.m. in December and 5:00 p.m.
in January. Thus, nearly half of the December and January

peak periods are not during daylight hours.
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The light level was obtained from a Sekonic photograph
light meter with the readings recorded in units of exposure
value for a film speed of 25 ASA. The temperature was
obtained from the local weather station for the nearest
possible time to each observation. The time of day was also

recorded so that sun position could be determined.

DRIVER OBSERVANCE STUDY

A study was conducted by the Human Factors Group at
the Highway Safety Research Institute to evaluate subject
response to the dynamic route guidance sign system. The
variable message sign at West Grand Boulevard, a sample of
Trailblazer signs throughout the Freeway Corridor and
Blank-out signs were evaluated in terms of their frequency

of being seen, understood and obeyed by paid subjects.

Twenty-eight subjects, twenty-three males and five
females, were used in this study. They were recruited
through the placement services of Wayne State University,
Highland Park Junior College and The University of Michigan.
Each subject was paid for an average of 3 1/2 hours work,v

including driving time to the Control Center.

A 1968 Plymouth sedan and a‘1a70 Ford Falcon sedan
both equipped with automatic transmission were used as test

vehicles. A Citizen's Band radio installed in the Plymouth
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provided communication with the Control Center. Before

the beginning of each subject's test, the Control Center
personnel set the signs to indicate one of a set of pre-
selected displays. The experiment was conducted during
off-peak hours so that traffic would be disturbed as little
as possible. If traffic was moderate to heavy during a
study, the Control Center was notified by radio as soon as
a sign was passed so that normal sign operations could be
resumed. The route followed in the driving task with the

Falcon did not require communication with Control Center.

When each subject arrived at the Control Center he was
taken to the test vehicle and told to make the appropriate
personal adjustments in seat and mirror positions and to
use the seat belt. The experimenter sat in the rear seat.
He had prepared data sheets on which to record the subjects'
verbal reports of sighting the signs and their behavior in

regard to the sign messages.

The tests were carried out in two series. In the
first series, each subject was shown a picture of a Trail-
blazer sign and read the instructions for the experiment
(Appendix E). He was instructed to read and obey all signs
directing him to the John C. Lodge Freeway. Verbal instruc-
tions were also given when necessary to remain on the study
route. The pre—determined sign messages guided him along a

selected path although if the first sign was missed or
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ignored, he was verbally directed back to the selected
route. Each subject first drove past five Trailblazer signs
chosen to provide examples of the various situations in
which a motoriét could encounter one of these signs. He

was then directed to the variable message sign at West Grand
Boulevard., If directed to the Service Drive, he then
followed a route passing one to four ramp information signs.
If, however, the subject was directed to Second Avenue, he
passed from one to three Trailblazers, all of which had been
included in the earlier sample of Trailblazers. Finally,
all subjects were routed past the Chicago Blank-out sign

which in every instance was illuminated.

In the second series of tests the subjects were again
read the instructions for the experiment (Appendix E). Each

subject drove past five dynamic signs. These were the

l. Chicago blank-out sign (number 9),

2. the Webb ramp information sign (number 10),

3. the Davison blank-out sign (number 15),

4., the Twelfth Street Trailblazer sign (number 19), and

5. the Linwood ramp information sign (number 20).

The main aim of this study was to test the effectiveness of
the Davison Blank-out sign which was not passed during the
first series of tests. The sign states remained the same
throughout the series of tests. 1In particular, both blank-
out signs were always illuminated. This series of tests

was carried out in warmer weather than was the first series.
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TRAFFIC ROUTING AT DECISION POINTS

Of the traffic volume approaching a decision point on
any link in the network, it was likely that only a small
proportion of motorists would have been considering entry
to the northbound Lodge Freeway. Regardless of the weather
and traffic conditions, only some of these drivers would

have been influenced by the variable signs.

To test whether or not traffic routing changed as the
sign states changed, a sample of sign locations where the
sign was likely to indicate each path for a reasonable time
during the period of study were selected. The study at
each location was divided, for the most part, into eight
guarter-hour periods from 3:00 p.m, to 5:00 p.m. or 3:30 p.m.
to 5:30 p.m. This made it possible to determine if the

effects of the signs differed by time of day.

On the first day of a two-day study of each sign, the
signs indicated the direct route to the Freeway for the
first quarter-hour. Thereafter, the sign alternated between
the bypass and the direct routes with changes every quarter
of an hour. An observer counted the number of vehicles
taking each route for each state of the sign. On the second
day, the procedure was identical except that for the first

quarter-hour the bypass route was indicated. So that
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motorists would not lose faith in the reliability of the
signs, if the direct route was favored, the maximum metering
rates were used to reduce congestion on the ramp; if the
bypass route was indicated, the minimum metering rate was

used to increase the direct ramp congestion.
The signs studied are given in Table 4,

Ramp information signs 7 and 14 were located at the
same intersections as Trailblazer Signs 8 and 15, respectively.
Therefore, simultaneous traffic routing data collected for
these signs provided a useful comparison between the two

types of sign.

OVERALL TRAFFIC RESPONSE

If the signs are obeyed to any extent, there should
be a reduction in total travel time on the northbound Lodge
Freeway. At the same time, there should be only a fairly
small increase in total travel time on the surface street

network.

The reduction in Freeway total travel time should be

due to a reduction in Freeway travel caused by:

1. some motorists entering at a ramp downstream
from their usual entrance due to diversion by
the signs (exit ramps can be expected to be

unchanged) ;
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TABLE 4

SIGNS USED IN SUBJECT DRIVER STUDY

SIGN
NUMBER SIGN LOCATION SIGN TYPE
1 West Grand Boulevard at Variable Message
Second
3 Second at Seward Trailblazer,
Design B
4 Seward at Second Trailblazer,
Design A
6 Second at Chicago Trailblazer,
Design B
7 Hamilton at Chicago Ramp Information
8 Chicago at Hamilton Trailblazer,
Design A
12 Woodrow Wilson at Webb Trailblazer,
Design A
13 Webb at Woodrow Wilson Trailblazer,
Design C
14 Hamilton and Davison Ramp Information
Service Drive
15 Davison Service Drive Trailblazer,
at Hamilton Design A
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2. the diverting motorists entering at less

congested ramps; and

3. some motorists deciding not to enter the

Freeway at all,

There should be a consequent increase in surface
street travel time because of the diverted traffic. For
most of the Corridor, however, this traffic can be distri-
buted over more than one surface street. Thus, the diverted
traffic, although slightly increasing surface street travel
time, is not likely to increase congestion and accompanying
long delays. It was expected that there would be an over-

all reduction in total travel time through the Corridor.

The study was carried out on a before-and-after basis.
Freeway travel time was calculated as in Reference (7). 1In

1 n+l

this method, the one-minute volumes g~ and g and occu-

pancies 8% and em ] are known for each of the 240 consec-

+
utive minutes in the four-hour peak period for each pair

of Freeway detector stations forming the Freeway subsystem.
The entering and exiting flows at intermediate ramps,

dyr 937 e q, are also measured for each minute. Then the

total vehicle miles of travel (TT) for the four-hour peak

period is obtained. The average speed (u) for a section
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is obtained by taking the average of the computed space

mean speeds at the end points of the section. Thus;

=]
]

1/2 (ul + un+l)

pP.d
with u, = a7
1 61
and u = Ell(..l_ri]; .
n+l en+l

where 8, and 6
1 n

Occupancy is measured as the proportion of time that a

+] are the values of occupancy at 1 and n+l.

detector is occupied, while Py and P41 are constants for
the stations 1 and n+l used to convert occupancy measure-

ments to density.

Therefore, for the four-hour period, total travel time

(TTT) for a freeway section is

TTT =

Gl'g

Then total travel time for the Freeway is simply the sum
of the total travel times for each subsystem. Total travel
on the Freeway can also be obtained by summation over the
subsystem. Four representative before and after days were

chosen with the total travel and total travel time compared.
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Considering now the possible increase in surface street

travel time, the data suitable for analysis are:

1. 1link travel times from a project test car;

2., detected volumes from the surface street
detectors; and,

3. calibration factors to scale the detected

volumes.

The travel times were obtained for each link of the network
for each hour of the four-hour peak period. On those links

of crucial importance the runs were repeated for the same
hour. The computer's records gave the detected volumes,

and field observations were used to relate the sample detected
to the total volume. Volumes on links without detectors

were assumed to change in proportion to the volumes on links
with detectors. For the four-hour peak period, the total
surface street travel time was obtained by summing over all

links the product of average travel time and total volume.

The new signs were considered to have an effectiveness
equal to the difference in the reduced travel time on the

Freeway and the increased travel time on the surface streets.
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CHAPTER TWO

RESEARCH FINDINGS

The effectiveness of the Lodge Freeway Corridor dynamic
route guidance system installed during this phase of
project research was evaluated by means of the following
four studies.

1. Sign visibility;

2. Driver subject response;

3. Traffic routing at decision points; and

4. Overall traffic response.

The results of each of these studies will be dealt with

separately in this chapter.

SIGN VISIBILITY

Visibility readings were taken for the arrows on the
Trailblazer Signs at the locations shown in Table 5. It
is noted that sun effects are included by using signs
pointed in the four cardinal directions. Background visual
"noise" differences are also represented in the selection

of signs studied.

In Table 6, the visibility distances in feet are given
for the five signs under different lighting and temperature

conditions. The visibility distances shaown identify the
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TABLE 5

TRAILBLAZER SIGNS EVALUATED IN VISIBILITY STUDY

SIGN NUMBER SIGN LOCATION SIGN FACES*
Sign 13%% Webb at Woodrow Wilson West
Sign 15 Davison Service Drive East

at Hamilton
Sign 21 Linwood at Fenkell South
Sign 25 Hamilton at Puritan South
Sign 26 Linwood at Puritan North

** Numbers refer to Figure 5
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TABLE 6

TRAILBLAZER SIGN LEGEND VISIBILITY DISTANCES

TIME  LIGHT TEMPERATURE DISTANCE| TIME LIGHT TEMPERATURE DISTANCE|{ TIME LIGHT TEMPERATURE DISTANCE
(*F)

LOCATION (pem.) (Feet) | (p.m.) (°F) (Feet) | (p.m.) (*r (Feet)
APTERNOON c

Webb at

Woodrow Wilson 2:58  12.0 28 183 3:38 13.0 26 175 3335 12,5 8 0
Davison Service . ’ ’

Drive at Hamilton 3:04 13,0 28 174 3142 148 26 170 3:40 U0 8 0
Bamilton at :

Puritan 3:29  13.5 28 309 3146 12.5 26 100 3:43 13,0 8 20
Linwood at ] )
Puritan 3:13 4.5 28 201 3158 13.5 26 200 3:46 24,0 8 90
Linwood at .

Fenkell 3:120  12.0 28 222 3153 12.5 26 B ] 3:50 12,0 L 0

EARLY EVENING

Webb at .
Woodrow Wilson $:15 5.0 25 1300 5:16 <5 22 520 5:02 <S5 10 . 7%
Davison Service .

Drive at Hamilton §:23 <S 25 528 5120 <5 22 600 5305 <S5 10 150
Hamilton at .

Puritan $:25 <5 25 880 5124 <5 22 800 $:11 <5 10 100
Linwood at ’

Puritan 5130 <5 25 $00 5:28 <5 22 550 5115 <S 10 135
Linwood at

Fenkell 5:33 <5 25 530 $:31 <5 22 525 $118 <$ 10 75

DATE December 15, 1969 December 22, 1969 January 21, 1970




point where it could be accurately determined which of the
two green neon arrows was activated. The ambient light
figures given were obtained by a photographic light meter
with the figures in units of exposure value for a film

speed of 25 ASA.

Inspection of the values confirms that legibility
distance was a function of both ambient light and temperature
while the combination of bright lighting and cold tempera-
ture resulted in very poor performance in severe cases.

Thus, on the coldest day in conditions of sunlight the mean
visibility distance for the five signs was only 30 feet,

certainly an inadequate distance for driver decision making.

There were also differences among the different signs
with legibility distances often varying several hundred
feet when other conditions were held constant. It is
apparent, however, that despite the severe effects of
temperature and lighting conditions the Trailblazers were
generally visible at adequate distances for route decisions

to be made by motorists desiring to follow the sign system.
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DRIVER SUBJECT RESPONSE

Sign sighting data from the driver observance study
were obtained as shown in Table 7. A Chi-square test showed
a highly significant difference (a = .0l1) in the relative
frequency of sighting of the five signs by attentive sub-
jects. The 50% sighting found at the Chicago Blank-out
Sign is the prime contributor to the statistical significance
of the results. When the data from this sign were eliminated
and another Chi-square test performed, the results remained
highly significant. In this second case it was the poor
sighting record of the Trailblazer signs, seen less than
two fhirds of the time, which contributed to the significance
of the results. The small differences among the Variable
Message, Davison Blank-out and Ramp Information signs were

not statistically significant.

For the subjects tested it is concluded that the
Variable Message Sign, Davison BiankFout Sign and Ramp
Information Signs were much more easily visible, averaging
almost 90%, than were either the Trailblazers or the Chicago
Blank-out Sign. There are several reasonable explanations
for this. First, these three sign types were much larger
than the other two types, with the Chicago Blank-out Sign
being the smallest of the five signs. Second, the two most

frequently seen of these three signs were mounted over the
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TABLE 7

SUBJECTS SIGHTING DYNAMIC ROUTE GUIDANCE SIGNS

SIGHTED BY SUBJECT
(Percent)

SIGN TYPE Yes No
Variable Message (Type 1) 93% (13) 7% (1)
Davison Blank-Out (Type 2) 86% (12) | 14% (2)
Ramp Information 86% (24) | 14% (4)
Trailblazers (Type 3) 64% (54) | 36% (30)
Chicago Blank-Out 50% (14) | 50% (14)

Numbers in ( ) indicate number of subjects
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roadway and the roadside positions of those sighted less
frequently made them increasingly more difficult to‘see.
Third, the messages in the more frequently seen signs were
displayed in red neon letters against a dark green back-
ground (although the Ramp Information Signs can have green
messages) in contrast to the green neon directional arrows
against a white background of the Trailblazers; or white
message on a black background as used in the Chicago Blank-
out Sign. Fourth, contrast with the background related to
the complexity of the driving task would also explain the
better sighting records of the three most frequently seen

sign types.

The route selection response of those driver subjects
who sighted the signs is shown in Table 8. The behavior
of drivers who did not report sighting the signs has not
been considered as in some cases it was possible to coin-

cidentally take the correct action without having seen a sign.

A Chi-square test using Yates correction showed that
the difference in turning behavior among the five types of
signs is statistically significant at the .05 level. The
significantly poorer performance of the Variable Message
Sign and the Ramp Information Signs is noted. Only slightly
more than half of the willing subjects coming to these signs

made the correct turn.
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TABLE 8

CORRECT RESPONSE BY SUBJECTS SIGHTING
ROUTE GUIDANCE SIGNS

CORRECT BEHAVIOR
(Percent)

SIGN TYPE Yes No
Davison Blank-Out (Type 2) 92% (11) 8% (1)
Trailblazer (Type 3) 87% (47) 13% (7)
Chicago Blank-Out 71% (10) 29% (4)
Variable Message (Type 1) 55% (7) 45% (6)
Ramp Information 54% (13) 46% (11)

Numbers in ( ) indicate number of subjects
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Although the large Variable Message Sign and the Ramp
Information Signs were more easily seen than the other three
sign types tested, a smaller percentage of subjects correctly
followed the route instructions. Since the subjects were
"instructed to obey all traffic signs, it is concluded that
this incorrect behavior was the result of not understanding

the sign message.

The two Blank-out Signs and the Trailblazer Signs
commanded better response than the Variable Message or the
Ramp Information Sign because of the relative simplicity
of their messages. These three signs provided only a single
bit of information (either delay or no delay, or straight
or turn movement). The more complex signs provided messages
having far more information. Also, the placement of the
}signs with the best response was better with respect to

driver decision and reaction time.

A bar graph (Figure 12) summarizes these results and
displays the joint sighting and response to the five types

of signs.

Table 9, extracted from Table 8, shows that the
difference in response to the Trailblazers and to the Variable

Message Sign is highly significant.
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TABLE 9

RESPONSE OF SUBJECTS SIGHTING TRAILBLAZER
AND VARIABLE MESSAGE SIGNS

CORRECT BEHAVIOR
SIGN TYPE Yes No
Trailblazer (Type 3) 47 7
Variable Message (Type 1) 7 6

Figure 12 summarizes these findings and shows the
great differences in both sighting and response, with those
signs most frequently seen being those least effective in
eliciting the appropriate response by cooperative subject
drivers. These were the most complex of the signs, however,
and it is believed that an overall effectivess exceeding
80% for first time viewers is achievable with appropriate

design and placement for signs with simple messages.

Table 10 examines the behavior of the subjects who
reported sighting the Trailblazer Signs under varying day-
light conditions. Fisher's Exact test showed the difference
in behavior to be statistically significant at the 0.02 level.
Thus, the behavior of subjects tested in sunny weather as
compared to those tested in cloudy weather was not the same.

These findings are consistent with the previously reported
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TABLE 10

RESPONSE OF SUBJECTS SIGHTING
TRAILBLAZERS BY LIGHT CONDITIONS

CORRECT BEHAVIOR

LIGHT CONDITIONS Yes No
Cloudy 35 2
Sunny 12 5
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study that showed the decrease in legibility distance under
sunny conditions and consequently the inability of the
subject to take the correct action because of inadequate

distance to respond correctly.

Analysis of driwver subject sign sighting at each of
the six Trailblazers studied is shown in Table 11. A Chi-
square test was performed to examine the significance of
the differences in sign sighting at these six Trailblazer
locations. Results indicate sign location cannot be shown

to significantly affect the sighting of the signs.

The Hamilton and Webb Trailblazer signs are mounted
differently than are the other four signs. The signs at
Hamilton and Webb are suspended by span wire and centered
over the roadway while the other four signs are mounted on
posts at the side of the road. Thus, these signs are
exposed to the sunlight with no surrounding buildings or
trees to provide shade. Under these conditions, not only
are the green arrows less distinct but there is also less
contrast to the white sign background. On very sunny days,
therefore, the signs may be difficult to see and almost
certainly difficult to read and consequently obey. A ten-
dency toward supporting such a conclusion is noted although

the results are not statistically significant.
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TABLE 11

SUBJECTS SIGHTING TRAILBLAZERS
AT EACH LOCATION

SIGN LOCATION AND PERCENT
DIRECTION OF TRAFFIC SIGHTING NOT SIGHTING
Woodrow Wilson (North) 71% (10) 29%  (4)
Hamilton (North) 43% (6) 57% (8)
Oakman (West) 64% (9) 36% (5)
Webb (East) 64% (9) 36% (5)
Seward (West) 86% (12) 14% (2)
Twelfth (North) 57% (8) 43%  (6)
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Table 12 shows the differential response to the over-
head and roadside mounting of the Trailblazer Signs by
those subjects who sighted the sign. Fisher's test was
performed to test the significance of the apparent differences.
The differential effects of overhead and roadside sign

mounting on driver behavior was highly significant.

It was also apparent early in the first series of tests
that the placement of the large Variable Message Sign at
West Grand Boulevard might affect driver behavior. There
is no problem with sign visibility at that location as shown
by the fact that all but one subject reported seeing the
sign (Table 7). The sign, however, is located very close
to Second Avenue, the first intersection at which a turn
may be recommended. Therefore, a driver who saw and under-
stood the sign message and who wised to obey it, might be
unable to reach the righthand lane in time to turn at Second
or may be unaware that right turns are permitted from the
second lane. In addition, a driver unfamiliar with the area
might not know that Second is the first street to the right
past the sign. Table 13 shows the behavior of driver sub-
jects who saw the sign during either of the two state
displays. The small sample did not show a significant
difference by Fisher's Exact test, but it is believed that
with a larger sample it would be found that drivers would
not respond to the sign and most often when directed to

Second Avenue because of sign placement problems.
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TABLE 12

RESPONSE OF SUBJECTS SIGHTING
TRAILBLAZERS BY SIGN POSITION

CORRECT BEHAVIOR

SIGN MOUNTING Yes No
Overhead 10 5
Roadside 37 2
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TABLE 13

PERCENT OF CORRECT RESPONSE BY SUBJECTS SIGHTING
THE VARIABLE MESSAGE SIGN FOR TWO SIGN STATES

CORRECT INCORRECT

BEHAVIOR BEHAVIOR

SIGN STATE (Percent) (Percent)
Turn at Service Drive 72% (5) 28%  (2)
Turn at Second Avenue 333 (2) 67% (4)
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TRAFFIC ROUTING AT DECISION POINTS

As described in Chapter 1, peak period turning
movements were counted at ten selected dynamic sign loca-
tions. At each of these locations the dynamic sign
alternately indicated one of the two directions leading
to the northbound Lodge Freeway. The observations are
summarized in Tables G-1 through G-10 in Appendix G. All
statistical analyses are based on Chi-square contingency

table tests (o = .001).

Initially, the results of the studies for the two
days at all of the sites were aggregated and these results
are presented in Table 14. The usage of the direct or
shortest-time route, the route recommended during off-peak
hours, versus the usage of the alternate route as a function
of the route recommended in the display is shown in the
table. While 50.3% of the traffic approached the sign when
it was recommending the direct route, there was a differeh-
tial response to the two displays that can be attributed to
the cooperative behavior of some of these motorists. When
the direct route was indicated, 52.8% of the traffic followed
the indication, but when the alternate route was recommended,
an approximate five percent drop took place as only 47.2%
of the traffic used the direct route. A similar, but not
as strong an effect, was observed for alternate route users

when that turn was recommended.
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TABLE

14

USAGE OF DIRECT AND ALTERNATE ROUTE

ROUTE USED
Direct Alternate Average
Direct 52.8% 48.9% 50.3%
(7,177) (12,929)
RECOMMEND-
ED ROUTE Alternate 47.2% 51.1% 49.7%
(6,399) (13,486)
Total 100.0% 100.0% 100.0%
P, < .001
X

In an analysis of the sum of the diagonal elements of

Table 14 it was found that 20,663 (51.7%) of the motorists

followed the route that was displayed as they approached

the intersection while 19,328

(48.3%)

turned contrary to

the recommended display, a difference of 675 vehicles on the

two study days.

direct route indication was again noted.

The somewhat larger response to the more

Table 15 presents the results for the almost 40,000

vehicles observed in this study in still another way.

The

data for the ten sign locations have been grouped into the

heavier and lighter traffic movements for the entire period.

It can be seen that when the display indicated that motorists

should follow the heavy flow direction, 85.7% of them did

this.

a slight reduction to 84.8%.

statistically significant at the one percent level.
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This small difference is




TABLE 15

TRAFFIC RESPONSE TO DYNAMIC SIGN DISPLAYS

TURN FOLLOWED

Heavy Light

Flow Flow

Heavy 85.7% 14.3%
TURN Flow (17,724)(2,961)

INDICATED
Light 84.8% 15.2%
Flow (16,367)|(2,939)
P 5 < .01

Table 16 shows the overall response to the recommended
movement recorded at each of the ten locations. The most
cooperative behavior was recorded at the West Grand
Boulevard Variable Message Sign location, where 58.0% of
the motorists followed the recommended route. With the
exception of the Chicago at Hamilton and Hamilton at Davison
Ramp Information Signs which recorded statistically signi-
ficantly less than 50% usage (49.1% and 47.9%, respectively),
the remaining signs recorded similar responses of from 51.0%
to 53.3% favorable to the displays. It is believed that
the Variable Message Sign and the characteristics of the
New Center area personnel who passed that sign explain the

good response to it. The poor response to the Hamilton
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TABLE 16

PERCENT OF TRAFFIC MAKING
RECOMMENDED MOVEMENT

SITE

PERCENT MAKING
RECOMMENDED MOVEMENT

West Gfénd Boulevard
at Second

Second at Seward
Seward at Second
Second at Chicago
Hamilton at Chicago
Chicago at Hamilton

Woodrow Wilson at
Webb

Webb at Woodrow
Wilson

Hamilton at Davison
Service Drive

Davison Service Drive
at Hamilton

| AVERAGE

58.0%
51.9%
52.1%
51.0%
52.3%

49.1%

51.9%

53.3%

47.9%

53.1%

51.7%
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Avenue Ramp Information Sign at the Davison Expressway
was consistent with the poor response to the Principal
Alternate Route recorded at this point in other studies

(26) .

Table 17 presents the data for each of the ten signs
by major and minor flows. There was an overall reduction
in the percentage using the major route when the minor
route was recommended at nine of the ten sites. Only at
Site Number 15, the sign displayed to Davison Service Drive
traffic at Hamilton, was there an increase in the traffic
using the Service Drive when Hamilton was the recommended
route, The results for only two of these locations, Webb
at Woodrow Wilson and Second at Chicago, were statistically
significant. The results at these locations were highly
significant with 3.2% and 2.5% of all the traffic, respec-

tively, changing its turning behavior.

At Second and Chicago there is little to choose between
the two routes, continuing north on Second to Webb or
turning onto Chicago. Both the Webb and Chicago ramps are
entered from a side street and there is no continuous service
drive available for use. The sign is reasonably well-
positioned and with lower traffic volumes on Second Avenue
at Chicago than at Seward Avenue, it seems apparent that
drivers were able to check which arrow of the Trailblazer

was on and make the appropriate maneuver.
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TABLE 17

TRAFFIC RESPONSE TO DISPLAYS BY LOCATION

MAJOR MOVEMENT RESPONSE

SIGN FACING, LOCATION NOT

91

SAMPLE
AND NUMBER RECOMMENDED RECOMMENDED SIZE
West Grand Boulevard
at Second, 1 . 71.5% 68.8% 2243
Second at Seward, 3 ' .91.0% 90.9% 10373
Seward at Second, 4 75.6% o 72.7% 1145
Second at Chicago, 6 90.1% 86.9%%%*% | 7742
Hamilton at Chicago, 7 77.2% 75.3% 5934
Chicago at Hamilton, 8 89.4% 88.6% 2960
‘| Woodrow Wilson at
- Webb, 12 : 84.5% 80.7% 889
Webb at Woodrow u
Wilson, 13 96.4% 93,9%%%% 1743
Hamilton at Davison
Service Drive, 14 83.6% 81.9% 4063
Davison Service Drive .
at Hamilton, 15 84.0% 85.1% 2899
' 39991
*, .05
P g < k%, ,01
X *kk 001




The Webb sign at Woodrow Wilson also showed a signi-
ficant change in traffic routing. The reason is again
probably due to the fact that there is little difference
in the two routes to the eastbound Davison Expressway, a
likely off-ramp for much of the Lodge traffic entering from
eastbound Webb. The alternate route to Davison is, of course,
‘north along Woodrow Wilson. It is noted that only very

small numbers of vehicles are involved.

The other variations could be entirely due to chance,
but application of the Binomial Sign Test indicated that the
decrease recorded at nine stations out of ten was statis-
tically significant. Hence, it can be concluded that in
general there is an overall effect with a magnitude probably
not exceeding three percent of all traffic moving through
these decision points, keeping in mind that not all of the
vehicles on these streets have the Freeway as their

destinations.

A review of the route selections made by time of day
was also conducted. The responses of drivers from 3:00 to
4:00 p.m., a period of lesser congestion, were different
from those recorded during the peak hour from 4:00 to 5:00

p.m.
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Thus, it was believed that there could be a time-of-

day effect based on traffic volumes passing the site. The

three half-hour periods from 3:30 to 5:00 p.m. were selected

for analysis so that an orthogonal analysis could be made

at nine of the sites.

The two volume differences had to

exceed 20% to have the site considered as having a definite

peaking effect.

Six of the nine sites did not record flow

differences this large, while at three locations, Second at

both Seward and Chicago and Hamilton at Chicago, there was

a large difference in flow during the three periods as shown

in Table 18.

i

'TABLE 18

TRAFFIC VOLUMES

Time of Day

Six Non-Peaking Sites

Three Peaking Sites

3:30 - 4:00 p.m.

4:00 - 4:30 p.m.

4:30 - 5:00 p.m.
-

3,108
+1%

3,157
+21%

3,814

4,252
+21%

5,126
+39%

7,104
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The time of day responses at the two types of sites

are shown in Table 19 where the percent of drivers using
the direct route is shown for the times when each of the
two routes were recommended at the three peaking and six
non-peaking sites. Considering first the non-peaking sites,
it can be seen that there was a decrease in use of the
direct route as the afternoon progressed, regardless of the

message displayed.

TABLE 19

TIME OF DAY EFFECT ON PERCENT OF
DRIVERS USING DIRECT ROUTE

TIME
SITES 3:30-4:00 4:00-4:30 4:30-5:00
Non-Peaking (6)
Display Recommending
Direct 60.4% 59.5% 54.6%
Alternate 59.4% 58.8% 52.5%
Peaking (3)
Display Recommending
Direct 14.7% 12.2% 13.1%
‘Alternate 16.6% 14.2% 13.9%

The slightly greater drop in the percent using the direct
route When the alternate route was recommended, 6.9% versus
5.8% (59.4% - 52.5%; 60.4% - 54.6%, respectively) is
statistically significant (o = .001) and indicates that

there was a greater response to the alternate route recommen-
dation at these low and relatively constant flow locations

as Freeway congestion increased.
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At the three sites where peak flows were much greater
between 4:30 and 5:00 p.m. than between 3:30 and 4:00 p.m.
there was also a significant decrease in the percent using
the direct route to the Freeway as the afternoon progressed,
regardless of the sign display. However, there was a highly
significant interaction between time of day and sign response
at these sites and it is concluded that the display of the
alternate route recommendation had a greater effect when

peak flows existed than earlier in the afternoon.

Further, considering all the figures in Table 19, it
‘can be concluded that the small cooperative response to the
displays was greater at the low-flow sites than at the high-

flow peaking sites.

The Variable Message Sign study (Table G-1) used two
alternate displays to direct traffic to the Seward ramp
by two routes. Results showed there was no significant
difference between the two directions recommended by the
sign and it is concluded that the sign messages themselveé

did not seem to cause confusion.

In summary, a small but consistent pattern indicating
a cooperative response to the sign displays was recorded in
these studies. However, since this response was of the
order of only a few percent, it was believed unlikely that
a necessarily crude macroscopic study of travel and travel
time in the Corridor would be able to detect the differenées
recorded in the microscopic study. The next section of

this chapter reviews such a study.
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OVERALL TRAFFIC RESPONSE TO
DYNAMIC ROUTING SYSTEM

Because of time constraints, concern with the weather
and schedule failures out of the control of the research
agency, the expanded dynamic sign system began operation
approximately two weeks after the introduction of a new
strategy of ramp metering (6). The new metering strategy
operation commenced on October 31, 1969 while the new signs
were brought into operation during the week beginning

November 10, 1969.

It was believed that modest responses to the dynamic
route guidance system would be unlikely to affect ramp
metering operations since only measured freeway parameters
were involved in metering parameter determination. However,
the metering parameters directly affected the sign states
and potential diversion of traffic. Therefore, the "before"
period of study was limited to the week of November 3rd.
November 4th, election day, was omitted from the analysis
since both total travel and total travel time were considerably

larger on this day.

With the onset of harsh weather shortly after the signs
became operational on November 17th, it was necessary to
postpone the "after" study until early 1970. Coincidentally,

before the end of 1969, the Edsel Ford detector station was
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moved north to West Grand Boulevard. This gave a definite
improvement in measuring input parameters for the Freeway.

For compatability, therefore, the travel and travel timé
measurements were compared before and after the change
between the Seward and Meyers stations, omitting data obtained
south of Seward. Data for the month of February 1970 were
studied and data for two days were found where the metering
strategy:at each ramp was identical and where there were no

equipment failures.

The following surface street detectors were used to

provide traffic flow data on the Alternate Route Network:

1. Second near Pallister;

2. Service Drive near Pallister;
3. Fenkell near Twelfth;

4. McNichols near Livernois; and

5. Puritan near Livernois

The Hamilton near Webb detector was operational during the
before study period but not afterwards while those at
Hamilton near Chicago and at Hamilton near Puritan were
operational during the after period but not before. The
data from these detectors were not used leaving the listed
five detectors as a data source for surface street volumes
for the "before" and "after" conditions. Other surface

street volumes were obtained by manual counting.
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The total travel time difference between the "before"
and the "after" period was estimated by obtaining the pro-
duct of average travel time and total traffic flow during
the afternoon peak for each link for both periods. Since
little traffic originated on links between the nodes, the
detected traffic volumes were used as the source of data for
the determination of both total travel and total travel
time. The detected volumes were obtained from only one lane
in the direction of flow on the link. However, prior
observations had been made to enable these volumes to be
adjusted to represent the total volume in the required
direction. The calibration factors were different at differ-
ent times of day usually because of variations in the usage

of the curb lane.

To obtain tofal link travel in vehicle miles, the
estimated volumes were multiplied by the measured length of
the link. To obtain total travel time, the volumes were
multiplied by representative travel times on the link based
on several measurements by a test car before and after the

introduction of the signs.

Table 20 gives the total travel and total travel time
on the Freeway between the Seward and Meyers detectors for
the selected "before" and "after" days. All travel shown

occurred between the hours of 2:30 p.m. and 6:30 p.m.
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TABLE 20

FREEWAY TOTAL TRAVEL AND TOTAL TRAVEL TIME
BEFORE AND AFTER INSTALLATION OF NEW SIGNS

BEFORE (1969)
| S
TOTAL
TOTAL TRAVEL TRAVEL TIME
(VEHICLE MILES) (VEHICLE HOURS)
NOVEMBER 3 116,229 3,494
NOVEMBER 5 124,787 3,348
NOVEMBER 6 128,694 3,342
E(NOVEMBER 7 116,545 3,204
MEAN 121,564 3,372
AFTER (1970)
TOTAL
TOTAL TRAVEL TRAVEL TIME
(VEHICLE MILES) (VEHICLE HOURS)
—
FEBRUARY 6 111,210 2,975
FEBRUARY 9 109,567 3,093
MEAN 110,389 3,034

99




There was a statistically significant decrease of
more than 11,000 vehicle-miles from the before period to
the after period and also a fall of more than 330 vehicle-

hours in the value of the total travel time on the Freeway.

The surface street volumes, and average and total
travel times are shown in Table 21 which identifies these

values for each link studied.

An examination of the before and after values of
volume and average travel time shows increases in the central
hours above those recorded in the first and last hours. In
most instances, the travel time increased with increasing
volumes as would be expected. There was generally an increase
in travel time between corresponding hour periods for links
in the before and after periods. The four principal excep-
tions were decreases in travel times but not traffic volumes

for the following links:

18-19 Oakman from Hamilton to 12th;
21-23 Fenkell from Linwood to Livernois;
23-25 Fenkell from Livernois to Wyoming; and

27-32 Hamilton and McNichols from Oakman to Couzens Drive.

The reductions in travel times are probably due to improved
parking enforcement or better signal timings requested from

the City, but are not likely to be caused by the operation
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TABLE 21

SURFACE VOLUMES AND AVERAGE

- AND TOTAL TRAVEL TIMES

HOURS OF THE DAY

101

2:30=- 3:30- ] 4:30~ 5:30-
LINK STATE PARAMETERS 3:30 4:30 5:30 6:30
. q (vehicles) 505 776 875 747
2-5 Before £ (minutes) 1.31 1.40 1.10 0.50
T (mminutes) 662 1085 962 374
g (vehicles) 616 | 817 862 | 640
2-5 After t (minutes) 1.34 1.42 1.41 0.55
T (minutes) 825 1160 1214 352
g (vehicles) 718 | 1275 867 915
5-8 Before T (minutes) 2.07 2.20 2.50 2.30
‘T (minutes) 1487 2800 2170 2100
q (vehicles) - 855 1345 855 780
5-8 - After t (minutes) 2.12 | 2.23 3.20 2.55
T (minutes) 1814 3000 2740 1980
q (vehicles) 385 626 784 670
8-11 Before T (minutes) 1.45 1.80 1.35 0.75
T (minutes) 558 1125 1159 502
_ g (vehicles) 496 660 771 572
8-11 After t (minutes) 1.49 1.83 1.73 0.83
T (minutes) 739 1208 1332 475
'q = surface street volumes
t = average travel times on link
T = (q)(E) total travel time




TABLE 21

(CONTINUED)
HOURS OF THE DAY
2:30~- | 3:30- 4:30- 5:30~-
LINK STATE PARAMETERS » 3:30 4:30 5:30 | 6:30
. q (vehicles) 872 926 1300 890
' 11-15 Before t (minutes) 1.65 1.65 1.75 1.60
T (minutes) 1440 1528 2270 1425
g (vehicles) 1070 9717 1280 760
11-15 - After t (minutes) 1.69 1.68 2,24 1.77
T (minutes) 1810 1640 2870 1345
q (vehicles) 935 1084 1438 1225
15-18 Before t (minutes) 0.65 0.62 0.67 0.55
T .(minutes) 608 672 972. 674
g (vehicles) L1142 1247 1415 1048
15-18 After "t (minutes) 0.67 0.63 0.86 0.61
T (minutes) 765 786 1215 639
. q (vehicles) 719
18-19 Before t (minutes) 1.20
T (minutes) 862
q (vehicles) 728
18-19 After t (minutes) 0.78
T (minutesf 568
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"TABLE 21

(CONTINUED)
HOURS OF THE DAY
2:30~ 3:30~- 4:30- 5:30-
LINK STATE PARAMETERS 3:30 4:30 5:30 6:30
. q (vehicles) 775
‘| 21-23  Before T (minutes) 2.80
T (minutes) 2170
q (vehicles) 784
21-23 After Tt (minutes) 1.81
T (minutes) 1420
q (vehicles) 925 825 604
23-25 Before T (minutes) 1.90 | 2.20 | 2.55
T (minutes) 1760 1770 1543
. q (vehicles) 936 842 602
23-25 After T (minutes) 1.89 2.14 1.77
T (minutes) 1770 1800 1030
q (vehicles) 742 828 761
27-32 Before t (minutes) 9.90 9.55 8.70
T (minutes) 7340 7900 6620
q (vehicles) 732 853 722
27-32  After t (minutes) 11.60 - 9.05 7.67
T (minutes) 8480 7420 | 5540
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TABLE 21

(CONTINUED)
HOURS OF THE DAY
. 2:30~ 3:30~ | 4:30- | 5:30~
LINK STATES PARAMETERS 3:30 4:30 5:30 6:30
. q (vehicles) 670 820 855
1 27-31  Before t (minutes) 7.35 7.83 8.95
T (minutes) 4950 6450 7650
, g (vehicles) 686 820 875
27-31 After t (minutes) 7.53 7.97 1 11.43
T (minutes) 5170 6550 10030
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of the system. On the other hand, there were variations

in the measurement of both the before and after travel
times. Since a reduction of a link's travel time from the
before period to the after period appeared to increase the
effectiveness of the sign, the conservative assumption is
made by eliminating these values from the travel time
summation. When this is done, the before and after traffic

volumes appear to be quite consistent.

There is a conservative increase of about 100 vehicle-
hours of total travel time for the measured links between
the before and after periods. The principal links likely
to be carrying diverted traffic and for which data was not

obtained were

1-4, 4-7 and 7-11 on Second and Webb;

1-19, 19-21 and 21-23 on Oakman, 12th and
Fenkell to Livernois;

18-27 and 27-32 on Hamilton and McNichols; and

25-31 and 31-32 on Couzens Drive

together with the ramp connections. It is also estimated
that the extra surface street vehicle-hours were less than

200 vehicle-hours.

It is concluded that since about 300 vehicle-hours per
day were removed from the Freeway there was a small savings
in travel time of probably less than 100 vehicle-hours per

day.

105



e boa e




CHAPTER THREE

INTERPRETATION AND APPRAISAL OF RESEARCH FINDINGS

In this study, a set of 19 dynamic signs controlled
by a digital computer and designed to recommend dynamically
the minimum travel-time route for northbound John C. Lodge
Freeway Corridor traffic was planned, designed, installed,
operated and evaluated. The evaluation was directed toward
the determination of the signs' performance in diverting
traffic to one of a series of alternate routes. This
dynamic route guidance system operated in close conjunction

with an entrance ramp metering system.

During the entire study, ramp signals were utilized
to restrict the rate of vehicle entry to the Freeway so
that the traffic demand at a bottleneck would not exceed
the capacity of that bottleneck. Queuing should not have
occurred on the Freeway, but only behind the ramp signals.
When there was a long ramp queue it was believed that use
of a parallel surface street route and a downstream entry
point to the Freeway would result in a lower travel time
for the motorist who diverted. Appropriately placed guide
signs directing motorists to and along such an alternate
route could reduce the demand for a ramp so that the queue

would not continue to increase. The ideal result of this
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study was envisaged as a state of equilibrium in which the
quickest route to a downstream point on the Freeway beyond
Wyoming Road alternated between direct Freeway access at

the normal point of approach and a surface street alternate

route.

The ability to obtain the desired routing response to
the dynamic system was not considered necessary for the
successful operation of the system or even desirable, because
of the possibility of the introduction of surges of traffic
resulting in unstable oscillations in usage and a breakdown
in street service at the associated higher densities. 1In
the event of ramp congestion, if a sufficient number of
motorists could be diverted to prevent a long queue, then
a set of information signs would be able to achieve the goal
of a state of equilibrium between surface street and freeway
travel times. It was hoped that the complete set of signs
would be seen by almost all approaching motorists and that
there would be sufficient response to create such an

equilibrium.

The complete set of signs in the Lodge Freeway Corridor

was erected in two stages. A separate report details the
desigh and results obtained on the eight Ramp Information
Signs (26). In that study it was found that unless the

surface street alternate route was actually the service
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drive, the percentage of motorists passing a sign and
entering the corresponding ramp was quite small. This
meant that even if most motorists obeyed the sign, there
would be only a small reduction in the traffic demand at
a congested ramp. In all likelihood, the ramp queue and

resultant delay would continue to increase.

As described in Chapter One, the additional signs were
installed in order to provide guidance to motorists traveling
on all logical paths to the Lodge Freeway. With almost all
approaching motorists given an opportunity to divert by
obeying sign messages, the degree of obedience required to
reduce ramp queues was much smaller. In fact, one could
visualize quite a rapid cycle of a queue build-up, sign
messages directing motorists away from the congested ramp,

a reduction in queue length, sign messages guiding motorists
directly to the Freeway and finally, another queue build-up.
The response time to a queue build-up could be set at any

desired length, thus increasing or decreasing stored demand

as Corridor conditions dictated.

An example of the importance of providing information
to motorists approaching the Freeway from several routes
could be exemplified by the situations occurring at the
Davison-Lodge Interchange area. If 7.6% of the Davison ramp
traffic came from the alternate route on Hamilton, (Figure

2), 50% obedience to the sign would have reduced the demand
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for Davison by only 3.8%. If information is given to an
additional 50% of the Davison ramp demand which came from
the Davison Expressway and an additional 30% from the
Davison Service Drive, 50% obedience to all three signs
would have reduced the demand for the Davison ramp by as
much as 43.8%. This degree of obedience would certainly
have been enough to guarantee that the Davison ramp queue
would not continue to increase. It should be noted that
approximately 12.4% of the traffic approached Davison from

southbound Hamilton.

Since monetary and time constraints made it impossible
to install a dynamic sign for every approach to a Lodge
Freeway ramp, the general principle followed in this study
was to place signs on the parallel northbound alternate
routes and on the cross streets leading directly to entrance
ramps at their intersections with the alternate routes. The
parallel alternate routes selected were restricted to those
roads capable of carrying a considerable increase in peak-
period traffic volumes at existing levels of service. While
the function of the dynamic signs was to direct motorists
to a parallel surface street route to the Freeway, it was
further believed that the selected parallel route would also
be the quickest for the motorist at that time. Thus, the
signs were designed to indicate to motorists the quickest

route, while at any time congestion on other appropriate
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routes could be general or local and témporarily ill-suited
for diversion. For example, illegal parking could have
caused the effective loss of a whole traffic lane in a link
or, alternatively, a particular intersection could be
oversaturated. A good example of general congestion would
have been peak period conditions on Fenkell Avenue which

is lined with small businesses, thus inviting stoppages. The
West Grand Boulevard Service Drive intersection is fre-
quently a source of local congestion and is a prime example

of intersectional oversaturation.
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SIGN DESIGN AND PLACEMENT

The evaluative findings pointed to weaknesses in both
the design and placement of the signs. The City of Detroit
Public Lighting Commission indicated at a late date that
the signs had to be clear of traffic lanes so that they
presented no hazard to traffic as well as high enough to
minimize the probability of a problem with the high voltages
in the neon gas circuits. It is believed that the 17 foot
height at which most of the Trailblazer signs were placed
above the sidewalk or roadway was too high and increased
the problem of viewing the dynamic display. At that height,
the signs were intermingled among the advertising signs
placed on buildings abutting the road or blended with other
types of background (trees, etc.). This helped account for
the fact that many of the Trailblazers were not sighted by

cooperative subject drivers.

A greater hazard is presented by suspended electrical
traffic signs than by painted signs such as those commonly
used for center-lane control. This requirement makes the
use of Trailblazers over the roadway of doubtful value
because of the larger supporting structure and sign required
if the sign is to have sufficient impact. Signs directly
attached to poles at the side of the road may be less

expensive and yet just as effective.
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Even for the motorist familiar with the Lodge Freeway
Corridor, there was a fundamental difficulty in the sign
as the green neon arrows tend to "fade" and become almost
invisible in cold weather and bright sunlight. A slight
tendency for green to fade could be tolerated, especially
when the advantages of a familiar, positive command are
weighed against the use of any other color. The extreme
fading found in this study, however, confirms the inadequacy

of this type of display in the central American environment.

The above discuééion has been mainly concerned with
the weaknesses of the Trailblazer signs which in reality
carry only a very simple message. In contrast, the Variable
Message sign used standard white lettering on a green
background and red neon messages. The red neon showed no
tendency to fade. This sign also used a green arrow to
complement the red message and thus minimized the negative
connotation of red. Studies also cast doubt on whether or
not all seven messages displayed on the Variable Message
Sign were necessary. A properly-designed Trailblazer could
have been equally satisfactory. The reasons for defining
the seven different messages were given in Chapter One,
but as a trade-off, the necessary sign was large in size to
accommodate all of the messages. Studies showed that it
was unnecessary to accept the trade-off. The sign installed

was relatively expensive to construct, install and operate.
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In the driver behavior study of the Variable Message
Sign, only seven out of 13 unfamiliar cooperating driver
subjects correctly read it and carried out the appropriate
maneuver. Of the other types of signs, only the somewhat
complicated Ramp Information Signs had such poor obedience.
To test individual messages on this sign it would have been
necessary to evaluate, for their route to the Freeway, a
sample of motorists passing the sign allowing for the fact
that many passing motorists have no intention of using the

Freeway.

There were two Blank-out Signs also designed and
installed to divert traffic approaching the Lodge Freeway.
The sign on the Davison Expressway appeared to be well
designed. Since diversion takes place at the Freeway ramp
entrance, some explanation for the diversion appeared to be
necessary. A Trailblazer sign would simply have read
"LODGE FREEWAY NORTH" with an illuminated arrow, and yet it
would have been required to direct motorists away from the
Freeway. Thus, in this application, a Trailblazer type
sign would have been confusing. The message giving the
explanation for diversion was in red neon and the remainder
of the sign used standard white arrows and lettering on a
green background. The second Blank-out sign was at Chicago
and was seen by fewer test subjects than any of the other
four sign types. This was directly attributable to its
size and placement relative to the driver and his task at

that time.
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In addition to the design and placement problems,
disobedience could have been caused by problems enumerated
in the earlier report on the Ramp Information Signs (26).
These included failure on the part of the driver to see
the signs, inability to react in time to the message, un-
familiarity with the Corridor, doubt about travel time
savings, disbelief in the sign messages and the environment
of the surface streets. All these factors could have been
vaiid in this investigation, and in particular, motorists
doubts on travel time savings and disbelief of sign messages.
In the study of overall effectiveness, it was found that,
due generally to communication problems with lines leased
from the Michigan Bell Telephone Company, detector operations
could be erratic. This resulted in the signs sometimes
showing incorrect messages based on a lack of accurate flow
information. Under these circumstances, a motorist diverted
in error to a congested link may have lost confidence in

the ability of the signs to show the correct paths.
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GENERAL CONSIDERATIONS

Some important items should be considered before a

permanent system of information signs is placed in any

other corridor.

1.

The signs should be carefully placed so as not
to compete with other signs and environmental

features and at a minimum feasible height above
ground level, preferably at the side of a road

rather than over it.

Trailblazer signs with the simplest possible
message rather than a Variable Message sign
should be used unless an explanation for
diversion or more details are absolutely
necessary. This would also be the case at a
ramp entrance where some form of Blank-out sign
might be required. These should also carry

the simplest possible message.

The ramp queue lengths necessary to change sign
states should be carefully evaluated with
allowances made in the event of an accident or
other incident occurring on the downstream

section of the Freeway.
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4, More than one alternate route should not be
available to motorists unless the detection
system is adequate and reliable and then
only if access is available from both sides

of the Freeway.

5. If it is decided to divert traffic before
reaching the ramp entrances, then an alternate

route is required on each side of the Freeway.

It is difficult to make a definite statement from the
results of this study on whether or not diversion before
or after reaching a freeway service drive is desirable.
This is because of the complexity of the Lodge Freeway
Corridor. It would appear, however, that if a freeway héd
a fairly straight alignment, the designation of only one
alternate route would be preferrable thus reducing the
number of signs and the costs. This would necessitate that
cross-street traffic from one side of a freeway be diverted

to the other side.

Signs to do this might have to be larger than simple
Trailblazers. Also, an alternate route of sufficient capacity
would have to be available to handle diversion from both

sides of a freeway.
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FIELD STUDIES

The tests used to evaluate the effectiveness of the
signs should also be altered. If possible, a questionnaire
should be distributed at the ramps to determine the per-
centage of motorists passing choice points. This, or a
license plate study for the same purpose, could be carried
out before any signs were erected. Alternatively, if this
evaluation took place after the signs were in operation,
then motorists should be asked whether they saw or used the
signs. The traffic routing studies should be used only
when it is known that a considerable percentage of traffic
intends to enter the freeway. Extensive aerial photography
should form the basis of an overall evaluation and be
supported by adequate funds spent for moving vehicle studies

of travel time and traffic volume counts.
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DRIVER RESPONSE

It is recognized that there were many problems with
the design and operation of this experimental system as
well as the environment in which it was placed and the lack
of a major sustained effort to obtain public acceptance
of the concept. A part of the study still under way will
ultimately report on the effectiveness after a one year

period of operation based on a questionnaire study.

Despite these problems it is believed that the study
has shown no strong latent desire on the part of these
motorists to make use of a dynamic route guidance system.
It is believed that the favorable responses obtained from
motorists in hypothetical and questionnaire studies will
only be achieved with strenuous efforts, not as a natural
response to a well-designed sygtem. Achievement of
levels of diversion in the 25% to 40% range is beliaved

to be virtually unattainable.
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CHAPTER FOUR

CONCLUSIONS AND SUGGESTED RESEARCH

A Freeway Corridor dynamic routing information and
control system was designed, installed and evaluated for
its ability to divert traffic from congested freeway ramp
entrances and to some extent from congested surface

streets.

It is concluded that this major effort resulted in
a response from less than three percent of the affected
motorists and that the most favorable response was on the
order of eight percent. The effects of the displays
were greater during peak periods on those routes with a
marked peak period traffic increase. Overall savings

were not detectable at the network level.

Defects were found in sign design, materials, and
placement which somewhat impaired their ability to divert
traffic. These factors often made it quite difficult for
motorists to see the signs. The studies indicated that
if the signs had been more visible and legible there would

have been little problem understanding their message.

The algorithm for the control of the signs should be
reviewed, as an improvement may induce more motorists to
follow the signs. Travel time estimates were made for

the alternative paths from each sign. However, this was
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not necessarily based on accurate information. Freeway
detectors in one position were used to estimate Freeway
travel time for a whole section of Freeway. Moreover, the
queue detectors did not measure queue length and, in any
case, the metering rate was not easily predictable so

that queue travel time could only be roughly estimated.
The possible metering rates could be reduced to perhaps
only two, minimum and maximum, and used to try to maintain
Freeway capacity but without queueing. Then if the ramp
detectors could be modified to monitor queue length, a
much more accurate travel time estimate could be made.
Sign states could then be based on the critical queue
length. The only problem would be whether any strategy
change should be made immediately after an accident or

other incident is detected on the Freeway.
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APPENDIX A

TECHNICAL EVALUATION OF VARIABLE
SIGNS AND SIGN MANUFACTURERS

An extensive survey of literature and manufacturers
was conducted to investigate the availability of variable
message signs. After the initial investigation, interest
was centered on the capabilities of the three manufacturers
who marketed the most promising signs for urban freeway
usage--Winko-Matic Signal Company, Ferranti-Packard Limited,
and Conrac Corporation. All three manufacturers employ a
basic dot matrix module to create alphanumeric characters
five dots wide and seven dots high. Characters up to twelve

inches in height are possible with this process (14, 32).

The dots on Winko-Matic and Conrac signs are incandescent
lamp bulbs. The rating of the bulbs utilized in these signs
is usually less than thirty watts. In most instances,
however, they are not used to their full capabilities in
order to yield improved life spans of up to 10,000 operating
hours. The bulbs may be controlled to operate at two
different ratings, one for day contrast and a lower one for
appropriate night contrast. A bulb matrix sign exceeding
ten kilowatts of electrical power for a given message can

easily be manufactured.
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Instead of bulbs, Ferranti-Packard uses a proprietary
electro-mechanical device to make up a matrix of dots. A
thin disc is background colored on one side and white on
the other side. Power is required only when characters are
changed by a magnetic technique. The average power con-
sumption depends on how frequently messages are changed,

and usually approximates 200 watts or less.

A fluorescent light can be provided at the bottom and
front of the signs when ambient light is insufficient for

proper visiblity.

For all three manufacturers, the bulbs or discs are
on-off binary devices requiring power to actuate them. Power
must be controlled so as to actuate the correct set of dots
(bulbs or discs) for the given message that is to be dis-
played on a sign. For all three sign types, controlled
power is provided by digital logic circuits which gate 60
hertz alternating electric current through thyristors. These
three-terminal, solid-state devices combine the functions
of a rectifier and an electronic switch, performing similarly

to thyratrons.

Control complexity and communication channel capacity
depend on the number of different messages to be displayed
and the rapidity with which they must be changed. Since the

choice of a suitable message is a part of the project
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experiment, infinite message capability initially appeared
to be desirable. A fixed set of eight, ten, or twelve
messages, however, yields a more simple sign system at less
cost. On a short term, cost-effectiveness basis, the fixed
message signs were found to be better for this project. by

a factor varying from 3:1 to 25:1.

A fixed message is achieved by a block rather than a
matrix display of characters. The signs consist of cutouts
in opaque material so that back lighting displays the
characters. The cost differential between matrix and block
signs is due largely to the much more sophisticated controls
required for matrix signs. The communications costs are
currently about the same for either block or matrix signs.
However, as traffic control networks become larger and more
complex, and as solid-state electronics continue to become
less expensive and more versatile in application, it is
reasonable‘to expect that control and communication costs

will become more favorable to matrix type signs.

All three of the manufacturers surveyed in detail are
prepared to produce fixed message signs. Winko-Matic,
however, is about two years away from producing infinite
message signs. Before actual writing of specifications
for the required signs was undertaken, it was felt advis-
able to thoroughly study the capabilities of the possible

suppliers. A summary for each manufacturer follows:
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Winko-Matic

The design and manufacturing capability of Winko-Matic
is concentrated on highway traffic signs. They can produce
variable message signs of any desired size in fixed message
sets up to eight or twelve messages. It is believed that
Winko-Matic is about two years away from production of
infinite message signs. Fixed messages permit fixed wiring
of printed circuit boards such that only one or two thyristors
per message character are required for power control. This
fixed logic also simplifies communication channel require-
ments and message selection at a control center. The four
bit code of a number is modulated on a tone carrier frequency
for transmission over a teletype, or telephone wire pair,
at a rate of five bits per second, for a one-line sign. (The
extra bit is available for other purposes such as flashing
a message.) Blank printed circuit boards may be purchased
by the user so that new messages can be wired and substituted
in sign control. Feedback from a sign provides a check on

message errors at a central place of control.

Ferranti-Packard

Although Ferranti-Packard has had some experience with
traffic signs, most of their signs have been produced for
stock exchange and airport terminal infinite message display

systems. The low power required to actuate one of their
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signs permits k-y addressing of the dot matrix and a minimum
number of thyristors. The addressing technique is similar
to that employed in computer ferrite core storage matrices.
Since a message is not wired in at the sign, the message
rather than a message number must be dispatched over the
communications channel from either a teletype console or a
computer at a control center. Ferranti-Packard also employs
tone carrier modulation. A message is written on a sign line,
left to right, at a standard rate of ten characters per
second. Messages may be flashed and error checking is pro-
vided. For a major sign with controls and communication
channels, it appears that Ferranti-Packard prices are only
slightly higher than a Winko-Matic fixed message system.
This result seems to stem from the ingenious nature of the
Ferranti-Packard disc technique as well as the control logic

thereby permitted.
Conrac

Less information was available on the Conrac signs
than on the other two. The design of the signs, however,
seems to be oriented to sports events. In order to achieve
an infinite message capability with a lamp bulb matrix, each
bulb is controlled with a thyristor and a four-bit register.
Available component pricing data indicate that this design

procedure is expensive, perhaps even exhorbitant, for the
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present experimental purposes. A later check with Conrac
on expense failed to produce any justification for using

their type of sign on this project.

Request for Bids

Conrac Corporation was eliminated from consideration
based on the above information. Two manufacturers located
in Michigan, Econolite (Smith Sign & Signal Company) and
Steel Art (Carrier and Gable) were well known to the project
staff from past contacts and did not require further investi-
gation. It was, therefore, decided that specifications and
requests for bids would be sent to Winko-Matic, Ferranti-

Packard, Steel Art, and Econolite.

At the end of April 1969, the four manufacturers were
sent summaries of the requirements for the three types of
signs to be used in the project. After additional study and
a review of manufacturers' comments, specifications for the
signs were prepared and distributed. All of the vendors

submitted bids early in June.

Econolite submitted the lowest bid for both the Type 1
and the Type 3 designs. Winko-Matic offered the lowest bid
on the Type 2 design. A complete review of the bids by
project staff and a University electrical engineering con-
sultant was made to determine whether any factors other than

cost should influence the choice of suppliers. A discussion
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with a represeﬁtative of Econolite revealed that their signs
would meet the requirements of the research. Thus, con-
tracts were awarded to the lowest bidders in each case,
Econolite accepted their contract; however, Winko-Matic,
declining to make only one sign, refused their contract. The

Type 2 sign was then ordered from Econolite, the second

lowest bidder.
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APPENDIX B

SPECIFICATIONS FOR THE SUPPLY OF
EIGHTEEN VARIABLE SIGNS

Purpose

The purpose of the signs is to advise motorists using
the John C. Lodge Freeway Corridor of the best northbound

route to follow in entering the Freeway.

Description

The corridor is displayed in Figure B-1l. 1In terms of
use of these signs, the area of interest is bounded by West
Grand Boulevard, John C. Lodge Freeway, Webb Avenue, Woodrow
Wilson Avenue, Davison Expressway, Twelfth Street, Fenkell
Avenue, Wyoming Road, John C. Lodge Freeway, McNichols Road,

Hamilton Avenue, Davison Expressway and Second Avenue.

The signs supplied will be erected by The University
of Michigan, the Public Lighting Commission of the City of
Detroit, the City of Highland Park, or other appropriate
authority. The locations for the signs are shown in Figure

B-lo
Operation

Three types of signs are required:

l. Variable message
2. Blank-out

3. "rrailblazer"
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KEY

TRAILBLAZERS :

Left Turn or Straight
Right Turn or Straight

QTHERS (WESTBOUND) :

@) G

Variable Message
Blank Out

FIGURE B-1

SIGN LOCATIONS
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One type 1 sign is to be located facing westbound
traffic on West Grand Boulevard between Cass and Second
Avenues. One type 2 sign is to be located facing westbound
traffic on the Davison Expressway at the Hamilton Avenue
Bridge. The remaining sixteen signs, all type 3, are to
be located in various positions throughout the corridor as
shown in Figure B-1l and listed in Table B-l. Four different

designs are required for type 3 signs.

All eighteen signs will bear the fixed message
"NORTHBOUND LODGE FREEWAY." A description of the various

required displays follows.

Type 1 - Variable Message Sign
Seven word messages are required:

A, (blank)

B. USE SERVICE DRIVE
AND SEWARD RAMP

C. USE SERVICE DRIVE
AND CHICAGO RAMP

D. USE SERVICE DRIVE
AND HAMILTON

E. DELAY AHEAD
USE SECOND AND SEWARD

F. DELAY AHEAD
USE SECOND AND CHICAGO

G. DELAY AHEAD
USE SECOND AND WEBB
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TABLE B-1

LOCATIONS OF THE TRAILBLAZER SIGNS

TRAFFIC
NO. LOCATION - STREET DIRECTION | CURB | DESIGN
1 100 ft. S of Seward in Second N W B
2 100 ft. E of Second in Seward W N A
3 100 ft. S of Chicago in Second N W B
4 100 ft. E of Hamilton in Chicago | W S A
5 10 ft. E of Hamilton in Webb W N A
6 100 ft. S of Webb in Woodrow N E A
Wilson
7 100 ft. W of Woodrow Wilson E -- D
in Webb
8 100 ft. E of Hamilton in W N A
Davison Service Drive
9 100 ft. S of Oakman in Hamilton N - D
10 10 ft. N of Kendall in 12th N W c
11 100 ft. E of 12th in Oakman W N A
12 30 ft. S of Fenkell in Linwood N E B
13 100 ft. S of Fenkell in N - D
Livernois
14 100 ft. S of Puritan in Hamilton [ N -- D
15 100 ft. N of Puritan in Linwood S W A
16 100 ft. N of Puritan in Livernois| S W A

Note: 1. All locations are approximate and depend on the
convenience of erecting the poles to support
the signs.

2. The curb for sign No. 4 is the S curb of the
Westbound roadway.

3. The position for sign No. 12 is on the traffic
island separating right-turning traffic.
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Lettering for all varying displays and the fixed

message should be a minimum of six inches in height.

The standard of lettering should be the Michigan
Department of State Highways Series D or other lettering

with at least as good legibility as Series D.

In addition, various arrow displays are required. For

message A, the required display is:

)

FIGURE B-2
VARIABLE MESSAGE SIGN ARROW DISPLAY
FOR MESSAGES A, B, C, AND D

This display will appear on each side of the message panel.

For messages B, C and D, the same arrow display will

appear but on only the right-hand side of the message panel.

For messages E, F, and G, the arrow display required is:
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FIGURE B-3
VARIABLE MESSAGE SIGN ARROW DISPLAY
FOR MESSAGES E, F, AND G

The width of each arrow display on the sign should be

suited to the size of the message panel but should not be

less than 18".

Type 2 - Blank-~Out Sign

The message to be displayed when appropriate is:

"DELAY - AVOID RAMP
USE 12TH ST"

Size and standard of lettering, including the fixed
message, should be 8 inch Series D except for "TH" in "12TH"

and "ST" which can be 6 inch Series B.

In addition to the fixed message "NORTHBOUND LODGE
FREEWAY," two fixed arrows pointing upward are required on
each side of the message panel. The height of each arrow
should be suited to the size of the sign or message panel

but should not be less than 18".
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Type 3 - Trailblazer Signs

For this type of sign, one of two arrow positions is
displayed as traffic conditions dictate. Four designs are

required:

Design A (eight signs required) indicates that a through

movement or a right turn is recommended.

24"

—
2

FIGURE B-4
TRAILBLAZER SIGN -~ DESIGN A

' Design B (three signs required) indicates that a through

movement or a left turn is recommended.

24

PN

qul pu— |

FIGURE B-5
TRAILELAZER SIGN - DESIGN B




This type of sign is used twice when a left turn is made
from a one-way street and once when a left turn is made

from a two-way street.

" Design C (one sign) also indicates that a left turn is
to be made from a one-way street. (It is necessary, however,
for this sign to be placed at the intersection immediately
before the intersection at which the turn is recommended
and therefore a straight through indication is also necessary

before the turn arrow.)

24"

240

FIGURE B-6
TRAILBLAZER SIGN - DESIGN C

The size of the lettering of the fixed message in these

three designs shall be 4 inch Series D.
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that the lettering is larger, namely, 6 inch Series D letters,
and one of the arrows is larger. These signs indicate that

a left turn is to be made from a two-way street.

2‘1"

<: :

48"
FIGURE B-7

TRAILBLAZER SIGN - DESIGN D

Each arrow dimension given in the four designs is the
desirable minimum but the actual size of the arrow should

suite the size of the sign.

Construction

The sign shall have a general background of either black
or standard highway green. The color of the messages may
be red, green or white but the arrow display colors may be
only green or white. An exception is that red may be used
for the "stub arrows," the streets to be avoided in messages

A, B, C, and D in the variable message sign. If any of the
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messages are colored in green on signs with a green back-
ground, sufficient contrast must be provided by means of

a black background in the individual message panel. Any
message in the three types of signs must be legible to a
driver with 20/20 visual acuity at distances given in the
table below for all day and night conditions. The sign
messages may be internally or externally illuminated. When
a message is blanked out, it must not be legible for dis-

tances from the sign as given in Table B-2.

TABLE B-2
LEGIBILITY DISTANCES

Blanked-Out Message
Sign Legible TIllegible Distance
Type Distance (Feet) (Feet)
Type 1 . 300 75
Type 2 400 100
Types 3A,
3B & 3C 200 50
Type 3D 300 75

The shape and size of all arrows shall conform as
closely as practicable with the standard sign arrows used by
the Michigan Deaprtment of State Highways. The width and
height of the signs have not been specified. However, it

is desirable that all signs be as small as possible while
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retaining the minimum lettering and arrow sizes. Preferably,
the smaller trailblazer signs shall conform to standard
highway sign sizes with dimensions in multiples of six inches.
The thickness of all signs shall be no greater than necessary
to provide an adequate housing. Any type of material may be
used in the construction; however, the finished product must

be generally sturdy, weatherproof, and neat in appearance.

Sign Faces

The sign faces shall be flat. In addition to the color
and illumination requirements given in the previous section,
a one-inch reflectorized white border shall be overlaid.
Materials used in the sign face shall be equivalent in
strength to 3/16 inch plexiglass. The completed sign face

shall present an attractive and professional appearance.

Mounting

All signs shall be provided with the necessary hardware
for direct attachment to existing wooden poles, steel
standards, or posts. The University of Michigan will pro-
vide the appropriate poles or posts where required, and

later erect the signs.

The Type 1 and Type 3 Design D signs will be mounted
above the roadway with a minimum clearance of 15 feet above
the road surface. In each case, they will be centrally

mounted over one of the traffic lanes on the road.
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The Type 1 sign is to be mounted over a street 45 feet
wide and the center will be 13 feet, 6 inches from the
right-hand curb (facing the sign). The Type 3 Design D signs
are on streets 52 feet, 74 feet, 74 feet, and 90 feet wide
and the center of the sign will be 19 feet, 6 inches, 37
feet, 37 feet, and 45 feet, respectively, from the right-
hand curb. In each case, the poles may be assumed to have

a 12 inch clearance from the edge of the curb.

The other signs will be directly attached to a pole or
post except for the Type 2 sign which will be directly
attached to the Hamilton Avenue Bridge. In general, the edge
of the sign next to the roadway must be 12 inches clear from

the curb.

Electrical Requirements

The electrical components in or near the sign shall be
designed to operate on 115 volt, 60 cycle, single phase
alternating current unless prior approval for departure from
this figure is obtained. All components must be approved

by Underwriters Laboratories.

All electrical components will be brought to a termina-
ting strip. In the case of the Type 1 and Type 3 Design D
signs, this strip will be mounted into a control base on the
supporting pole nearest to the center of the sign and about

6 feet above the ground. The University of Michigan will be
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responsible for mounting the terminating strip. Thus
sufficient internal cable must be provided. For all other
signs, the terminating strip can be in, at the back of, or

at the side of the sign,

Serviceability and Maintenance

It is not intended to develop a permanent operational
piece of hardware, but rather to test an operational concept
in communication with the motorists. Strict specifications
regarding serviceability and maintenance will, therefore,
not be imposed; however, the manufacturer shall state the

following:

1. Operating temperature range.

2, Anticipated life of light sources.

3. Anticipated useful life of the signs.

4. Power consumption of each sign.

5. General quality of components.

6. Requirements for electrical grounding

7. Any additional features which are likely to
affect serviceability of the signs as

operational devices.

Delivery

Delivery must be completed within ninety (90) days of

notification of acceptance of the manufacturer's offer. The
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quoted price shall include delivery and unloading at the
Public Lighting Commission warehouse, 174 East Atwater,
Detroit, Michigan or any other location in the Detroit

Metropolitan area specified by The University of Michigan.

Guarantee

The supplier shall guarantee satisfactory performance
of the units (excluding physical damage) for a period of

three months from the date of deliver.

In the event of physical damage to a sign, the manu-
facturer is asked to quote a labor cost (per hour) and a
transportation cost (per call) for returning immediately to
Detroit to repair the sign. Replacement materials would
be supplied by the manufacturer at current retail prices

less sales tax.

Working Drawings

Within fourteen days of notification of acceptance of
the manufacturer's offer, working drawings for each type of
sign shall be submitted to the Principal Investigator for
approval. The drawings must show in particular the detailed
lay-out of the sign face, the hardware for mounting the signs

and the location of the terminal strip if on the sign.
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The manufacturer must be prepared to come to the
National Proving Ground for Freeway Surveillance Control
and Electronic Traffic Aids in Detroit to review the working
drawings with the Principal Investigator. This conference
will take place within four days after submission of the

working drawings.

Bids

Tenderers may bid to supply any or all of the types of
signs. Alternatively the tenderer may offer to lease any or
all of the signs for three months with an option for a
twelve-month extension. Variations in the design may be
considered and the tenderer is invited to submit alternative
bids for any variations. The tenderer shall also include
a rough sketch of the layout of the messages for all the
signs and state the weight of the Type 1 sign, including

the mounting structure.

The bids should be submitted in duplicate with both
copies sent to the Principal Investigator, Professor
Donald E. Cleveland, whose office is located in the Argus
Building, Corner of William and Fourth Streets, Ann Arbor.

The mailing address is:

Highway Safety Research Institute
University of Michigan

City Center Building

220 East Huron

Ann Arbor, Michigan 48108
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One copy of the bid should be addressed to The University
of Michigan Purchasing Department. The bid must be received

no later than 4:00 p.m. on June 2, 1969.
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APPENDIX C

- DESCRIPTION OF EQUIPMENT USED FOR
- DATA ACQUISITION AND SURVEILLANCE CONTROL

The measurement and guidance operations necessary for
the real-time information and control system are performed

by both field and office equipment. (The reader should

......

(26) for equipment information not detailed here.)

The processing of data acquired through the detector
system and the making of control decisions are accomplished
by an IBM 1800 digital computer. As the field complex grows
in size the computer system can match this growth by appro-
priate increases in its capabilities. Also, as new traffic
flow theories are developed, or as older ones are improved,
the decision function can be updated through changes in
programming. The computer system is essential to compile
and assess the vast quantities of data involved in a real-
time freeway control system and also has the flexibility to

develop with the control system.
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The physical components of the full traffic control and

information system are shown in Figure C-1. The traffic
detectors are the major source of traffic flow measurements
into the system. These detectors are of three types: loop,
ultrasonic and transsensor. The loop detectors are used

on all of the ramps to detect vehicle presence and to record
volumes and on various surface streets in the Lodge Freeway
Corridor to record volumes. Transsensor-type detectors are
also used for this latter function. The ultrasonic units
are utilized on the Freeway, one for each northbound lane
at each of nine freeway detector locations. 1In addition,
ultrasonic detectors are used as queue detectors on all on-

ramps except one where a loop is used.

Electrical power was provided by either the Public
Lighting Commission, a City of Detroit agency which produces
power for City services, or the Detroit Edison Company. In
all cases power was tapped from existing lines belonging to
one of these sources and run to installation sites. All
lines were strung overhead and attached to existing poles.
Messages are conveyed to and from the field equipment over
leased Michigan Bell Telephone lines. This service is tapped
at the closest available location by the telephone company

and is routed to the field equipment.
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The information received at the Control Center is pro-
cessed and assessed by the computer in light of operating
parameters previously programmed into the system. After
assessment, and if appropriate, a call is made for a control
function. The necessary command is sent to the field through

a second set of leased communication lines.

The control and information systems consist of eight
ramp information signs, eight ramp metering signals, 16
trailblazer signs, two blankout signs and one variable
message sign. These information devices convey their messages

to motorists through the normal visual process.

In summary, the "main line" process described above
consists of traffic flow measurements accomplished by
detectors; receipt of data from the detector via communication
lines; processing of data by the computer; and command output
from the computer over communication lines to the control
signs and signals in the field. This "main line" process,
as can be seen in Figure C-1, is supported by other input
information as well as being subject to manual overrides

by the system supervisor.
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There are 19 new dynamic routing information signs in
use in the Lodge Freeway Corridor as a result of this phase
of research. All but one of these signs is capable of
presenting two messages and one sign can produce as many
as seven different messages. These 19 signs, while used
for the same purpose, are of two distinct types. The
majority, 17, are variable message signs, and two are blank-
out signs. Static signs are also utilized to reinforce

the directive messages displayed on the dynamic signs.

The large variable message sign on West Grand Boulevard
utilizes, as do the smaller trailblazer signs, neon tubes
to present the desired message. Since the tubes are clear
glass, the ramp names can be "stacked" and yet only the
illuminated message can be seen. In the case of the trail-
blazer signs only the activated arrow can be seen while the

other one blends into the sign background.

The blankout sign messages are invisible when not acti-
vated but can easily be read when the message is on. The
Chicago Boulevard blankout sign has a plexiglass front panel

with the appropriate message and is 1lit by internal lights.

Electrical Circuiting for Dynamic Routiung Information Signs

As mentioned previously, all but one of the 19 signs

present only two message states: on or off for the blankout
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signs and straight through or turn movements for the trail-
blazer signs. Thus the electrical control needed was only

a simple switching mechanism accomplished by a relay.

In the case of the variable message sign, however, an
electrical control assembly was designed and built by
project staff. A schematic of this assembly is shown in
Figure C-2. A three digit binary code was developed to
provide all of the possible seven messages (with one being
redundant). When the appropriate code was called for,
electrical relays switched to activate the called for
message. As an example, the second message, 100, calls for
the first series of switches to be in the "up" position
and the second and third series to be "down". The resulting
message is "Right Arrow Top" (2); "Right Arrow Bottom" (3);
"Use Service Drive" (4); "Seward" (5); and, "Ramp" (8). As
a second example the message 001 (first two series of
switches in the "up" position and the third series "down")
the message becomes: "Right Arrow Top" (2); "Delay Ahead

Use Second" (4); and, "Seward" (10).
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APPENDIX D

COMPUTER CONTROL PROGRAMS

The computer control used for this project had its
inception during NCHRP Project 20-3 conducted by the Texas
Transportation Institute (TTI). Much of the explanation
and documentation contained in Appendix C, "Data Acquisition
and Control: Software Methodology," of the TTI final
report is still valid and, therefore, will not be duplicated
in this appendix ( 7 ). The computer utilized is an IBM

1800 Data Acquisition and Control System.

The primary objectives of the control programming during
the 1969 research include metering the eight on-ramps located
in the study area, controlling the 27 dynamic routing infor-
mation signs which lead to the eight metered on-ramps and

collecting data from the traffic detection equipment.

Ramp Metering

During 1969 three major changes were made in the ramp
metering operation. First, the metering times for all
eight ramps were standardized to permit the utilization of
just one general metering system ( 6 ). Metering now begins
at 2:30 p.m. and ends at 6:30 p.m. The former system had
the four southern ramps metered from 2:30 p.m. to 6:30 p.m.,

while the remaining four were activated at 3:30 p.m.
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The second change was a modification in the possible
modes of operation (strategies) of the metering system. At

the end of 1969 the possible modes are:

1. Fixed one-minute rates (from historical table);
2., Minimum rates;

3. Maximum rates;

4, Constant green;

5. A system model based on a demand/capacity model;
6. A system model based on a storage model; and

7. Off (operationally the same as constant green).

Finally, the Seward on-ramp is now metered with a two-
phase (red-green) signal logic replacing the three-phase

(red-amber-green) signal logic.

The eight original University of Michigan driver
information signs on the prime alternate route advise the
motorist of the most desirable point for him to enter the
Freeway in order to avoid congestion (26). The computer
control strategy used for these signs was expanded to include

the 19 new dynamic routing information signs.

On-Line Information

The on-line operation of the computer provides two forms

of informational output. The first of these, digital displays
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which appear on the display panel, supplies the following

information:

1. Ramp volume at a given ramp;

2. Ramp queue detector occupancy;

3. Ramp metering rates;

4, Number of vehicles which can be allowed into a
given subsystem;

5. Freeway station volumes;

6. Freeway station occupancies;

7. Net number of vehicles that entered a given sub-
system in the past minute; and

8. Current state of variable message sign on West

" Grand Boulevard.

The second sources of information are the messages printed

automatically every minute by the IBM system typewriter.

These messages include information on:

A change in metering mode selection;

Data to disk messages (suspended, started, overlapped);
Detectors down or back in service; and

Internal action taken due to detector malfunction

(change in metering mode).
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The display panel contains various switches which, when
manually operated, send an electrical impulse message to
override internal program instructions. Eight, eight-
position rotary switches are used for selecting the desired
metering strategy for each of the metered ramps. There are
also eight, three-position rotary switches which provide
manual control for the driver information signs. In addition,
the display panel has three, eight-position rotary switches
available for selection of the type of information desired

to be shown on the digital display.

There are also three groups of rotary switches at the
lower left of the display panel. Each of these three groups
of switches provides external control of the system. External
control is defined as a control, other than computer control,
and is usually undertaken by the system supervisor. These
switches enable the supervisor to override the computer and
thus provide manual control of signs and ramp signals. They
are generally used during experiments in traffic routing or,
in the case of a malfunction, the switches serve as a backup

system.

In addition to the switches on the display panel, there
are eight, two-position switches on the computer console
which, when manually operated, alert the computer to various

changes and requests to the system.
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The entire system is shown in condensed flow chart form
in Figure D-1 and D-2. (Table D-1 presents a key
explaining technical terms used in these and all remaining
Appendix D figures.) The two parts of this figure show
how each routine is started and perpetuated, the purpose of
each routine and their linkages through the various computer
programs that control the operation of the system. There
are two types of programs employed in the system, Mainline
core loads are stored on disks in core-image format and
brought into variable core for execution on call while sub-

routines are always in core to enable faster execution.

The following paragraphs contain a detailed discussion

of the present routines and programs.

The RSTAR and RESTR routines are presented in Figure D=3.
The purpose of these routines is to enable the system to
recover from internal malfunctions automatically without
any intervention by an operator and, more importantly, with-
out discontinuing the metering system. All variables are
reinitialized and all time dependent functions are re-
synchronized. (The associated programs are OCCOL, CKSYS,

CLTAC, and POWON which are explained below.)
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TABLE D-1

KEY TO COMPUTER OPERATIONS FLOW CHARTS

TERM

DESCRIPTION

CALL CHAIN

CALL QUEUE

PRIOR

CALL LEVEL

CALL VIAQ

ENDTS

INTEX

INSKEL

This routine allows the user to link
two coreloads by overlaying the calling
routine.

This call places the named coreload in
a queue table for execution when a CALL
VIAQ is executed.

This is the priority ranking in the queue.

This call forces a programmed interrupt
on the level desired. With the system
design, a subroutine is associated with
each interrupt level being called by
this routine.

This call is used as the last executable
statement in a coreload. It will load
into variable core in the queue table on
a priority basis. If the queue is empty,
time sharing is initiated.

End time share. A non-process job is
stopped and placed onto disks.

Programmed interrupt exit.

Special common area for system programs.
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RSTAR is brought into core for execution during an IBM
system reload operation. This routine, upon request, can
also be made to chain to the COLDS program (Figure D-4)
and thus perform a normal system start-up. The COLDS program
initializes the system for continuous operation. It is
brought into operation by a CALL CHAIN (see Table D-1) from

RSTAR.

The COMP program (Figure D-5) makes necessary preliminary
computations for use in the metering routine (MTRNG) based
on data from the previous minute., COMP also sets up the
mainline core load execution priorities and sets a flag to
indicate that it has started execution. This program is used

to communicate with the system check-out routines.

Figure D-6 presents the MTRNG routine which computes
the metering rates for the metered ramps and controls the
information sign logic. It also contains special metering
override logic, such as that employed at the Davison to
Lodge on-ramp, where an excessive ramp queue necessitates
a change in metering mode to alleviate congestion on the

feeding ramp.

The purpose of the DETCK (Figure D-7) routines is to
check for response from each detector in the system. Messages
are printed both when a detector malfunction occurs and when

it returns to service. Each detector is assigned a maximum
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allowable number of minutes for no response before corrective
procedures are initiated. This same logic is used to check

for malfunction of ramp signals.

MLINE (Figure D-8) is the routine which performs all
the communication with the operator once the system is
operational. It prompts the writing of messages by the
typewriter and the writing of data onto the disk, the latter

taking place once each minute.

Information desired on the digital display unit is called
for by the use of the DROUT routine (Figure D-8). The type
of information desired is selected by manually operating the
three, eight-position rotary switches on the display panel

discussed previously in this appendix.

The CKSYS and LEVCK (Figure D-9) routines check for
successful completion of all scheduled tasks. If all tasks
were not completed, it is assumed that the computer is out
of ser&ice and an IBM system RELOAD operation is automatically
forced. The following two criteria are used for determining

successful completion of all tasks.

1. A flag is set once a minute in one of the
skeleton routines (TAC) which must be set to zero
in one of the mainline core loads (COMP). This
indicates that core loads are being processed and

that all skeleton routines are executing.
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2. Response must be received from a low-level interrupt
(LEVCK) which indicates that all high level inter-

rupts have been processed.

Sub-routines OCCOL and COLMT (Figures D-10 and D-11)
control the actual data collection and ramp metering. OCCOL
collects occupancy information from all freeway and queue
detectors. COLMT is called from OCCOL every 100 milliseconds

through a CALL LEVEL (see Table D-1).

COLMT collects volume information from all the detectors
in the corridor and performs the ramp metering operations.
Two subroutines are utilized by COLMT, one for the one-at-a-
time metered ramps (M1ATM) and one for the bulk service

ramps (M1SPC).

After each metered ramp has been processed, a digital
word is set up and sent to the field. This word is logically
combined with a word from the power-on-and-off routine (see
below) to insure that signals are not turned on unless

scheduled.

The CLTAC and TAC routines (Figure D-12) control the
transfer of the data from the previous minute to a special
output table which in turn is transferred to a memory disk
by MLINE. Data transferred includes volumes, occupancies,
metering rates, number of signal changes, and digital output
states. In addition, CLTAC synchronizes all time dependent

functions.
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The POWON routine (Figure D-13) is provided to set the
mask to control power to the signals and information signs
in the field. It is called from a programmed timer at
variable intervals. The mask routine is used to perform a
mask operation which prevents interrupt recognition on the
designated .levels. The status of levels not designated is

unchanged.

The routine entitled PUSHB (Figure D-14) accepts requests
to change metering rates and/or type of information being
displayed through the digital display unit. It then queues

the appropriate core loads for further action.

When the CE interrupt, an IBM maintenance feature, is
employed, the programs associated with it exist with all
interrupt levels masked. In order to correct this condition

the CEINT is included.

The CEINT routine (Figure D-15) is called from the console
interrupt routine CONIN. The CE interrupt is used during

the pause in CEINT.

Figures D-16 and D-17, respectively, provide the logic

for one-at-a-time and bulk metering.

All of the features presented in this appendix form the
total real-time Freeway control and surveillance system. As

described, parts of the operation can be performed manually
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and in fact, this capability makes it possible for a most
reliable back-up system in the event of computer malfunction.
This manual back-up system, however, could never be operated
so that it would fully and accurately reflect true field

conditions.
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APPENDIX E

DRIVER OBSERVANCE STUDY

This appendix briefly discusses the methods utilized
to collect data concerning driver sighting and behavior
toward the 19 new dynamic route guidance signs installed
for this research project. The studies were performed in
two separate series; one late in 1969 and the other early

in 1970. Both occurred during the winter season.

The first series was conducted under the direction of
the Human Factors group of the Highway Safety Research
Institute. In it, volunteer test subjects were routed past
the Variable Message Sign, Ramp Information Signs, Trail-
blazer Signs, and the Chicago Boulevard Blank-out Sign. As
the subjects were routed through the test route, the study
supervisor recorded whether they reported sighting the sign
as well as recording their behavior. The instruction read
to each subject individually is shown as Table E-1 and the

field coding sheet as Figure E-1.

In the second series of observance tests (see Table E-2
and Figure E-2 for instructions and field sheets) additional
signs were studied. This study was conducted under the super-
vision of the project staff since the same procedures and
format were utilized as in the first series. The primary
additional sign covered in this study was the Davison Express-
way Blank-out sign. In addition, Ramp Information and Trail-
blazer signs and the Chicago Boulevard Blank-out Signs were

studied again to increase the sample size.
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TABLE E-1

INSTRUCTIONS

(First Series)

The experiment you are taking part in today concerns
your ability to read and obey traffic regulation and
information signs under normal traffic conditions. The
signs we will be most concerned with will be those which
direct you to the John C. Lodge Freeway. When you see such
a sign, I want you to tell me and then I want you to obey
its message. Most of these signs look similar to this.
(Show picture of sign.) A lighted arrow on the sign informs
you which way to go. It is your responsibility to obey
those directions. 1In addition, we will pass a large infor-
mation sign which may show any of several messages concerning
Freeway entrance. When you see it, read the lighted message
to me and obey it. I will also be giving you some verbal
directions as we drive which you are expected to follow. At
all times, drive within the speed limit and other traffic

laws.

Remember; tell me when you see a Freeway directional
sign and obey its message, read aloud the lighted portion
(if any) on Freeway information signs (if you see an un-

lighted information sign, tell me) and obey its message,
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follow my verbal directions, and obey traffic laws. I
will not be able to give you any other information once

we have started.
Do you have any questions?

0.K. ignore comments I make over the radio as they
are immaterial to your task. They will merely inform the

Center of our location.
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DRIVER OBSERVANCE STUDY FIELD SHEET

(First Series)

Name Weather

Traffic

Date _ Time

Report Behav.

Comments

Wilson
point East

Hamilton North
point West

Oakman West
point West

Webb East
point East

Seward West
point West

; Info.
Variable Sign 1

Info.
2

Info. .Info.
3 4

Blank

Service &
Seward

Service &
Chicago

“Service &
Hamilton

Second &

Seward TB1

TB2

TB3

Second &
Chicago

Second &
Webb

Blankout

FIGURE E-

1

DRIVER OBSERVANCE STUDY FIELD SHEET
(FIRST SERIES)
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TABLE E-2

INSTRUCTIONS

(Second Series)

The experiment you are taking part in today concerns
your ability to read and obey traffic regulation and
information signs under normal traffic conditions. The
signs we will be most concerned with will be those which
direct you to the John C. Lodge Freeway (north or north-
bound). Some of these signs may be illuminated. When you
see such a sign, I want you to tell me and then I want you
to obey its message. The message may direct you to take a
particular street or streets to reach the Freeway. If so,
try to find the particular street or streets. I will also
be giving you some verbal directions as we drive which you
are expected to follow. At all times, drive within the

speed limit and obey other traffic laws.

I will not be able to give you any other information

once we have started. Do you have any questions?
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DRIVER OBSERVANCE STUDY FIELD SHEET
(Second Series)

Name Weather Traffic

Date Time
Report Behavior Comments

Chicago Blankout

Hamilton

Webb

Freeway '

Davison Blankout

Twelfth

Fenkell

FIGURE E-2

DRIVER OBSERVANCE STUDY FIELD SHEET
(SECOND SERIES)
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APPENDIX F

PUBLIC INFORMATION ACTIVITIES

One of the most vital aspects of a project aimed at
providing motorists with road condition and routing infor-
mation through innovative signing techniques is assuring
driver understanding of the sign messages conveyed. An
intensive, area-wide campaign utilizing all mediums of

communication is essential in accomplishing this purpose.

Appendix B of the report on the Ramp Information signs
installed in the John C. Lodge Freeway Corridor describes
a rather extensive public relations activity which produced
less than satisfactory results (26). The campaign effort

(Evaluation of a Dynamic Freeway Ramp Entry Guidance System)

included the distribution of an explanatory leaflet at
Freeway entrance ramps, the preparation and dissemination of
a press release to all major television and radio networks
and to the two major daily and all major weekly newspaper
publications in the Detroit area, a press conference which
resulted in several newspaper articles and television inter-
views and the appearance of material on the ramp condition
information signs in office publications in the New Center
area, the largest area of traffic generation for the Lodge

Freeway Corridor.
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The combined efforts of this campaign reached only
approximately half of the Lodge Freeway users as deter-
mined through a study conducted by a return mail question-
naire (26). While it was initially planned to carry out
a similar, yet slightly less extensive public relations
campaign for the dynamic routing signs reported on in this
report, the questionnaire results prompted a reevaluation
of plans. As the extended campaign necessary to reach more
motorists than had been reached through the previous effort
would have been too costly, it was decided to limit efforts.
This was felt to be justified not only because of the
monetary savings involved, but also because of the simpler
message conveyed by the majority of the Route Guidance

- Signs.

Early in November during the installation of the
dynamic message signs, an informational report (Figure F-1)
was issued to all Detroit and suburban newspapers and to
radio and television stations. During this same period,
the Principal Investigator participated in a Sunday morning
"talk show" sponsored by the Traffic Safety Association of
Detroit. The purpose of the program and of the news
advisory to local media was to introduce listeners to the
concept of an alternate route and to inform them that a
new series of signs would soon appear on the Northbound
Lodge Freeway to help guide them on the alternate route

when the Freeway was congested.

208



[’\{IEWS .. . FROM THE IIN.IVERSITY OF MICHIGAN

NEWS SERVICE, 6014 ADMINISTRATION BUILDING ANN ARBOR, MICHIGAN 48104
October €, 1969 (18)
Contact: Chris Carey
Phone: T7E€4-T7260

FOR IMMEDIATE RELEASE

EDITORS: Prof. Donald Cleveland, director of the Lodge Freeway information-
gign project for U-M's Highway Safety Reeearch Institute, will be available
for interviews in Detroit on Wednesday (Oct. 8). You may call him or
research engineer Karl Kleitsch in Ann Arbor at 7€3-1451 or in Detroit at
872-0750. :

ANN ARBOR---Eighteen new signs are being installed in the Detroit's
John C. Lodge Freeway corridor to help northbound motorists move faster.

The work, veing done by the University of Michigan Highway Safety
Research Institute, will affect traffic between the New Center area and the
Lodge-Wyoming interchange.

Since early last June electronic signe have been guiding motoriste onto
the Lodge or advising-them to avoid it., The signe get the information from
a computer, which instantly analyzes traffic flow as measured by buried and
overhead sensors. .

One of the new signs, on westbound Grand Boulevard near Second Avenue,
can display seven different messages. Depending on traffic flow, the sign
will advise which ramp provides quickest access to the freeway or which
surface streete to use when the freeway is congesgted.

A second eign, a "blank-out,” 1s attached to the Hamilton Avenue bridge
on the westbound Davison expressway. When the Davison-Lodge ramp is
congested, the sign advises motorists to continue on Davison to 12th Street,
then go north, rather than enter the freeway at Davison. By entering the
freeway farther north, the motorist is able to avold waiting in line.

The remaining 16 sign&, known as "trailblazers,” guide the motorist on
surface streets through the corridor to the freeway. Depending on traffic ,
conditions, one of two arrows on the signs ig iliuninated to recommend the

quickest route to the freeway.

FIGURE F-1
INFORMATIONAL PRESS RELEASE
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Page 2

In addition to the new signs, the number of detectors in the freeway
corridor has been increased. Approximately 30 new detectors, located on the
freeway and the etreets which offer alternaﬁe routes, will supply the
computer with information which is then passed on to motorists by the new
gsigns.

The entire system of ramp information signs, the new signs, and
detectors will give the northbound motorist up-to-the-minute knowledge of
the constantly changing traffic conditions. By following the advice given
by the system, northbound motorists will be able to reach their
destinationg with minimum delay.

Several city, state, and national agencies are asgieting the Highway
Safety Research Institute with this project. These agencies include the
Detroit Department of Streets and Traffic, the Detroit Public Lighting
Commisgion, the City of Highland Park, the Wayne County Road Commission,
and the Michigan Department of State Highways. The research is sponeored
by the Highway ﬁesearch Board of the National Academy of Sciences.

I EEEEEEEE
(HSRI, Cleveland)(Wayne, Oakland, Detroit Radio & TV) bjw

FIGURE F-1
(CONTINUED)
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Staff writers of both the Detroit News and Detroiq

Free Press who had written articles on the Ramp Information
Signs, and who had responded to the informational press
release, were contacted and were again given information

on the signs when they became operational. The operation
of the signs and the review of the concept of an-alternate
route joining the Freeway downstream from the major sites
of congestion were the main points of emphasis (Figure F-2).
One initial article announcing the inauguration of usage

of the new signs resulted from contacts with press repre-

sentatives. This article appeared in the Detroit Free

Press about one week after the signs became operational
(Figure F-3). Several days later, the Free Press carried

a follow-up article (Figure F-4) which reviewed Lodge
Freeway research activities beginning with national Proving
Ground research in the mid-1950's and summing up with the
formation of the Detroit Freeway Operations Unit Technical

Advisory Committee (5).

As stated above, it was initially planned to design
and print an explanatory leaflet on the dynamic routing
signs similar to that prepared for the ramp condition
information signs (26). The high costs of art work and
color printing, however, precluded the production of such
a leaflet. 1In its place, a more simple, typed and hand-

inked explanation of the signs was prepared by project staff
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HIGHWAY SAFETY RESEARCH INSTITUTE
Institute of Science and Technology

Huron Parkway and Baxter Road
Ann Arbaor, Michigan 48105

THE UNIVERSITY OF MICHIGAN December 5, 1969

Attention: News Editor

Eighteen new dynamic traffic signs have been installed and
are presently being operated in the John C. Lodge Freeway Corridor
by the Highway Safety Research Institute of The University of

- Michigan. The signs are part of a continuing research project
studying the effectiveness of providing motorists with information
on traffic conditions in an attempt to improve traffic flow. The
pgoject has already installed several traffic innovations such as
the ramp condition information signs operating at eight northbound
entrance ramps.

The new signs, known as variable message signs, display a
recommended route for traffic to follow through the Freeway Corridor.
If followed, motorists will move through the Corridor with minimum
delay. Traffic from the New Center Area north and west to Wyoming
will be affected.

One sign displays as many as seven messages, depending on the
level of congestion on nearby ramps and the Freeway. Another sign
routes drivers away from the Davison to Lodge on-ramp when Lodge
traffic is heavily .congested. Sixteen other signs guide motorists
through the Corridor along the best route to the Freeway itself.

For further information about the new signs and the entire
research project, Dr. Donald E. Cleveland, Principal Investigator,
ox Dr. R; L. Pretty of the Highway Safety Research Institute, will
be pleased to be available for interviewing. Arrangements may also

be made to photograph the signs in operation.

For information and appointments, please contact Dr. Cleveland
or Mr. Karl Kleitsch in Ann Arbor at 313/763-1451 or at 872-0750

in Detroit.

FIGURE F-2

DESCRIPTION OF DYNAMIC
ROUTE GUIDANCE SIGNS
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ON GUARD FOR 140 YEARS

December 2, 1969

New Signs Tell Motorists
Whether to Use Freeway

BY ROBERTA MACKEY
Free Press Staft writer

Eighteen new signs around
the Lodge Freeway may help
- northbound = motorists get
there faster by going slower,

The signs were installed a
week ago In the mnorthbound
corridor beginning at W.
Grand Blvd. They are design-
ed to tell motorists on sur-
face streets the best route
to the far end of the freeway
during rush hour.

If there's a tie-up on the
freeway or one of ils ap-
proaches, arrows will advise
"them to stay on Second, or
Puritan, or Fenkell, where
the speed limit is lower but
traffic is moving.

42 THE SIGNS are part of an

experiment by the Highway
Safety Research Institute of
the University of Michigan,
co-operating with the Detroit
and Highland ‘Park street de-
partments.

The goal is to keep traific
moving smoothly by making
the best use of all available
Toutes.

Fifty detectors have been in-
stalled at key points in the
area to monitor traffic condi-
tions and flash the word to a
computer installed in one of
the Herman Kiefer Hospital
buildings.

The computer, the same one.
<wvhich controls the signs at
eight entrance ramps, will de-
cide whether arrows on the

Photograph of
Trailblazer Sign

Free Press Pheole

Lodge Frceway’s new look

new slgns should direct the
motorist left toward a freeway
entrance or siraight ahead on
a less congested street.

The signs are located on W.
Grand Blvd. near Cass, where
a considerable volume of traf-
tic heads north and west to
the freeway. and at ‘“decision
points" on Sccond, Hamilton,
the Lodge Service Dr., Puri-
tan, McNichols and Fenkell
and on the Davison Freeway
at the Lodge interchange.

ALL THE MOTORIST has

FIGURE F-3

to do is follow the sizns, but
that is not as simple as it
sounds,

“It's harder to make the de-
cision to follow the arrow
than it is to follow the tried
and true way,” says Dr. Don-
ald Cleveland, director of the
project. )

. The signs, which operate be-

tween 2:30 and 6:30 p.m. and
can change about every four
minutes, are less complicated
than the ones installed last
spring tn ramp entrances.

PRESS ANNOUNCEMENT AND DESCRIPTION
OF DYNAMIC ROUTE GUIDANCE SIGNS
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ON GUARD FOR 140 YEARS

December 7, 1969

Photograph of

Rush Hour Traffic Jam

The Lodge--a national proving ground
Lodge Freeway a Guinea Pig

- For Traffic ExperimemS

b -

BY ROBERTA MACKEY

aa. Free Pross Staft Wriler
When traffic engineers speak
of the John Lodge freeway as
the “national proving ground”
they are not inviting you to
test the top speed on your
Corvette.

They are testing ways of
keeping tratflc moving at vea-
sonable specds and motorists’
reaction to various traffic con-
trol devices,

They've been at it for years.
Northbound drivers have en-
dured the appearance and dis-
appearance of assorted ar-
rows, flashing lights and oth-
er advisories.

Just last week 18 new signs
appeared on six streets that
parallel the freeway. They
advise unorthbound motorists

‘ whether to head for a nearby
.Tamp or continue on the sur-
face’ street.

The new signs were installed
as ‘part of the experimental
.pregram being conducted by
the " University of Michigan
Highway Research Center in
co-operation with local, coun-
ty and state highway depart-
ments.

THE FEXPERIMENTING be-
gan in 1055 when the city of
Detroit  installed television
oameras on two overpasses.

City’ officials gathered in the
Veterans Memorial to watch
their private road show sand
declared it a hit,

They learned a lot of useful

facts about the flow of free-
way traffie, and the two cam-
eras were the forerunner of
the first full-blown project.

In 1960, 14 cameras were

installed in the 3.2-mile stretch
of freeway between W. Grand
Blvd.
proved that an electronic eye
is invaluable in spotting trou-
ble and in helping to clear ob-
stances out of the way as
quickiy as possible,

and Davison, They

Within a conple more years,

slgns were installed over each
lane, using information from
the television to Indicate by a
green arrow or a red X wheth.
er the lane was clear ahead.

Motorists gradually leavned

to believe the signs, and ex-
cept for a few incurables they
got in the habit of changing
smoonthly to another lane when
theirs was blacked. ’

Having served their exper!-

mental purpcse, the lane sigus
were eventually taken out of
sorvice, oxcept for rare oc-
caslons when workmen are at
work on the freeway.

THE RED AND green lane

indicators were soon joined

FIGURE F-4

by the not-so-successful flash-
ers which indicated an accept-
able speed limit. Motorists
erawling along at 10 miles an
hour behind an accident were
either enraged or frustrated
by the news that they could
be going 40 miles an hour.

They never got the signs’
real message: That the road
ahead would soon be clear,
and they might then be able
to po as fast as 40.

There was also a time lag
bhetween the actual situation
and the change in the speed
sign, and there was danger
of drivers moving too fast for
the current traffic condition.

Next, the research team
turned their atlention {o the
entry ramps. Blg signs that
flashed the warning “don't
enter” were installed at nine

ramps. They were controlied
by a system of electronic con-
sors, connected to a computer,

They were used malnly
when traffic was congealed.
The expcrimenters tried for a
while using the signs to warn
of mere congestion, but out-
raged drivers complained that
they were being denied the
use of the frerways their tax
money had puid for. They ig-
nored the signs.

NEWSPAPER ARTICLE REVIEWING HISTORY
OF LODGE FREEWAY RESEARCH
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In 1967, meters that flash
red and green, to allow one
driver at a time to enter the
freeway, were installed on the
ramps, and once some kinks
were ironed out, they were de-
clared a great success,

According to Dr. Robert
Pretty, associate research
engineer on the project, the
meters have contributed more
than anything else to & smooth
tlow of traffic.

By cutting out the siop-
start pattern that results from
{00 many cars trying to enter
at once, the meters have
speeded up -traffic and cut
down on accldents,

IN JUNE, AS a stab at cur-
ing the ramp congestion
cause by the meters, eight
map-like signs were erected
at the top of the ramps. A
complicated arrangement of ar-
rows indicates whether the
motorist would be better off
to enter the closest ramp or
proceed to another ane.

The engineers are now try-
ing to evaluate their effective-
ness. The resulis of a ques-
{ionneire passed out to drivers
on the ramps are being fed
into a computer, and the re-
action should be available
so0n.

The latest effort is directed
at motorists on Second, Ham-
ilton, the Lodge Service Drive,
Fenkell, Puritan and McNich-
ols, It is a simple combina-
tion of arrows, one pointing
to the freeway, which is turn-
ed on if the freeway approach
is clear. Another arrow point-’
ing straight ahead flashes if
the frecway route is clogged.

Lights have been synchron.
ized on the parallel sirects to
keep trafflc moving as
smoathly as possible, and the
research team feels that me.
torists who elect to stay off
the freeway may make better
time on short trips.

Because the whole effort la
experimental, financed large-
ly by a branch of the National
Instilite of Science, the deci-
sion about extending the use
of ,any of the devices rests
with local authorities.

The television cameras will
be taken out of service this
month. ‘They have served their
experimental purpose, and
they are wearing out.

Meanwhile, state and local
authorities have formed the
Detroit Freeway Operations
Commiittee to plan how to put
the information gained to use
throughout the freeway sys-
L tem.



members (Figure F-5). This "leaflet" was provided to
individuals who inquired about or commented on the route

guidance signs.

Additional public exposure was received for the pro-
ject at the time of the dedication of The University of
Michigan's Highway Safety Research Institute building which,
among many other things, housed the project administrative
offices. At this time, The University of Michigan News
Service issued press releases on the various activities of
the Institute (Figure F-6). One such release dealt with
the Lodge Freeway Project and was carried in many local
Ann Arbor and Detroit area papers. While the release and
subsequent articles did not deal specifically with the
dynamic trailblazer signs, it did review the basic idea
behind the research and all the signs which were installed
in the Lodge Corridor. It is believed that this type of
exposure, reminding the public that work is going on to try
to alleviate the frustrating dilemma of peak period traffic
problems is as valuable as a specific press release in that
it serves as a constant reminder making people more con-
scious and hopefully more willing to obey the experimental

sign.
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Eighteen new signs have just been installed in the John C.
'Lodge Freeway Corridor. The signs operate during the 2:30 to
6:30 p.m. peak traffic period. The purpose of these signs is
to tell you the best route to follow through the northbound

Freeway Corridor to reach your destination with minimum delay.

The new signs are part of a continuing system of innovations
in Freeway Corridor travel installed by the Highway Safety
Research Institute of The University of Michigan. Already in
operation are traffic signals to aid in entering the ramps,
driver information signs located at Frecway entrance ramps,
electronic detectors which measure the number of cars at
various locations, and a computer to calculate th; best

information to be given to the motorist.

The signs are used to direct motorists to one of sevgral
alternate northbound routes. These routes follow streets running
close to the Freeway which can accomodate many more cars than
they do at present. These streets provide quick travel through
the Freeway Corridor, often in less time than on the Freeway
when it or the entrance ramps are heavily congested. There are
many routing patterns which you can follow to travel north
through the Freeway Corridor and the dynamic sign system tells

you which route will require the shortest travel time.

Several city, state, and national agencies are cooperating
with the Highway Safgty Research Institute in finding ways of
improving Freeway travel conditions. Tﬁese agencies include the
Highway Research Board of the National Academy of Sciences, tﬁe

City of Detroit Department of Streets and Traffic and Public

FIGURE F-5

EXPLANATORY LEAFLET
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~Lighting Commission, the Michigan Department of State Highways,

the Wayne County Road Commission, and the City of Highland Park.

The largest and most complex of the new signs (Example 1)

NORTHBOUND LODGE FREEWAY

ATIILD USE SERVlCE DRNE |
[ AND SEWARD RAMP | T
| =2

s =

; [
1 ' I’ »

INORTHBOUND LODGE FREEWAY

DELAY AHEAD

ﬁ USE SECOND AND
| SEWARD

— s —

l——

EXAMPLE 1

is located on westbhound West Grand Boulevard between Cass and
Second Avenues. This sign, capable of displaying seven different

messages, tells you the best ramp at which to enter the Lodge

Freeway and the best route to follow to arrive at that ramp.

1f the ramp at West Grand Boulevard is uncongested and the
Freeway is flowing well at this point, two large green arrows,

indicating a throngh and right turn movement, will be dilluminated.

FIGURE F-5

(CONTINUED)
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In addition, two short bars at the right side of each arrow will
be illuminated in green. These bars represent Second and Third
Avenues respectively. You are being advised to go past these
streets (which are the next two you approach) to make a right turn
at the third intersection (the Lodge Service Drive). You can then

enter the Freeway by the West Grand Boulevard ramp.

If there is heavy congestion on this ramp, you may be advised
to proceed as before to the Service Drive (bypassing Second and
Third Avenues as again indicated by short green bars) and then
move north on the Service Drive to a specific ramp (Seward or
beyond), the best point for entering the Freeway. This information
is provided by a red neon message. One large green arrow with
the short bars is illuminated to indicate a right turn at thé

Service Drive.

If there is heavy congestion at the Boulevard and other ramps
or on the Southern end of the Freeway, you will be advised to use
Second Avenue. Second Avenue has greater capacity than the
Service Drive and leads to a network of streets (alternate routes)
which direct you to the Freeway or through the Corridor with
minimum delay. The sign reads "DELAY AHEAD. USE SECOND AND....",
informing you of an uncongested nearby ramp or a recommended
street to follow. This message is displayed in red neon‘lettering,
and a large green right-turn arrow is illuminated to indicate

a right turn at Second, the next intersection.

This sign gives you, the driver, more information than you
really need at this point. It starts you on the route which will
lead you to the Freeway at Meyers and beyond in the shortest time.
All along your suggested route, you will encounter additional
dynamic signs which are constantly up-dated by the computer whiéh

is receiving information from over fifty traffic .speed and flow

FIGURE F-5

(CONTINUED)
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detectors located throughout the éorridor. The most recently seen
éign gives you the best possible route at the moment you pass it.

Naturally, when the Freeway is flowing freely, you are directed to
enter at the first uncongested ramp regardless of your approach to
the study area. If, however, portions of the Freeway or entrance

ramps are badly congested, you are told the best streets to use

to reach a ramp located farther north. Sixteen signs (Example 2)

DESIGN A DESIGN B
-5
NORTHBOUND NORTHBOUND
LODGE |! | LODGE
FREEWAY FREEWAY
ezzzIriIIs: {‘;, (}.::::::::::
F—_-——_-31‘~—___h-4JL
~
NORTHBOUND !
Looge || 17
FREEWAY
4 6" -
DESIGN D
NORTHBOUND i
. LODGE FREEWAY ||
]
< : =

<

T

7
EXAMPLE 2

FIGURE F-5

(CONTINUED)
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located at decision points through-out the Corridor and eight
signs located near entrance ramps provide up-to-the-minute
directions to supplement the information given by the West Grand
Boulevard sign. Painted signs confirm that you are on one

of the approach routes which is being monitored.

To solve the serious traffic congestion at the Lodge

Freeway and the Davison Expressway, a sign (Example 3)

LODGE FREEWAY NORTH T
DELAY AVOID RAMP 3
USE I12TH ST. _l,
¢ 10' »
‘ EXAMPLE 3

facing westbound Davison traffic helps you to minimize delays
at this point. When the Davison ramp to the Lodge Freeway is
congested, you are advised to continue on the Expressway to
Twelfth Street. Here you are immediately given further
information by the sign system regarding the best ramp to use

for entering the Freeway.

FIGURE F-5

(CONTINUED)
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MEW$ .. FROM THE UNIVERSITY OF MICHIGAN

NEWS SERVICE, 6014 ADMINISTRATION BUILDING ANN ARBOR, MICHIGAN 48104

October 2, 1969 (5)
Contact: Bill Hampton
Phone: 764-7260

FOR _IMMEDIATE RELEASE

DETROIT--If five o'clock traffic ever trapped you on the expressway,
or if you ever felt you were taking your life in your hands trying to
get across a crowded city street, you've probably asked yourself whether
there isn't a better way of doing things.

Researchers from the University of Michigan's Highway Safety
Research Institute (HSRI) in Ann Arbor think there is a better way. They
are now working on two projects in Detroit designed to make life easier
for freeway drivers and for city pedestrians.

The HSRI traffic engineering team is led by Prof. Donald E. Cleveland
of the U-M's civil engineering department. One of his projects involves
testing traffic information and control devices on and around Detroit's
John C. Iodge Freeway. A second‘prqject tests devices to control pedes-
trian traffic and to let motorists know where to look for them. The
freeway project uses a number of neon "yariable information signs" which
tell drivers how to get to the Lodge Freeway by the quickest route, and
advises them which entrance rampe are least congested.

What the signs say is governed by a computer on the grounds of
Herman Keifer Hospital near the freeway. The computer makes its decicions
based on data coming in from a network of more than 50 vehicle-counting
and speed-measuring sensors located on the Lodge Freeway itself and on
adjacent routes in the system.

The first variable information signs were installed at thé approaches
to eight northbound Lodge Freeway entrance ramps one year ago. This
month (September 1969), the HSRI researchers are installing 18 more signs
in the area.

‘ Sixteen of these new "trailblazer" signs, including one capable of
displaying any of seven messages, will tell motorists the easiest way to
get to the Lodge expressway from cther freeways and thorofares. When the
new signs are in operation in early October they'll ﬁe able to direct
motorists up to six miles along less busy through streets to avoid Jammed
entrance ramps and crowded freeway conditions.

The current work is sponsored by the Highway Researcn Board of the

National Academy of Sciences and by state and local highway agencies.

" FIGURE F-6

PRESS RELEASE REVIEWING BASIC
CONCEPT OF LODGE RESEARCH
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APPENDIX G

DATA FROM TRAFFIC ROUTING STUDY AT TEN
DYNAMIC ROUTING INFORMATION SIGNS






TABLE G-1

OBSERVATION OF TRAFFIC ROUTING AT SIGN 1:
WEST GRAND BOULEVARD (WGB) AT SECOND*

Time

of Sign Route Used Total | Statistical
Day Indication WGB | Second Users | Significance
3:00- WGB 526 215 741 N.S.
3:45 Second 253 133 386

p.m. Total 779 348 1127

3:45- WGB 542 210 752 N.S.
4:30 Second 263 101 364
pP.m. Total 805 311 | 1116

*Note: This observation was part of a license plate
study, with the messages indicated as.follows:

3:00 - 3:15 p.m, (WGB)
3:15 - 3:30 p.m. USE SERVICE DRIVE AND SEWARD RAMP '(WGB)
3:30 - 3:45 p.m. DELAY AHEAD USE SECOND AND SEWARD (Second)
3:45 - 4:00 p.m. _ (WGB)
4:00 - 4:15'p.m. USE SERVICE DRIVE AND SEWARD (WGB)

4:15 - 4:30 p.m. DELAY AHEAD USE SECOND AND SEWARD (Second)

The study was completed 'in one day.
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TABLE G-2

OBSERVATION OF TRAFFIC ROUTING AT SIGN 3:

SECOND AT SEWARD

Time Route Used

of Sign Total Statistical
Day Indication| Seward | Second Users Significance
3:30- Seward . 102 760 862 N.S.
4:00 Second 76 753 829

p.m. Total 178 1513 1691

4:00- Seward 72 876 948 N.S.
4:30 Second 85 896 981

p.m. Total 157 1772 1929

4:30~- Seward 141 1344 1485 N.S.
' 5:00 Second 162 1489 1651

p.m. Total 303 2833 3136

5:00- Seward 133 1515 1648 N.S.
5:30 Second 168 1801 1969

p.nm. Total 301 3316 3617
Over- Seward 448 4495 4943 N.S.

all Second 491 4939 5430

Total 939 | 9439 10373
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TABLE G-3

OBSERVATION OF TRAFFIC ROUTING AT SIGN 4:

SEWARD AT SECOND

Time Route Used :

of . Sign Total Statistical
Day | Indication | Seward|Second Users Significance
3:30- Seward 91 22 113 N.S.
4:00 Second 92 30 122

p.m. Total 183 52 235

4:00- Seward 93 24 117 N.S.
4:30 Second 92 23 115
p.m. Total 185 47 232

4:30- Seward 112 45 157 N.S.
5:00 Second 111 44 155

p.m.’ Total 223 89 312

5:00- Seward 149 53 202 N.S.
5:30 Second 109 . 55 164

p.m. Total 258 108 366

Over- Seward 445 144 589 N.S.
all Second 404 152 556

Total 849 296 1145
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TABLE G-4

OBSERVATION OF TRAFFIC ROUTING AT SIGN 6:
SECOND AT CHICAGO

Time
of Sign Route Used Total Statistical
Day Indication | Chicago| Second Users Significance
3:30- Chicago 86 533 619 | N.S.
4:00 Second 72 541 613
p.m. Total 158 1074 1232
4:00- Chicago 100 624 724 : H.S.'
4:30 Second 83 829 912
p.m. Total 183 1453 1636
4:30-~ Chicago 150 1033 1183 S.
5:00 Second 92 880 972
p.m. . Total 242 1913 2155
5:00- Chicago 181 1229 1410 S.
5:30 Second 130 1179 1309
p.m. Total 311 2408 2719
Over- Chicago 517 3419 3936 H.S.
all Second 377 3429 3806
Total 894 6848 7742
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TABLE G-5

OBSERVATION OF TRAFFIC ROUTING AT SIGN 7:

HAMILTON AT CHICAGO

Time

of Sign Route Used Total Statistical
Day Indication | Chicago | Hamilton Users Significance
3:00- Chicago . 156 368 524 N.S.

3:30 Hamilton 173 534 707
p.m. Total 329 900 1231

3:30- Chicago 174 523 697 N.S.
4:00 Hamilton 156 476 632
p.m. Total 330 999 1329

4:00- Chicago 162 534 696 N.S.

4:30 Hamilton 172 693 865
p.m.. Total 334 1227 1561

4:30- Chicago 203 697 900 N.S.

5:00 Hamilton 208 705 913
p .. Tctal 411 1402 - 1813
Over- Chicago 695 2122 2817 N.S.
all Hamilton 709 2408 3117

Total 1404 4530 5934
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TABLE G-6

OBSERVATION OF TRAFFIC ROUTING AT SIGN 8:
CHICAGO AT HAMILTON )

Time :

of Sign Route Used Total Statistical
Day Indication [Chicago | Hamilton Users -Significance
3:00- Chicago 220 21 241 N.S.
3:30 Hamilton 310 27 337

p.m. Total 530 | 48 578

3:30- Chicago 344 | 37 381 N.S.
4:00 Hamilton 319 40 359

4:00- | Chicago 358 | 41 399 N.S.
4:30 Hamilton 349 ! 44 393

p.m.’ Total 707 85 792

4:30- Chicago 371 54 425 N.S
5:00 Hamilton 375 50 425
p.m. Total - 746 104 850

Over- Chicago 1293 153 1446 N.S.
all Hamilton 1353 161 1514
Total 2646 314 2960
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TABLE G-7

OBSERVATION OF TRAFFIC ROUTING AT SIGN 12:
WOODROW WILSON AT WEBB

Time ‘ Route Used

of Sign Total Statistical
Day Indication [Webb |W. Wilson Users Significance
3:30~ Webb 25 65 90 N.S.
4:00 W. Wilson 21 79 100 ‘

p.m. Total 46 144 190

4:00~ Webb 16 79 95 N.S.
4:30 W. Wilson 20 92 112
p.m. Total 36 171 207

4:30- Webb 20 88 108 N.S.
5:00. W. Wilson 19 109 128

p.m. Total 39 197 236

5:00- Webb 25 127 152 N.S.
5:30 W. Wilson 9 95 104

p.m Total 34 222 256

Oover- Webb 86 359 445 N.S.

all W. Wilson 69 375 444

Total 155 734 889
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TABLE G-8

OBSERVATION OF TRAFFIC ROUTING AT SIGN 13:
WEBB AT WOODROW WILSON

Time

of Sign i Route Used Total Statistical
Day Indication |Webb | W. Wilson Users Significance
3:30- Webb 236 8 244 N.S.
4:00 W. Wilson 227 17 244

p.m. Total 463 25 488

4:00- Webb 208 9 217 N.S

4:30 W. Wilson | 193 12 205
p.m. Total 401 21 422

4:30- Webb 220 3 223 H.S.
5:00 W. Wilson | 178 13 191
p.m. Total 398 16 414

5:00- Webb 214 13 227 N.S.
5:30 W. Wilson | 183 9 192
p.m. Total 397 22 419

over- Webb 878 33 911 S.

all W. Wilson 781 51 832

Total 1659 84 1743
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TABLE G-9

OBSERVATION OF TRAFFIC ROUTING AT SIGN 14:
HAMILTON AT DAVISON SERVICE DRIVE

Time ,

of Sign Route Used Total Statistical
Day Indication |Davison!|Hamilton Users Significance
3:00- Davison 113 463 . 576 N.S.

3:30 Hamilton 33 183 216 ’
p.m. Total ' 146 646 792

3:30- | Davison 85 403 488 N.S.

4:00 Hamilton 87 401 488 :
p.m, Total 172 804 976

4:00- Davison 71 391 462 N.S.

4:30 Hamilton . 75 392 ‘ 467 -
p.m. Total 146 783 929

4:30- Davison 133 556 689 N.S.

5:00 Hamilten 109 568 677

p.m Total 242 1124 1366

Over- Davison 402 1813 2215 N.S.

all Hamilton 304 1544 1848

Total 706 3357 4063

233




TABLE G-10

OBSERVATION OF TRAFFIC ROUTING AT SIGN 15:
DAVISON SERVICE DRIVE AT HAMILTON

Time

of Sign Route Used Total Statistical
Day Indication [Davison |Hamilton Users Significance
3:00~ Davison 313 63 376 N.S.
3:30 Hamilton 115 27 142
p.m. Total 428 90 518

3:30- Davison 337 52 389 N.S.
4:00 Hamilton 346 42 388
p.m. Total 683 94 777

4:00~ Davison 348 67 415 N.S.
4:30 Hamilton 323 52 375
p.m. Total 671 119 790

4:30- Davison 347 74 421 N.S.
5:00 Hamilton 321 72 393

p.m. Total 668 146 812
Over- Davison 1345 256 1601 N.S.
all Hamilton 1105 193 1298

Total 2450 449 © 2899
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APPENDIX H

"Excerpts From"
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

_ Highway Research Board
National Academy of Sciences-National Research Council

FY '67

Project Statement

Research Project Title:

Optimizing Freeway Corridor Operations Through Traffic

Surveillance, Communication, and Control

General Problem Area:

Special Projects
Research Problem Statement:

To meet present and future traffic démands, the combined
freeway and surface street system must operate more effi-
ciently. Freeways through heavily developed areas have
limited right-of-way which prevents, on an economic basis,
their reconstruction for increased capacity. Practical
measures for increasing operational efficiency of these facili-
ties through heavily traveled corridors should be developed
by judicious application of traffic surveillance, communication,

and control.

Urban freeways comprise a major portion of the traffic-
carrying capacity of the total vehicular route system in

American cities. It is believed that surveillance, communication,

237



and control of traffic on freeways as well as on the supple-
mental street systems can be improved, resulting in better

service to the motoring public as a whole.

It is desired to apply the best traffic surveillance,
communication, and control techniques in a typical urban
freeway corridor and to study the results. Innovations that
may be expected to enhance the operational efficiency should

be explored.

The National Proving Ground for Freeway Surveillance
Control and Electronic Traffic Aids located on the John C.
Lodge Freeway in Detroit has been extensively equipped for
freeway surveillance, and this freeway and the adjacent
corridor is designated as the study site to develop and
evaluate improved surveillance, communication, and control

techniques.

Objectives:

1. Determine method(s) for increasing the effective-
ness of the system which involves the freeway and the
adjacent surface street network within the corridor. Evaluate
the methods on the study site with or without the use of

additional hardware.

2. Recommend equipment configurations (that is, type
and location) for the improved system which will represent

the optimum balance in cost-effectiveness.
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