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ABSTRACT

This report presents the analysis of a questionnaire survey adminis—
trated to the responsible governmental agencies whibh have or had motorist
aid systeﬁs (MAS) and those manufacturers of recent MAS equipment. The
topics covered with each agency include: 1) Indication of present MAS
configuration; 2) Reasons for removal and alternatives provided; 3) Recurring

costs and systems benefits; 4) Experiences, desired changes, and definite

problems; and 5) Trends in MAS. The four manufacturers surveyed coVered:

1) Basic statement of primary product; 2) Communications techniques employed;
3) Problems in contracting agencies' expertise; and 4) Future trends in MAS

commuhications.
DISCLAIMER

The contents of this report reflect the view of the author who is
responsible for the facts and the accuracy of the data presented herein.
The contents do not‘nécessarily reflect the official views bf‘the policies
of the Federal Highﬁay Administration. This report does not constitute a

standard, specification, or regulation.
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SUMMARY

There are 13 states which have 40 operational motorist aid systems

with a total of approximately 5,200 aid stations. Four of the states have

- planned expansions or new systems in progress at this time. Only two states

have removed systems since 1971 because of operational and maintenaﬁce
problems. One of these states has implemented a state funded and operated
emergency patrol sérvice as a suCCessful alternative to MAS.

The costs and benefits of all motorist aid systems has not been fully

determined. Data from some of the agencies were not available and the complete

results are not given. Apparently, many agencies are not concerned about

quantifying the benefits since motorist aid is considered a public service.
However, the costs for providing the system and operating and maintaining

the equipment are important, particularly with inflation causing budget

- problems for all agencies. More research is needed to determine measufeable

results of current MAS to justify these'continually rising costs.

Chaﬁges to the present MAS, as indicated by the states, to improve

" operations included: 1) Providing illumination at aid stations for night-

timeé use; 2) Establishing uniform signing; 3) Redesigning field communications

facilities; -and 4) Incorporating in the pre-planning stage, all particiﬁating

‘agencies (city,‘county,,state,‘and federal)_beforeksystems ére designed.

Maintenance of motorist aid systems indicated problems caused by: 1)~Vandé~
lism at the aid stations; 2) Severance of buried cables, and 3) Mainténance by

and from 'other' agencies. These operational and maintenance changes were

‘the results of problems that directly affected MAS.
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‘Trends, as indicated by both the users and suppliers of MAS, are
toward voice communications and radio equipment. - The concept of in-

vehicle communications is anticipated to replace or complement the present

motorist aid systems. Some of the new equipment being produced for voice-

radio and coded-radio systems has the capabilities for field conversion for
in-vehicle communications. Before implementation of the in-vehicle communi-
catidns, much research and developmenﬁ work, both on the part of the users
and suppliers, must be accomplishéd. In addition clearances, allocations,

and regulations from the Federal Communications Commission must be procured.
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INTRODUCTION

Study Descripticn

At the height of the energy crisis, motqrists across the United Stateé
weré faced with limited fuel supplies and the curtailment aﬁd uncertainity‘
of service station activities. Motorists had additional problemé on urban
and remoté 1imited access ffeeway facilities whenever road sefvicéé wete
needed and weré not available. City, couﬁty, and state agencies responsible
for the operations of thesé freeway fa¢ilities generélly use patrols to
locate the stranded motorists since stalled or.parkéd véhicles adversely
affect traffic operations as wéll as the safety of all motorists.‘ Fdr

those traffic facilities where emergency motorist aid systems were

~operational, the increase in the number of motorists needing aid is

taken care of with only minimal increased effort dn the part of thé
operating ageﬁcies. For those traffic facilitiésywhere motoris£ aid
éyStems were not present, agencies had to increase seryiceipatfdls énd
begin to investigate other ways and means of ldcating and aiding the
stranded motorist. This report surveys the trafficvfécilities that have
opefational motorist aid systems.

A questionnaire méthod WQS used to gather information on the motoriSt'
aid systems (MAS). A literature search of ﬁublicatioﬁs, periodicals,
and reports which described either equipment and operétional systems was
ﬁsed.in locating agencies involved in MAS. Eifteen states and four equip-

ment manufacturers were contacted by letter requesting the cooperation of

‘the agency or company in completing a short questionnaire. Appendix A

contains samples of each type of questionnaire. All questionnaires were

returned, with the exception of one manufacturer, and further correspondence,




was used to clarify or confirm some of the answers. The excellent coopefation
of the various highway departments and manufacturers has enabled this report
to present timely and pertinent information.

The types of MAS investigated in this report were limited to sysféms
where roadside call boxes or telephones were used. Systems such as REACT(l),
HELP(Z), and FLASH(B) were not studied since their application has been
1imitéd to alfew fesearch and demonstrative installations. The findings from
the questionnaires indicate that various parts of all the above communication
systems may be utilized in future MAS.

Objective

The objectives of this report are to present the status of motorist

aid systems now in operation iﬁ the United States; td examine the developing

trends in MAS; and to delineate implementation and operational problems as

determined by the responéible agéncies.

MOTORIST AID SYSTEMS A

The increased use of the automobile and increased utilization of the
expanding freeway networks have created a neéd to provide assistance to
stranded motorists. The‘reqUired assistance takes several forms of road

services; such as towing, mechanical repair, police, fire, ambulance, aﬁd

information. The proﬁer application 6f MAS provides quick detection and

location of stranded motorists, a méans of communicating the type of help

required, and a timely and appropriate response.

Basic System Description
Motorist aid systems can be divided into two general categories; voice

and non-voice communications. In voice systems, a common handset or telephone

-
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receiver is used by the motorist for two-way voice communications with a
communications center. In non-voice systems, the motorist activates one of
several possible requests by pushing a button. Confirmation at the aid

station is observable by the motorist by means of an illuminated lamp or

 audible tone. The communication media for either the voice or non-voice

system mAy be public telephone circuits (wireline), state owned cables (wire-
line), assigned radio frequencies, or submultiplexed over a microwave  carrier.
Each control or’communications center, which is usually opérated by police or
highway patrol personhei, has commohkequipment, a message receiving and coﬁ—
firmation unit; a printing or recording unit for automatic messagé‘documentation;

and an automatic call station checkout unit. The control center operator has

communications to local agencies for police, ambulance, fire, and road service

requests.

The complexity of the systems will depend upon: l)fNumEer of call
stations; 2) Total distance covered by aid systems; and 3) Type of commun-
ications media utilized. This report does not investigate in depth each

motorist aid system surveyed, but the collective data on all‘systems[doeS~-

‘provide trends in design, operational and maintenance costs, and benefits.

Questionnaire Survey

Information was collected by two’questionnaire‘sufveys; one directed
to the‘governmental agencies and the other to equipmeﬁt mAnufactﬁrers
responsible for MAS. The information requested froﬁ the. governmental
agencies was concerned with: 1) System size; 2) Design alterations; 3)

Economics of systems; 4) Operational problems; and 5) Changes in maintenance

and operations. The basic facts requested from the manufacturers were:

1) Their activity in MAS; 2) New producté or techniques being developed; and

3) Critique of the expertise of the contacting agencies. Detail summaries




for each questionnaire are presented in the following sections.
QUESTIONNAIRE SUMMARY -~ STATES

Present Operational Systems

Table 1 deiineates the present configuration of MAS in the United States.
In.197l (4), 12 states had 19 operating systems and at least a dozen additiOnalb
small-scale systems (25 or less roadside units each). Fifteen states had
systems in various stages of planning or implementatidn. Siﬁce 197l,ktwo of
the 12 states (Michigan and Texas)vhaveventirely removéd the MA$. Five
states'(Califofnia, Connecticﬁf, Illinois, New Jersey, and Washington; have
expanded thé number of call s;ations.- Of the 15 states planning systems
in 1971, only 3 have actually installed systems. Presently, 13 states have
of willyhéve‘40 systems in operation. Other states have indicated an
interest in MAS and are presently studying their needs and the available
system coﬁfigurations.

The largest system is operated by the State of California. Agreements
between Los Angeles County and the California Department of Transpdrtatiop
providevfor a total of 3,264 telephdnes. At the present time, there are
over 2,100 telephones in operation along 290 miles of Los Angeles freeways.
The County paid approximately $1,000,000 to the teiephone companies for the
initial installation charges, and the State of Califorﬁia spend $200,000
for signing and paved areas adjacent to the telephones. Los Angeles County
- manages the system, the California Highﬁay Patrol answers all calls and
dispatches fhe appropriate services, and two telephone companies provide
thé communications and maintenance. The.California system represents the

largest single system in quantity of units and costs of initial installations

e
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TABLE 1. Operational Motorist Aid Systems (A)
- ORIGINAL
: SPACING SYSTEM |SYSTEM COST| - o
“ LOCATION # UNITS|(MILES) | TYPE MANAGER ($1,000) PATROLLED FUNDED BY - NOTES
CALIFORNIA
Harbor Fwy. 182 1/4 |Telephone] California MAS entirely
San Diego Fwy. 394 " coen " County : Highway County ~ ] telephones
Hollywood Fwy. 123 " " of 1,150 Patrol of
Ventura Fwy. 250 " " Los Los Angeles
Santa Monica Fwy. 130 " " Angeles
Santa Ana Fwy. 148 " " : Southern
Golden State Fwy. 230 " " Californid California
Pomona Fwy. 184 " " Highway Auto Club
San Gabriel Fwy. 162 " " Patrol (Limited)
Long Beach Fwy. 176 | " " answers
*Terminal Island Fwy. 28 - " " . calls *Not yet
#Marina Fwy. 28 " " installed
Foothill Fwy. 61 . .
Pasadena Fwy. 46 " "
San Bernardino Fwy. 106 " "
CONNECTICUT
Waterbury Viaduct 18 Varied |Telephonel State Conduit - "State DOT Calls answered
(I-84 & Conn. Rte 8) B DOT by DOT | Police ’ by Waterbury
R - e Police Department
Gold Star Bridges 27 2/10 |Telephone] State. Conduit ~ State DOT All calls to
(I-95, Thames River) ' ' : ' " Police - ‘| State Police at

New London

DOT

by DOT -

Montville
Barracks




TABLE 1. Operational Motorist Aid Systems (Cont.)

(8)

| ORIGINAL

‘ : SPACING| - SYSTEM |SYSTEM COST ‘ »

LOCATION # UNITS|(MILES) | TYPE | MANAGER ($1,000) | PATROLLED FUNDED BY NOTES
Cbarter Oak Bridge 11 | 1/10 [Telephond State  Remolved DOT Spring 74
(Routes US 5 & Conn. ' DOT Non-use -

15) ,
01d Saybrook Bridge, 10 | 1/10 " " 12 Conduit State DOT Maintained by
I-95 & Posts by Police Telephone Co.
DOT
I-84 (22 Mi.) & 178 1/2 Radio~- " 600 " 90/10 All calls to
I-91 (20 Mi.) Voice State Police at
Duplex Westbrook
Barracks
+
Micro- Under construc-
wave tion-Microwave
Statims to be used by
other State
agencies-DOT
maintenance,
expandable

FLORIDA

I-95 & I-95 180 | 1/2- |Radio- |Florida 329 Florida DOT
‘ 3/4 Voice DOT Highway (90/10)
Patrol '
1-75 164 | 1/2 | Coded " 273 " "
Radio
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. TABLE 1. Operational Motorist Aid Systems (Cont.) c)
. ORIGINAL
SPACING SYSTEM [SYSTEM COST | :
LOCATION # UNITS|(MILES) | TYPE MANAGER ($1,000) | PATROLLED FUNDED BY - NOTES
ILLINOIS
1-80 302 1 |Two-way | Illinois | 1,047 State Police| 90/10 System owned by
| Voice~ - State ' I1linois DOT-
Land DOT Div. of Highways.
Line State dispatches
o services.
Operational -
March 1973.
1-55/70 & 1-270 165 1/2. | Coded |Illinois 428 Illinois DOT] 90/10 Operationai -
' Radio DOT- ' August 1973
o Division -Emergency Services:
of Patrol Mechanical,
: Highways : Medical, Police,
KENTUCKY N | and Cancel. S
Louisville Fwys. 110 1/2 TélephonJLouisville —_— Louisville - Séme'units in-
’ ' o : Police Police stalled on
Dept. Dept. street system.
MARYLAND
‘{Jones Fails Expwy. 12 1 Telephond City of |No instal- | Baltimore City of Instélled.by
- ~ ‘ : Baltimore {lation Police - Baltimore |Telephone Co.
: {charge made: Dept. $2,000 per year
: covers cost.




%

. TABLE 1. Operational Motorist Aid Systems (Cont.) (D)
ORIGINAL
o SPACING . SYSTEM - |[SYSTEM COST :
" LOCATION # UNITS|(MILES) TYPE MANAGER | ($1,0Q0) ?ATROLLED FUNDED BY : 1NOTES
Harbor Tunnel Thruway 12 1/2 Telephon.'Mérylahd 1.85 Maryland’ Maryland | Toll Road
- State State State ‘
Admin. Police Admin.
I1-495 265 |1/8-1/2] Coded " 379 " And Federal Aid
(Capital Beltway) Radio FHWA :
MASSACHUSETTS ,
1-495 250 | 1/2 | Coded | Mass. 900 Mass. FHWA
' Radio |Dept. of State (90/10)
- Public - Police '
Works
MINNESOTA -
I-94 (Lowry Hill 18 3/50 ([Telephond Minn. -— Minnesota { Minnesota
Tunnel) ‘ : Highway Highway Highway
Dept. Patrol Dept.-
B FHWA :
NEW JERSEY
Atlantic City 100 1 Coded ' |Expressway 175 State Police Exp;esSway Toll Road
Expressway Radio [Authority Commission | Authority
Patrol

rt




- TABLE 1. Operational Motorist Aid Systems (Cont.) (E)
 ORIGINAL
‘ SPACING SYSTEM [SYSTEM COST| . : o
LOCATION # UNITS|(MILES) TYPE | MANAGER ($1,000) ~ PATROLLED FUNDED : BY ... NOTES
1-80 . 50 | 1/2° |Telephond N.J. DOT 250 State DOT Operation - State
: ’ Police (90/10) . [Police;
‘ Maintenance -
- [New Jersey DOT
NEW YORK
1-87 712 1/2 |Telephong¢ State 676 N. Y. State | State Five area state
; ' DOT Division DOT police stations
of receiwve calls
State
Police
PENNSYLVANIA
I-80 370 1/2 . [Telephonq State 382 Penn. State Contractor - Bell
DOT State DOT Telephone Co.
Fifty percent
rash - Remainder
mortized at
6,350/month,
includes main-
.fenance '
VIRGINIA
Chesapeake Bay 118 [1/18- ,EelephonéDperaﬁons~ - 70. District_ District
|Bridge - Tunnel 1/2 | Police; | (Exclusive Police :
’ Maint, - of cable
Maint.Div.| trays)
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TABLE 1. Operational Motorist Aid Systems (Cont.) )
ORIGINAL
SPACING SYSTEM SYSTEM_ COST :
LOCATION # UNITS|(MILES) | TYPE | MANAGER | ($1,000) | PATROLLED | FUNDED BY NOTES -
WASHINGTON
Alaska Viaduct 35 |1/18- [Rlephone| City of
1/4 ’ Seattle
Tacoma Narrows Bridge 22 1/10 [felephone WSDH 106 calls in 1
year
| Evergreen Pt. Floating 36 [|13@th [Rlephone WSDH 4.5 Wash. State{ll.4 calls/MVM
Bridge SR 520 Direc~ ' police & [$250/month
tions) {. . Tacoma .
: Bridge Auth
SR 18 @ SIR 1 [elephone| WSDH WSDH  [$45/month
Proposed Systems
I-90 @ Bulge of 4 Party ~ WSDH WSDH TG supplement
1st Lake Float Br. ' Line ' Wrecker Patrol
' Telephong now in use
I-5 Thruout down- ! A
town Seattle 1/4 Private WSDH - WSDH Will incorporate
| Line -Ihigh sound '
ﬁelephone volume & noise

shielding
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Button

- TABLE 1. Operational Motorist Aid Systems (Cont.)
o . | ORIGINAL
_ SPACING| SYSTEM [SYSTEM COST | - -
LOCATION # UNITS|(MILES) | TYPE | MANAGER | ($1,000) | PATROLLED | FUNDED BY NOTES
District of
Columbia
Various Points 7 - Telephone] Dept. of | ~ -(1)  Metropolitan| Dept. of | (1) Installed
' : ' Hwys. : ~fPolice Dept. Hwys. |with operating
funds
1-95 41 - kCovers Telephone) " C=(2) " " (2) Included in
‘ .5 mi.) o construction
1-295 26  KCovers Telephone, " -(2) " "
5.25
|miles)
Puerto Rico
P.R. 52 67 1 A Coded Highway 318 - Police ) Highway |35 Miles Open'
T ' Push- |Authority ' ' Authority {20 Miles Planned-
Button ; v
P.R.. 22 7 1 | Coded " Included Police " 4 Miles Open
' Push- ~Above 50 Miles Underf‘

Construction
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and operations. The costs are apparently justified based on the numberkof
persons served (sée section on Economics). The average numbér of aid
statidng ih all reborted systems is approximately 125 units.

Unit spacing in urban areas range from 1/5 to 1/2 mile. In rural
areas, such as the 138-mile section of 1/80 in.Illinois, unit spacings
of one mile are used. The exact effect of ﬁnit spacing is not known, but
the above‘spacings have been used‘in operational systems for.some time and
no unique problems have been observed or reported by’the operating agencies.

Communications Media

The type of communications used by each facility is indicated in Table 1.
Telephone ;&pe communication is two-way vqice and occurs over regular telephone
company lines except wherebnoted, such as I-80 in Illinois where state owned
"cables are used. Coded-radio, voice-radio, and radio-voice duplex occur by
FCC aséigned radio freqﬁency commuhications. Short distances separating the:

communications center and transceiving towers, such as the Illinois and

4

Connecticut facilities, may be connected by wireline, even though the
majority of the communication is RF. More communications information is
covered in following sections.

Management Organization

The majofity of system managers are the state highway departﬁents or
departments of transportation. California, Kentucky, Maryland, and'Washiﬁgton
have MAS where the system managers are the city, county, or some other
~authorized agency; The state police or highway patrol operate thé MAS and
dispatch services in all but four systems. Of‘these four‘systems, ﬁhrée
city police departments and one expressway authority operate’aﬁd dispatch
requested services.

Patrolling agencies are the operating agencies and indicated as being

12 ' ; : .



.the state police or highway patrol.

RemOVal/Alternatives

One question was designed to determine the reasons for systems.tb be
removed or altered. Two states have completely removed_systeﬁs'whiié
othérs have replaced one hardware type with another.A The State okoichigan
removed from serﬁiCe 62 telephohes frbm I-94 (Jackson-Battle Creek). kThe
problems that caused the removai'df the system were both opérationalvaﬁd
environmental. FSeveral‘independent telephone companies were interconnected
to tie voice communications together. This design caﬁsedbinterruptidn in the

quality and operations of the system. Other disruptions were caused by

lightningvand traffic accidents.

The 145 coded—radio call boxes on 1445 in Houston were removed after
two yeafs of operations by the State of Texas. In the opinion’of the
moforists surveyed, the prices‘posted oﬁ each call box for-roéd;sefvicé} éﬁch

as wrecker towing, fixing flat tires, and gasoline were too high. The wrecker

* ¢

association, fire department, and ambulance service became reluctant td;
answér’requests unless the.éalis were confirmed by the police at théygite
because of the largé'nuﬁber’ofv'gone on arrivals;' Therefore, the Cify‘pf
Houston Poiiée bepaftmeﬁt answered and responded to ail,calls And con-
séquently the ;imé of respdnsé for services other than police was greéter
than desired. Ovérworked staff and'crowded space conditions withiﬁ the
police diSpatcher's office where calls were received were problems.  A1so;

the police department preferred voice communications.

‘The State of California replaced 114 coded-radio call boxes with 123
telephones several years ago. The only reason stated was that the coded-
radio system proved unreliable. Connecticut removed 11 telephOnés dde to

- vandalism damage and malfunctions:. Also, the state of Washington removed

'y
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TABLE 2. Summary of Removal/Alternatives

~ STATE

QUESTION 1

QUESTION 2

California

Connecticut

Michigan
| (Telephones)

Texas

(Coded-Radio)

Washington

‘boxes) were too high. Long

|ambulances because of 'gone

|after service station opened:

Coded radio replaced with
telephones on Hollywood Fwy.
Unreliable operations.

I-84 at Route 8 - 18 tele- .
phones removed due to
location and traffic con-
ditions.

Charter Oak Bridge at
Hartford - 11 telephones
removed due to vandalism and
malfunctions. '

Removed because of excessive
operational problems. System
design included intercon-
nection with independent

companies. Problems with

voice grade lines and environy

mental conditions caused
removal.

Removed after 2 years. Many
motorists did not use call
boxes because they felt
prices of services (posted on

delays' or reluctance to an=
swer calls by wreckers and

on arrivals.' Calls

received by police department
dispatcher's office, whose.
personnel were already
overworked.

1 pair of telephones removed

at same location. One
hundred percent non-use.

Normal patrols

No alternatives until
.evaluation of new radio
system.

A\

No organized supplemental
aid has been provided.

Area is patrolled by police
as priorities permit.

After system was removed, a
24-hour freeway emergency
patrol was provided by
Texas Highway Department.
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one pair of telephones after a service station opened at the same location,
The motorist preferred to use the public telephone instead of the emergency
phones.

"If a system was removed, what alternatives to the MAS'were provided?"

. This question was answered by the two states which had removed‘systems"

in the following manner. Michigan had nd organized activity other thén the
regular police patrols system of_the’area that waé,based on é priority basis.
Texas implemented a 24-hour freeway emergency patroi‘service‘on'the 1—45
fpeeway section és well‘as other freeway facilities in the immediate Houston
area. The bther states indicated no speciél activities in this area.

| A repbrt in 1971 (4) listed an 8.2—mile'éection of I-287 in Neﬁ;ﬁersey
‘as.an operational motorist aid system. This system was an experimental con-

tinuous two-wire buried cable with push-button switches mounted on delineator

“posts every. 200 feet. The responsé to the'questionnaire by New Jersey‘in—

dicated.that this system was not coﬁsidered operational at anytime and was
removed aftef a two-month research test was completed. Therefore, fhis'
System Was nof‘iﬁcluded in‘the Removal/Alternatives analysis withkthe
Michigan and‘Texas installétions.

Cost/Benefit

The‘most‘difficult question to answer in the questionnaire was that of
the econ&mics Qf'the‘motorist aid systems. Some agencies responding to
this question either did not have complete.figures availab1e or were still‘
evaluaﬁing their systems. Most agenciesvaccept the fact that the total

benefits associated with the MAS are unmeasureable. Stranded motorist

'present a hazard to themselves as well as to passing motorists. Safety;

factors and an increased feeling of security offered by MAS cannot always

be represented in monetary terms. The most common item used by the agencies

15




to represént the benefits offered by the MAS was the number of annual calls.

| ’Califorﬁia led in the number of calls received annually with over ~
288,300.  Not all states were able to proﬁide the annual number of calls

or the maintenance and operations'costs as indicated in Table 3. Those MAS
which utilize police agencies to answer allycalls, such as in California

and Neﬁ York, have Ope;ating costs which are not included in the annual

costs. The cost to the police agencies is difficult to assess as personnel

that answer MAS requests share duty responsibility with other dispatch activities.
.Therefore, complete annual costs per unit, as contained in Table 3, would be
slightly increased to‘compensate for the poliée activities.v

The eiperiences gained in the operation and maintenance of motorist aid

systems by_the states is presented in reéommendation'form in Table 4. Each
communications group indicated that maintenance should be conducted by either

a single agency or state»agency.‘ Several states reported the need for good
illumination for the nighttime users of the aid station. System designs

for aid statioms to minimizé vandalism were recommended more than once.
0ther~recomméndations were aimed at solvingbdefinite system wedknesses
which have caused significant problems to operation or ﬁaintenance.

Experiences/Changes

Each state or agency waé asked, based on experiences with operating
MAS, to report on changes that would be made for the installation of new
‘systems aﬁd the operation and maintenance of all systems. In summarizing
the fesponses, the recommendations were Aivided into.three groups based
on the type of communication medium used: 1) Telephone leased line facilities,
2) Telephone and radio systems, and 3) Rédio systems only;

Telephone Lease Line Facilities

Six states reported the exclusive use of telephone systems which used
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TABLE 3. Economics
BENEFITS CAPITAL COST ANNUAL COSTS
STATES Inympe R : PER UNIT COST PER \ores
SYSTEMS OF ToTAL- | CALLSIMAINTENANCE | OPERATIONS PER PER ~ CALL
UNITS | cas | PER system | it J AMOR
UNIT : TIZED |MAINT. | OPR. [{ TOTAL
ST (1) .
Catifornia ) 1a) (a) ) . i D - 1) A1} capital and
Total 2,248 | 284,300 {128 | 226,800 18,000 1,150,000 511 76 100 8 184 © 1.43 linstallation costs amor-
i . : w itized over 10 -years at
Connecticut lan 8% interest rate.
Waterbury 18 |.160-200 11 100 2,400 - --- ——— 5 133 --- ----
. (Used .200) (a) 1973 bata for Los
: . Angeles County. ' Does
Gold Stor 27 150 5 200 3,300 ---- - --- 71 140 n --~- pot include Calif. vOT
site costs or Highway
1-¢4/1-91 1/8 Q.SOU 14 17,460 2,540 . 600,000 {3,370 502 98 14 614 43 Patrol costs. for switch-
. (Estimated) (b} : i board and to11 charaes.
Florida ] (b) Includes microwave
1-95/1-195] 180 11,590 o4 N/A N/A 329,000 |1,827 272 .- - 272 - 4.25 |'backbone’ carrier.
(d) (c)
’ (c) Installation included
1-75 164 ’i‘U” 43 N/A N/A 27?,?00 1,664 248 - --- 243 5.76 R-year maintenance.
&) c ¥ . n
(d) 6 months projection.
1 iVinois
-39 3u2 13,600 4h N/A N/A I,IO?,OOU 3,042 542 - --- 942 12 Maintenance quote $85.00q
“(¢)
F-5/1-2/0 16h 5,200 31 N/A N/A 428,000 2,593 386 - -—- 386 9 Maintenance quote $35,000
(e) (c) : (&) Projected )
entucky 110 100 1 40,600 N/A - --- 363 363 363 Removal suggested by
‘ Louisville Police Dept.
fMaryland . . .
- Jones Falls 12 1,023 85 2,000 No Cost - - 166 166 ———
Harbor o ' J
Tunnel 42 N/A N/A 6,972 1,850 a4 6 166 172 —eee
1-495 165 18,250 110 35,000 379,000 | 342 212 554 --i-
: Massachusett
1-495 250 N/A N/A 5,000 900,000 {3,600'f 536 20 556 -
| :
Minnesota 18 1,000 55 3,363 N/A —— .—m 214 - -
New Jersey
A.C. txpy.| -1u0 1,500 15 4,009 175,000 |1,/50 260 40 280 18 )
1-80 50 N/A --- N/A N/A 250,000 5,000 * 745 - | --- ----  Junder-construction
: New York : 8
1-8/ ne 9,200 12 172,098 676,000 949 141 28 382 3
_JPennsylvanial R l
1-80 370 4,052 10 86,200 382,000 |1,032 153 232 385 38
Virginia
Chesapeakel - : ] ) .
Bay 18 N/A .o Slight 70,000 593 88 --- --- -
" Mashington
Evergreen ; . ) -
Point 36 N/A ——- 3,000 4,500 125 18 83 101 ———— Washington figures -
$7.25/call
i ! 0.024 cents/vehicle
0.0082 cents/veh-mile.
A




private telephone companies. Three states indicated adequate or satisfactory

operations with their present system and recommended no changes. None of

the responses of other types of systems expressed this level of satisfaction
with existing systems. One of the six states indicated that new installation
would switch from leased-line telephdne to radio-voice facilities, but none
‘of the states recommended the use of coded-radio. Other changes to design,

operations, and maintenance are shown in Table 4.

Telephone and Radio Systems
| Four states reported on both telephone and radio systems. Three sﬁates
usedv coded-radio and one used radibo;-vo'ice' system. Their recommended changes
indicated a switch to voice communicationé, with only one state recommending
the use of the coded-radio.

Radio Systems

Three states, reporﬁing on only radio systems, used coded-radio, with
one,ofvthe‘states also having a two-way voice-radio system. That state
was the only one recommending voice communicationslwould be used in future
systems. The othér two states have jﬁst récently installed coded-radio
sysfems and have little experience on whiiéh to recommend a change in design.
Trends

The states and agencies were asked to respond to whether any noticeable
trends were developing for moterist aid systems. The two most commonly
mentioned were: 1) Two-way voice commﬁnications and 2) Utilization of radio
equipment (Table 5). Six agencies specifically mentioned two-way voice as
being a’trend,:énd radio communications, in some form, was mentioned by five

responses. The combination of two-way voice with radio was mentioned as a

18
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TABLE ‘4. " Operations. and Maintenance Changes

TELEPHONE SYSTEMS TELEPHONE & RADIO SYSTEMS RADIO SYSTEMS

Aid Station

-Night illumination "~ | -User illumination -Operations Aspects to be
o : planned before system design

~Eliminate 'party lines' —Capability to include -Use of system whether

p y L P y y
changeable matrix signs and | emergency or non-emergency
ice sensors and control

-Employ high-.gain sound = - —-Change button assignment -Uniformity of highway
: signing '

nZorHAPEwEYO

-Noise Shield

-Breakaway pedestals at | -Eliminate buried cable -One agency to install,
aid station ; ‘ , operate, and maintain

—Cabled handsets (reduce -Automatic system checkout
vandalism

—Single maintenance -Design to minimizé
agency - , vandalism

-Maintenance by state agency

o 2 PEEAE DR




TABLE 5. Developing Trend by States

TREND

NUMBER OF RESPONSES

Voice Communications

-By RF

RF Equipment - General
-Coded-Radio

-In-Vehicle Communications

Total Communivcafions (Coaxiai and Wide-Band)
Multi-Uses of MAS Communications

Privately: Owned Sys tems

Observed No Trends

No Comments

20
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part of a total in—vehicie communications for fdture'motofiét aid’systems.
The in-vehicle communiéationS»would be conducted between vehicles vié low
powered radio to roadside ﬁransceiving ﬁnits relaying commuhications'to area
controlycehters. Also recognized for future utilization was coaxial cable
and wide—band RF equipment withvmotorisf aid systems‘beiﬁg only a émall‘part
of the total communications picture. Motorist aid systems could also be
used as the common carrier for other motorist ¢ommunications systems such as
changeable matrix signs, ice sensors, and sign‘control.v,

The trend toward VQiCe communication is substantiated by the types of
systems these states are using in expaﬁding~théir MAS. Aithoughkfhis
question was not specifically asked in'the'queétionnaire, threg staﬁés in-
dicated expansion; one sfate with public telephones, one with private tele-
phones, and the third with voiée-radio~cohmuni¢ations.

Prob]em§4 7 -
;Théfstétes:and agencies Wére asked to respond to probiems that adversely
_affected the maintenance and operations of thé‘motorist aid’systemé. Table 6

includes a summary of the responses based on four groupings; field installation

damages, failures in call box equipment, failure within communications systems,

and miscellaneous problems. Many responders listed more thanvone problem

area with only two states specifically stating no existing ﬁroblems.
Freeway iﬁprovements and excavation activities weré mentioned as

being the greatest problem area for MAS which utilized buried cables. 

Also, vandalism at the call Box units was a problem with two of the states.

Those states which utilized the telephone type call box units with




TABLE 6. Problems Affecting Operation/Maihtenance

AREA . NUMBER OF RESPONSES

Damage to Field Installations By:

-Freeway Improvements
-Others

-Vandalism
_=Knockdowns

NN

Failures in Call Box Equipment:

-Battery Charging Circuits
-Coded-Radio Circuits

~Time Clocks for Monitoring
-Corrosion :

N N

System Failures Due To:

—System Monitor

-Cable Damage by Lightning
~-Telephone Line Interconnection
-False Signals Received
-Circuit Interference

WHENNDN

Miscellaneous:

~Giving 'Non-Emergency' Aid
-Hiring Bilingual Operators
~Telephone Company Maintenance

RN

' No- Stated Pfoblems : 2

e
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underground cabling experienced most of the above probléms.

Failures within coded-radio units included only two reported mal-
functions of the electronic circuits. Two sup@ort'devices withiﬁ the
unit, a battery changing circuit and a time~-clock mechanism, did cause dis-
ruption iﬁ two separate installatidns. Corrosion was reportédly‘caqsedkby_
salt water spray in one case and.inadequate envirbnmental prbtection in
the other. o

Systém failﬁre occurred both in voiée and noh—§oice systems. Monitor
prdblems were limited to failures of a monitoring deviée to detect mal—
functioniﬁg field units;  In two separéte installations, damage to bﬁried
cable was done by lightning. Telephbne companies' communications were respon-
sible for interferences, false signals, and interqonnéction piobléms.

The remaining pfoblems were of a general nature and glosely tiea to
operations of the moﬁorist aid systems. . The problem of whether the’giving
of non-emergency information over tﬁe‘voice ﬁype system waé stated by’two
responders as being a problem. The ability to eﬁpldy and retain qualified
bilingual operators in a voice type MAS was also listed.  The.final problem
listed was that the "telephones are maintained by the local telephone

companies."

QUESTTONNALRE ANALYSIS - MANUFACTURERS
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Communication as applied to MAS, and 3) The competence of coetraeting agencies
in understanding the technical and practical proBlems encountered invMAS.
Five companies were contacted and four responded with one company, a local
telephone company, responding to the questibns as applicable on e>regiona1‘
basis.’ The other three companies represent experiences and opinions based
“on a nation-wide coverage. |
The telephone companies have historically avoided furnishing motoriét
a;d communications since they are generelly expected to do so 'at cest' as
a public service inherent to monoply operations. Federal restrictionsfaed
other limitations prohibit the establishment of a system of edin»teiephenes?
en moet highway right-of-way. The telephone companies have cooperated
with tﬁe states and agencies in those areas which desired to use the
communication facilities‘to implement motorist>aid systems. The best
" example of such ceoperatien hae been_tﬁe great Los Angeles MAS. Withoﬁt
doubﬁ, the telephone companies have: 1) An extensive network of direct
wirelinee; 2) The ability to provide complete eommunicetions mainte-
nance; 3) The facilities to link together far-reaching afeas; aed 4) The
meaﬁs df'implementing MAS with lower original equipment pufchase costs.
The questionnaire responses by the telephone company that_was'coﬁtacted
_wefe not included in the manufacturers' analysis. The fact that‘as a‘local
company with restricted regional business interests, the opiﬁions expressed
in the questionneire may not be the attitudes of other telepﬁonevcompanies.
Also, no national organization within the ﬁelephone companies exists from
which data can be secured.
Products

In the past, the market for motorist aid systems has been sparse with
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few installations being implemented from time-to-time. In 1971, only

one (California) of l9ysystems in operatibn had beén expanded with equip—
ment designed as 'add-ons' to original equipment. This limited'demand for
MAS equiﬁment‘and components has not made it profitable for mény'companies

to undertake major research and develop programs. Therefore, in conducting

‘a- study of the existing suppliers fof,motoristnaid.systems, it was found

thatvbnly'six companies nationally market:equipment. Four companieé,'whose
products wefe bid or used in recent installations, were seﬁt questionnaires
and three of the companieé responded.

- Each company reliés on othér applications for use of theifbequipment.
As shown in Figure 7, the bésicbproducts are directed towards: >1) Seéurity
systems, 2) Municipal fire departmentS,IB) Traffic contrpi.components
(signél heads and coqtfollers), ana’A)kfwo-way mobile radio syétems. One

véompany~entered'the motorist aid equipment field-through‘the simularities of

‘requirements that applies to security sYstems and motorist aid systems.

. Another company has entered as supplier of MAS by the re-direction of

mobile twd—wayfradio systems. The other companies have traditionally
supplied system equipﬁent and Com@onénts for traffic control. All the
companies have been in business for more than five years and have had
products under.development for use in motorist aid systems for an avérage'
of four years. | |

Communications

The continued miniaturization of solid state electric components
has enabled compact aid station equipment to be constructed. These

advancements have particularly benefitted radio communications equipment;

both voice and non-voice systems. This is evidenced by the fact that all
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of the MAS suppliers have aid station equipment that_mbunts in less than 1.5 -
cubic feet of cabinet space'and weights less than 50 pounds with‘thé'battery
or power supply included.

Although several suppliers indicated more than one type of motorist
aid unit that operated by different communications teéhniqueé, such as
coded-radiq versus voice-radio, only oﬁe type of unit was evaluated for
each supplier in this report. All units must be FCC approved and aséignéd
to operate in the following VHF or UHF bandsf The coded-radio units operate
in the 72-76 megahertz VHF band, while the. voice-radio unit is assigned to
operﬁte-in the'450—470 megahertz UHF band. All units are rated at oheiwatt
RF power. The coded-radio units send indentification information aé’well as
service réquested in each message. One coded-radio unit uses amplitude
modulation_(AM) éncoding for a lO-bit'message that is repeated three ﬁimes

powered from avbattery. The other coded-radio unit employees frequency

»

modulation (FM) encdding for a 9-bit meséage. This unit utilizes mechanical
energy (stored by pulling down a handle) to run a small generator‘that
supplies power for‘the message outpﬁt operafions. Twenty bits of indenti- »
fiéatiéh,,unit status, and switching information Qié ffeqﬁehc& Shift keying

(FSK) precede the FM voice communications for the voiceéra&io'systemf A
rechérgeable battery supplieé power for the unit.

| Only oné of the aid systems (mechanical energy operations) cannot be

'checked out' from the communications center since no on-sitéyétoredvenergy

exists. All other units can Ee remotely interrogated because of resident

batteries. The specifications fo: all units indicate liﬁé—of~site trans-

missioﬁ up to 25 miles. For transmission disfances furthér’than‘25 miles ’

or other conditions that affect the RF signal, repeater stations must be

vy
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used and are available from each supplier.

At the communications centef, all suppliers pfovide basically the same
equipment. The iﬁcoming signal from an aid‘station is received and décodéd.
An audible alarm is activated, a visual display of the box number is set,
and for the coded-radio systems, the typé of service requested is produéed}
The operator, in the voice-system, uses the telebhoneftype handset to
converse With_the caller for éervice requests. kPermanent logé'are provided
by tape-printer devices that,indicate date, time of day, location of call
station, and sérvice requested (if coded-radio). The communications center
equipment is designed to operate from emergency power if primary power
fails. | |
Trends

As indicétéd in Table 7, the responses from the manufacturersiof MAS
concerning‘trendsbin communications are somewhat generai statements. The
statements of trends in reliability, speéd, and economics appear_to be
dbjecfive typé statements of what that particular manufacturer is tyfing
to achieve. Certainly all manufacturers should strive to include theSe'

objectives'in their designs and equipment. The theme of the»remaining

_responses was voice communications in future systems. Radio-voice was

mentioned by one manufacturer of’coded—radio. The tadio-voice'manu—
facturer indicé;ed future 'in-car' voice communications. This trend
towards voice communications was also expressed by the states and
agencies responsible for MAS as being desirable.

Communications and Technical Problems

The manufacturers were asked to answer the following questions based

on the MAS proposalsvand‘specifications issued in the last two years,
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TABLE 7. Manufacturers Data

DeVeiopment Time

Basic Product Direction (Yrs) Communications Techniques Trends
Security Alarms 51/2 Coded-Radio (Batteryless) Reliability
Municipal Fire Departments ‘Coded-Radio (Battery ope- Speed
‘ rated)

MAS 'Radio-Voice Economical
‘ Wire-Voice

Traffic Control - : ,

Components (Signal Heads & Controllers) 50 + Coded-Radio (Battery ope- ‘Radio-Voice

) . rated)

Municipal Fire Departments Radio-~Voice

MAS 3

Communications 15 + Radio-Voice (Automatic 'In-Car’' Voice

identification) :
2-Way Radio (Mobile) ' ’ '
MAS

» X
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"Has it been apparent- that the gontracting ageﬁcies understand and have made
adequate allowaﬁces for the technical problems unique to the communications
systems required by MAS?" Oﬁly one manufacturer indicated a brief and
unexpléined,, "Yes." The remaining MAS suppliers indicafed the foliowing
responsesﬁ

"It has become more appareﬁt that states are more concerﬁed‘k,
Qith consﬁant Budget problems such aé mainténance, logistics,.
personnel, etc." | |

fRecent proposals indicate strong emphasis on maintenance free,
reliable systems."

"Little ﬁﬁderstanding of;technical préblems, thus making‘it'
necessary for assistance from oﬁher agencies, consultants, and
manufacturers." |

"System performénce is being specified."

In early systems, consideration was not given to frequencies
available;‘bilingual operators,'logistics, time consumption, re~
charging batteries, failure characteristiés of two-way mobile radio
»oﬁ the.highway for 15 years, initialbcost; etc."”

As can be seen, theée comments are opinionated to an extent, but
there is a certain degree of truth that can be associated with each
response. For instance, maintenance was listed by the states as a probleﬁ
regardless of thektype of communications media used for tﬁe MAS. To solve
problems of earlier systems or experience, fhevstates issued proposals to,

hopefully, correct system weaknesées. Also, these responses from the manu-

facturers do indicate a need for more expertiée on the part of the states

in developing system designs and specifications.
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SUMMARY o ‘ ‘ -

There are 13 states which haﬁe 40‘o§erational motorist aid systems
with a total of approximately 5,200 aid statiqns.x;Four of the states havei
* planned expansions or new.systems in progress at this time. Only two
states have removed systems since 1971 because of operatiohalband
maintenance problems. One of these states has implemented
"and operated a suééessful emergency patrol serﬁice as an alternative to MAS.

The costs and benefits of all motorist aid systems ﬁave not been fully
determined. Data from some of the agencies were not available énd the
‘complete results are not given. Apparently? many agencies are not as
concerned about quantifying the benefits since motorist aid’is considered
a public éervicé. Howevef, the costs for pfoviding the‘syétem and
operating and maintainingbthe equipment;aré-important, particﬁlary with in-
flatioﬁ causing budget problems for ali agencies. More research is needed
_to determiﬁé measureable results of current MAS to justify these contiﬁual
fising costs. | | ) ' ' "

Changes to the présent MAS, as indicated by the states, to improve
operations inclgded: 1) Providing illumination at aid stations for night—
time use; 2) Establishing uniform signing; 3) Redesigning field communi-
cations faciliﬁiesg and 4) Incorporating in the pre—planning sEate, all
pérticipating agencies (city, county, state, and‘fedefal) before systems
are designed. Maintenance of motorist aid syétemS'indicateé‘problems
caused by: 1) Vandalism at the aid stations; 2) Severenée of buried cables,

and 3) Maintenance by and from 'other' agencies. The operational and

maintenance changes were the results of problems that difectly affected MAS.




Trends, as indicated by both the users and suppliers of MAS, are
toward voice communications and radio equipment. The concept of in~
vehicle communications is anticipated to replace or complement the present

motorist aid systems. Some of the new equipment being produced for voice-

radio and coded-radio systems has the capabilities for field conversion

for in-vehicle commﬁnications. Before implementation of the in-vehicle
gommunications, much research and development work, both on the part of
the users and suppliers, must be accomplished. In addition clearances,
allocations; and regulations from the Federal Communications Commission

must be procured.

RECOMMENDATIONS

Based on the responses from users and suppliers of-motorist éid
systems invthe United States, there exists thé need for: 1) Utilization
of more technical expertise and resources on the pért of the agenéies
specifying and operating MAS; 2) More national uniformity and standard-
ization of the functions of the electronics and communications equipment;
and 3) More definite leadership from communications, state highways, state
poiice, and federal transportation agencies in designing, operating, and

maintaining motorist aid.




CLOSURE

To design, iﬁplement, operaté, and maintain a successful MAS is time
consdming, cémplex, and expensive. These facts aré evident if the déta in
this report are studied. Many systems have been invoperétién for some years
and all cbntinue to require significant funding and ﬁanpower. Newer systems
rely mdte on‘multi—yeaf maintenance contracts and cohsequeﬁtly installation
costs go up to support this service. Many early systems have relied on
conventionél methods of voice communications via telephone companies.
Maintenance is provided as.a part of the telephone sefvice, thus the complex
equipment and syétem operations were notithe responsibility of the MAS
agéncies.' Recent installatibns, using voice-radio or‘coded—radid equipment,
will require more competeht technical resources on the‘bartnof thevMAS |
égencies:if ﬁseful iong term operations afe to be expectéd.

The su;véyTrésults indicate& thaﬁ sevefal states which had pianhed MAS
in 1971 did not‘implement the'systems._~Aith6ugh unreported by these:agenéies, B
the fecurrihg costs and long range commitments had to play'é dominaﬁt role
in the non-implementation decision. The economic outlook in the near future
in the’United Statés’will hot be cdnducive tobincreaSiﬁg involvement and
_suppoft of MAS. Responsible agencies, with alréady overburdened budgets,
will be forced to carefully evaluate all areas of traffic‘operations;‘ The
degree to which MAS will be affected will depend upon the effectiveness.of
present éystems, the attitudes held by the respdﬁsible officials within‘the
agenéies,;and the availability of installation and operational fundé.

Unless better methods can be established for which more real and reliable

benefits can be found to evaluate the effectiveness of MAS, expansion and
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‘support may be reduced. Although the general public may accept and use MAS,

thebtotal benefits will not be easy to quantify.

If the primary attitude of the responsible officials and agencies‘is
to build and maintain traffic facilities, then redirection of priorities
has to be established. At some point in time, responsible agencies'mus;
exercise responsibilities of operations. MAS may.be only a part of a total
traffic operations andvmanagement program.

In heavily traveled interconnected urban freeway systems, sevefal
traffic.managementksystems must be included in a priority list 6f operations.
The operations may include entrance ramp, freeway lane, and frontage road
control systems; motorist information and aid systems; and incident detection
and traffic diversion systems. Rural areas, such as the western part of the’
United States where long isolated stretches of the interstate system are may
have bnly MAS as the primary traffic management program. In both cases, MAS
has a role in the operations of traffic faciliiies and must be recognized by
andvplanned fof in the responsible agencies' pfograms.

Funding has been and will cbntinue to be difficult to secure for.operations.

Participatihg federél funds will be available for the installation of MAs; N

but have not been available for operations. Agencies should thoroughly

'inveStigate the availability of local funds (city or county) during the

preplanning stages. .
‘Many more problems exist in establishing MAS than have been reportéd
herein. . Unreported were problems such as determining members and agencies of

design teams, establishing objectives and goals for each MAS, affirming

-operational and maintenance responsibilities to mention a few. Operational

agencies (mostly state or local police) often find more overhead in manpower
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and equipmentbthan originally envisioned. This may cause concernvabout the
real purposes to be served by the police agency when the priﬁary responsi-
bility of the agency is law enforcement.- Also,'problems héve béen and will
‘continue to be found in the response mechanism of sﬁpporting MAS. Service
agencies must be totally aware of responsibilities to respond to MAS requests.
Confidence placéd in the MAS By the motorist énd the ovefa11~efféctiveness :
of the MAS will depend directly ﬁpon the cooperation of the opefating‘and

response agencies.
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APPENDIX A

Ques tionnaire - States

1.

2.

If systems were removed or altered, please explain why.
If systeﬁé were removed, what alternatives to the Motorist Aid Systéms
are being provided? (For example, increased freeway patrols.)
What are the economics of the MAS within the State?

Benefits per year

Operating,cost per year

v‘Maintenahce cost per year

Cost per servige call
Based on experiences with MAS, what changes would bevmade for'tﬁe instal—
laﬁion of hewvsystems and the o@eration and maintenance of all systems?
What afe,the trends in communications equipment for MAS?
After the initial impact of the energy crisis, is ﬁhere renéwed‘intefest
in greater utilization of MAS within the State? |
Please list the probléms that have causéd definite disruption to maiﬁ-

tenance and/or operation of the MAS?
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APPENDIX B

" Questionnaire — Manufacturers

”~
1.
2.
L ]
3.
&
4.
5.
. 6.
y
¢ 7
8.
Abﬁ

»4

Is the basic product of the.Company (or Division) Motorist Aid Systems?

If not, briefly deécribe the basic product.

How many years has the Company been actively pursuing devélopment of‘MAS?'
List and describe the different MAS developed by the Company which operate
from basically different communicatioﬁs techniques.

List aﬁd describe the number of MAS that the Company has installed in

the last two years.

Describe (without divulging proprietary information) any new communications

equipment, éomponehts, or techniques that are scheduled to be marketed

by the Company in the immediate future.

List the’regionél and national competitors with which the Compamy must
compete for MAS contracts.

Describe the trend in MAS communications based on the experiences or
projections by the Company.

Based on the MAS proposals and specifications issued in the last two years,
has it been apparent that the contracting agencies understand and have
made adequate allowances for the technical problems unique to the cdmmuni—

cations systems required by MAS? If not, please explain why.
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