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PREFACE

This document was prepared at the request of the Communi-

cations Working Group of the Interagency Emergency Medical Ser-
vices Committee. The resultant document is intended to be a
simple, practical technical planning guide for Emergency l"ledica1
Service (EMS) communications.

The authors prepared a proposed outline of this document

which was distributed to attendees at the L977 Department of
Health, Education and Welfare (DHEW) Tri-regional Workshops on

EMS Communicatj-ons. Requests were made at these workshops for
resource material from attendees working in the field and for
critiques of the outline. A list of the resource material
received, largely through these meetings, is contained in the
bibliography of this report. Subsequent meetings with the DHEW

Regional Telecommunj-cations Consultant Team were extremely
helpful in selecting relevant material which has been used in the
preparation of this document.

The authors invite comment, critique, and suggestions con-
cerning this document and any revision or update which might be

usef uI to the user communj-ty.
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EMERGENCY MEDICAL SERVICES (EMS) CQMMUNICATIONS SYSTEM

TECHNICAL PLANNING GUIDE

Joseph A. HulI
John M. Harman

Marylyn N. Olson
H. David Hunt*

This document is intended to provide (i -,-., -guidance in planning Ernergency uedical $ystem .)erv'C?i
(EMS) communications. Frocesses and procedures
are presented for such planning. Recomrnenda-
tions for obtaining technical, consultative and
other assistance in designing and impLementing
EMS systems are given.

In addition, this report is designed to
familiarize the non-technical person with conrmon
communication terms, concepts and helpful ref-
erences. Fundamental elements of land-mobile
radio are introduced, and details of citizen
access and emergency medical responses are
addressed. Planning a 911 emergency system is
discussed. The development of an EI,IS command
and control center is highlighted. Frequency-
assignment regulations and selected configur-
ations for an EIvIS system are introduced.

Key words: Ambulance communications i emergency
medical communicationsi emergency
preparedness; health services;
hospital communications; frequency
allocation; land-mobile radio.

1. INTRODUCTION

1.1. Background

Recognition of Emergency Medical Services (EMS) as a public
safety obtigation in the United States was stimulated by a study
published by the National Academy of Sciences in 1966. A sunmary

of the events which followed is shown in Figure 1. Considerable
progress toward the development and implementation of EMS is

T au rs are w the Institute for Telecommunication Sciences,
National Telecommunications and Information Administration, U.S.
Dept. of Commerce, Boulder, CO 80303.
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Figure I Chronology of events in the development of EMS(Prepared by Robert Wood Johnson Foundation)
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evidenced by the initiatives and funding levels indieated in the
figure. The largest of these programs is that authorized under
the Emergency Medical Services Systems (EMSS) Act of 1973 (42

U.S.C. 300d). This Act was revised and extended by Public Law

94-573 (known as the Emergency Medical Services Amendments Act of
L976). The congressional intent is to provide assistance and

encouragement for the development of comprehensive emergency
medical services systems throughout the country and thereby
improve the quality of patient care and reduce morbidity and mor-
tality.

Emergency l4edical Services communications planning and

system implementation requires interface and cooperation with
other medical services and public safety activities such as Iaw
enforcement, fire, search and rescue, emergency preparedness,
transportation, public utilities, etc. within the area to be

served to solve the many jurisdictional problems inherent in most
regional systems. Since EMS systems generally require long-term
operational public funding, there is much competition for local
acceptance and support.

Two Department of Transportation/National Highway Traffic
Safety Administration (DoT/NHTSA) documents, "Appendix P--Com-
munj-cations Planning to Highway Safety Program Manua1 No. 11

Emergency Medical Service", April l, L974, and "Communications
Manual - Addendum 1 to Highway Safety Program Manual, Volume II"
provide guidelines that are used prj-marily for the plannJ-ng of
EMS communications systems on a statewide basis pursuant to the
Highway Safety Act of L966 (amended). Using the format of NHTSATs

Appendix P, the Department of Health Education and Welfare (DHEW)

prepared "Guidelines for Developing an EIrIS Communications Plan,
HSA 77-2036,r' March L977, which addresses development of compre-
hensive communications plans for grant applicatj-on under Public
Law 93-154 (Amended). HSA 77-2036 differs from Appendix P by
addressing regional EMS planning rather than statewide planning
and primarily in its added emphasis on tailoring the regional EMS

communications system design to a particular style of "medical
control. "

3



L.2. Purpose
This document is intended to provide guidance in the prepar-

ation of required background (data bases). It is also intended
to aid the planner in identifying the procedures for obtaining
appropriate technical assistance in the conception, design,
and evaluation of regional EMS communication systems. It is not
intended to replace the need for hiring a consultant or to provide
a comprehensive technical reference for specific system design.

If the document significantly improves the understanding and
written/verbal communications between the local planner, Local/
regional communication specialist, and the consultant/supplier
community, the objectives of this document will have been satis-
fied.

1.3. Section Highlights
Section 2 presents an overview of the EMS System as defined

by the EMSS Act and related documentation. The requirements for
an EMSS communications system and the seguence of planning,
procurement, and implementation under the DHEW grant series are
also summarized.

Section 3 is an overview and description of the subsystems
of an EMS Telecommunication System. This Sectj-on is intended as
an orientation for the reader who is not familiar with EMS tele-
communications purposes and concepts.

Section 4 describes the communications system planning
process. This section will aid the reader in gaining an under-
standing of the planning process delineated in the DoT and DHEW

planning guides.
Section 5 addresses the basic EMS communication elements.

The purpose of this section is to acquaint the planner with the
fundamental concepts of land-mobile radio.

Section 6 expands on citizen access and emergency medical
response. The first major subsection involves the 911 planning
process. The second major subsection addresses the concepts and
development of the EI{S command and control center.

4



Section 7 discusses the concepts, regulation and selected
radio configurations employed in EMS medical control communi-
cations. This section is intended to introduce the planner to
specific operational medical control communication systems.

2. OVERVIEW OF EMS SYSTEM

The EMS problem was identified in L966 by the National
Academy of Sciences in "Accidental Death and Disability; the Ne-
glected Disease of Modern Society. t' This study was the catalyst
for a series of Federal, state, and local community initiatives
to improve the care of emergency patients by a coordinated appli-
cation of technology and medical resources. Most notably, under
the Highway Safety Act of L966 (amended), programs were developed
in each state to enhance all aspects of pre-hospital emergency

medical services as a countermeasure to death and injury from
highway accidents. This act resulted in the establishment of
national standards for EMS personnel, equipment, vehj-cles, com-

munications, and other components needed for a system approach to
EI{S. However, it was not until the passage of the Emergency

Medical Service Systems (EMSS) act of L973 that a national,
comprehensive systems approach to emergency medical services
became authorized under Federal law.

2.L. EMSS Act
As defined in the EIvISS Act of L973 (Amended), an emergency

medical services system is one ". which provides for the
arrangement of personnel, facilities, and equipment for the ef-
fective and coordinated delivery, in an appropriate geographical
area, of health care services under emergency conditions (occur-
ring either as a result of the patientrs condition or of natural
disasters or similar conditions) r and which is administered by a
public or non-profit private entity which has the authority and

the resources to provide effective administration of the system. "

5



2.L.L. Fifteen manda ted components

The Act of L973 (.Arnended L976)-, which is ad.ministered by the
EMS Division of the DHEW, identif,ies fifteen conPonents which are
considered mandatory for an efficient opegational system and must

be addressed to qualify for funding under this Rct:
o PROVISION OF MANPOWER

O TRAINING OF PERSONNEL

o COMMUNICATIONS

O TRANSPORTATION

O FACILITIES
o CRITICAL CARE UNITS

O USE OF PUBLIC SAFETY AGENCIES

O CONSUMER PARTICIPATION

O ACCESSIBILITY TO CARE

O TRANSFER OF PATIENTS

O COORDINATED MEDICAL RECORD-KEEPING

O CONSUMER INFORMATION AND EDUCATION

O REVIEW AND EVALUATION

O DISASTER LINKAGE

O I{UTUAL AID AGFEEMENTS.

2.L.2. EMSS overview
It is the intent of Congress and the DHEW to develop EMS

systems, administered under a regional health authority, to
deliver emergency patient care from an accident scene to a general
hospital and/or specialty care center. Special attention is
given to the six clinical target patient categories: trauma,
burn, spinal-cord injury, cardiac, poison, and high-risk infant
patients. This effort includes the development of func-
tional emergency and critical-care treatment plans for
general and specific emergency medical care for patients and

addressing of the 15 mandatory components.

6
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Two specific levels of services are to be developed under

this program, namely:

Basic Life Support Services (BLS) - The minimum acceptable
level of care services available in an areawide EMS system.
Services include universal access and central dispatch of
approved national standard ambulances, with appropriate
medical and communication equipment, operated by a complete
complement of Emergency Medical Technicians (EMT) and Emer-
gency Medical Technicians-Ambulance (EMT-A), availability of
a Category* II hospital facility staffed by physicians and

nurses with emergency medical knowledge and skills and full
implementation of the 15 system components,

and

Advanced Life Support Services (ALS) - The advanced care
services which may be planned for areawide EMS systems. rn
addition to aII of the basic life support services, ALS

includes sophisticated transportation vehicles with full
equipment and telemetry staffed by advanced EMTrs (para-
medics) providing onsite, pre-hospital, and inter-hospital
mobile intensive care, specialized physician and nursing
staffs operating critical care units and emergency depart-
ments, and fuII regional implementation of the 15 system
components. The specific adaptations of ALS services will
of necessity be different in varying geographic areas.

These two levels of service are progressive stages in Lhe

development of the system concept. This does not however, imply
that communities which do not complete all of the stages outlined
(such as telemetry) are receiving a lower level of health care.

*Categorization: A system used to identify the readiness and
capabilities of the hospital and its entire staff to receive and
treat emergency patients adequately and expeditj-ousIy. The four
basic American Medical Association categories are: I Compre-
hensive, II Major, III General, IV Basic. Many states have de-
veloped their own categorization schemes which identify levels of
urgent and critical care capability.

7



There may be. circumstances which obviate the need for guch

telemetry capability.

2.L.3. EMSS grant series
Federal assistance is available through grants under Sections

L202, L2A3, and L204 of Title XII of this Act. These grants may

be awarded to states, units of, loca1 government, public entities
administering a compact or other regional consortium, or any
other public entity and non-profit private entity for;

Feasibility Studies and PJ-anning - SECTION L202
Establishment and Initial Operation - SECTION 1203

Expansion and Improvement - SECTION L204.

Table 1 delineates the activities for which these grant
sections are to be used. Guides to other funding sources for
establishment of communication systems are listed in the bibli-
ography.

2.L.4. EMS communication system
This planning guide deals primarily with communications

which is but one of the 15 EMS system components mentioned
earlier. These components are interdependent and communications
requirements may be influenced by decisions implementing the
other L4 requirements. This interaction will become apparent as
planning of the overall system proceeds.

tlost people have intuitive ideas about systems planning or
"systems engineering" as it is called in more technically oriented
contexts. Systems engj-neering emphasizes defining goals and
relating system performance to these goa1s. It places emphasis
on decision criteria, developing alternatives, modeling systems
for analysj-s, and controlling implementation and operation, The
following quote of Ralph F. Miles, Jr. (1973) may be helpful in
applying systems engineering concept to EMS system development:

"Systems engineering draws on all the cgncepts of
the basic sciences and disciplines. The present state
of the art for system engineering is that, there now

I

,l
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Table I. Summary of Milestones
Public Law 93-154

Title XII

SECTION I2O4sEcrroN 1202

FEASIBILITY STUDIES
ING

o EMS council - Subcom-
mittee on Communi-
cations

o Inventory Assessment
of subsystems - Com-
munications, Facilities
Disaster Plans,. . .

o Table of Organization
and Liaison Relation-
ships - Public Safety
Organizations

o Plans for Intercom-
munications uith
Adjoining Regions

Phase I
Develop Basic Conununi-
cation PIan

-Communications Re-
quirements - Ambu-
Iance/Hospital/
litedical

-Hospital and Inter-
hospital Networks
(Required for ALS)

Communication System
Design (Reflecting
Vertical Categor-
ization)
Imptementation of
Improved Telephone
Access
Central Ambulance
DiEpatch
Comnunications Engi-
neerinq Design, Bid
Specifications and
ContractB
Mutual Aid Agree-
mentE for day-to-day
Operations and Dis-
aster Linkages
with Public Safety
Agencies

o Recordkeeping
System for Access,
Dispatch, Ambulance,
Emergency Depart-
ments. . . for
Project Reporting

Phase II
o Implement, Test and

operate conrmunica-
tions Access and
Dispatch System

o Implement, Test and
operate Basic Two-way
Voice Medical Cormnuni-
cations

o Plan for lttedical Con-
trol /Commun ications
from Resource Hospital
& Associate Hospitals
-Establish Hospital
Regional Network

-Designate HoEpital
for Medical Control
of ALS

o Develop workshops at
State and Regional
Level on Corununica-
tions, Disaster Link-
age Dri1Is, Public
Education and Support
Iggueg

o Design technical
facing of Radio and
Telephone to Provide
Medical Control to
Paramedics and t'acili-
ties from Resource
Hospital
-Dedicated phone lines
to Associate Hospitals

o Implement Medical Con-
trol conmunications -
Two-way Voice and,/or
Telemetry

o Implement Linkages to
Rehabilitation Facili-
ties and Services

o Monitor Pre/Inter
Mobile Intensive Care

o Plan Regionwide
Disaster Dri11

o Test and Evaluate
conmunications
System

o Prepare Final Report
-ceneral Description
and Operational
Protocols to be
Included in Regional
Elt{S PIan

SECTION 1203

OPERATIONESTABLI



exists a well-demonstrated methqdology fqr integrating
technical disciplines into technical systems.

rrThe systems approach will not solve proble.rns for
you. OnIy you can do that. What the system appgoach
will do is permit you to undertake the resolution--
your resolution--of a problem in a logical, rational
manner. You are the one who must ascertain that a
problem or a need exists. you are the one who must
develop the criteria for selecting a suitabte alter-
native. The systems approach will not do any of
these things for you.

rrThe systems approach will al}ow you to express
your individualism rationally when you identify your
problemr lour alternativesr and your decision criteria."

section 4 describes the systems engineering approach to the
development of EMS communications.

2.2. Individual and Organizational Retationships
The political, economic, and social environment in which an

EMS system evolves is all too frequently either ignored or poorly
understood by the technical planner. This may result from an
attitude that technology and politics are mutually exclusive or
from a tendency for technically oriented individuals to shun such
problems. Regardless of the reasons, EMS communications planning
must be conducted in the real world with as clear a perspective
of the political, economic, and social realities as of the tech-
nical aspects. To i-gnore these rearities, will not only insure
program problems, but will reduce the chances of achieving maxi-
mum EMS system efficiency.
2.2.L. Local orsanizational relationships

It is particularly important for the EMS planner to earn
credibility and legitimacy within the local communication com-
munity. ff a conrmunications committee does not exist, the planner
should endeavor to establish one. Figure 2 depicts those agencies

I

(

I

I

I

I

I

I

I
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EederalOther Private and
Public Jurisdiction

Civic, Private, Professionaf
and Voluntarv Associations

Consumer Organizations
Area and LocaL Health

Planning Agencies
State Advisory Committees

ON EMS
Regional Medical Proglans
Health Advisory Boards
Hospital Districts
Licenseal Hospitals
Private Ambulance services
Drug Abuse council.s
Mental Health Councilg
Radio and Tv Stations
Ansrering services
Telephone Company
Utility Conpanies
special Lcal Eacj.lities

'MiIitary Base
'Large Industry'University

CitizeD Band Organization

DHEW--Public Health Service
Division of Emergency'ledl(aI

services
Food and Drug Administration
National Clearinghouse for

Poison ConlroI Centers
Department of Interior
National Park service
Bureau of Mines
Department of Transportation
National Hi.ghray Traffic Safety

Adninistration
U.s. Coast Guard
Pederal Aviation Adni.nistration
Pealeral comunications

comission
Depaltment of Defense-_U.S.

Army, Navy, Air Force
Departnent of Housing ana Ulban

Development
Federal Emergency

Managerent Adm!nistration

Merican National Red Cross
American Heart Association
American coftege of Emergency Physicians
Ameri-can Association of Poison Control

Cente!s
American College of Physicians
American college of Surgeons
American Academy of orthopedic

Surgeons
Ame!ican Trauma Society
Association of PubIic Comunication

Officers (APCO)
Ambulance Associations
Dental. Associations
Hospital Associations
Health Officers Associati.ons
Emergency Departnent Nurses

Associations
National ski Patrol
Peace officers Association
EMT and Paramedic Association
search and Rescue AssociaEions
Anateur Radio Associalions

LOCAL
EMS

COUNCIL

State Local JulisdictionDepartmental

Local Officials
'Board of supervision
'country Comissioners
'Mayors

Local Adninistration
'city l4anagers'County Managers

City PoLice
County Sberiff
City Fire
Fire Protection Districts
Pubtic Anbulance selvices
Civil Defense Directors
cri.sis Centels
City and County Public l,rolks
city and County Traffic safety
City and County Comunications

Departnent

tlealth Prqtection Systems
Preventive Medical Services

Program
Emergency l'ledical services
Environmental Hea1th Program
Office of Comprehensj.ve Health

P lanning
Project Management Research

Review
Hea1th Facilities Licensing and

construction
Infectious Disease Section
Family HeaLth Services Section
crippLed Children services Section
occupati.onal Health section
Radiological Health section
Legal Affairs
Of f ice of Comunications

Department of Education
Depaltnent of General Services-

comunications Division
Department of Health
Department of Parks ana

Recreation
Departnent of Aelonautics
Departnent of Motor Vehicles
Department of Agriculture
Highuay Patrol
Dj"vision of Highways
Division of Porestry
comission on Peace officers

Standards and Training
Board of Nu!sing Education and

Nurse Registration
Board of Pharmacy
office of Traffic safety
University system
Board of EMf and Paramedic

Examiners
Department of CiviI Defense
National Guard

H
H

Figure 2. EI4S contributing agenci_es.



which should, depending upon th.e size of th-e communications Sys-
tem, be advised that a systerB or system upd,ate. is being planned.
rnput from many of these agencies and associations nay wer].
provide the basic building btocks for the plannetr. TIr-e local
committee should serve as a forum for fofmulation and direction
of EIIS communication planning. An agency or department manager
(porice, fire, hospital, ambulance, etq.) who is represented,
consulted, and invol-ved in the early stages of policy formulation
will usually take a positive. attitude toward. the EMS planner and
EMS planning. This should not imply that early coordination will
automatically insure agency approval or endorsement, but will
improve the chances of later cooperation when moving from concept
to implementation.

Another important by-product of initial agency participation
is that the concerns, fears, suspicions, and objections of the
various agencies can be understood and more fully considered in
the system design. A common failure in many prograns is the
tendency to ignore early concerns, thinking they wirl disappear as
the program proceeds. conversery, some earry agency concerns
will indeed fade away when the implementation phase commences.
The planner must exercise care in differentiating between these
two cases.

The structure of the EMS communications committee wirl
become evident during regular meetings, but it is important for
the planner to meet with the various agency members individually
to insure that both the private and public EMS positions are
understood. This understanding gained from informal discussions
usually lead.s to greater cooperation. of particular concern, is
the need to work with the various agencies I operational personnel
with the knowledge and approval of the agency heads. These are
the peopre who must ultimatery endorse and actively support
change within their agency. rn addition, the operational person-
nel are most familiar with the strengths and weaknesses of an
existing communication system and witr be most affected by any
changes. The advantages to be gained from their experiences and
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recommendations will improve the chances for implementing any

needed system modification because agency personnel can identify
with the proPosed changes.

The 1ocal EMS organization usually takes the form of an EMS

council. This council is generally designated by the local
governing authority (City Council, Board of County Commissioners,

etc.) as the focus for ElvlS-related planning and coordination.
The conunittee structure of the EMS council will vary to some

degree depending on the priorities, leadership patterns, and area

of the particular community. The council typically has a number

of standing committees, one of which will be communications'

Figure 3 sets forth one configuration depicting local EMS council
interrelationships. By-laws and membership requirements vary

from council to council and reflect local differences and needs.

2.2.2. State organizational re lationships
The local EMS communication planner will usually coordinate

with a number of communication planners rePresenting the various
state departments set forth in Figure 4.

Most states have one or more EMS-related agencies that assist
and./ox coordinate Federal programs with bodies having local
jurisdiction. In most states, the lead EMS agencies are affili-
ated with the State Health Department and the State Highway

Safety Department. It may well be that these agencies have

funding allocations for essentially the same EMS tasks (EI{S

communications, transportation, dispatch center development. . .),
generating some degree of duplicated effort and intragovernmental
rivalry. This rivalry may be generated at the state level or be

a result of Federal legislation and resulting Federal bureaucratic
differences. Regardless of the reasons for the rivalry, the

Iocal EMS planner must attempt to utilize these various state and

Federal programsr ElS applicable, to solve local EMS problems' It
is important that, the planners develop a working knowledge of
program requirements of each funding agency to ensure that all
possible sources of potential EMS funding are submitted for loca1

EIIIS council consideration.
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STATE 8 FEDERAL
AGENCIES

LOCAL
GOVERNMENT

EMS
COUNCIL

EMS EXECUTIVE
COUNCIL

FACILITIES
COMMITTEE

TRAINING
COMMITTEE

COMMUNICATION
COMMITTEE

TRANSPORTATION
COMMITTEE

EVALUATION
COMM ITTEE

OTHER
COMMITTEES

( See f igure 4 )

Hr

Figure 3. El,tS council interrelationships.



INTERAGENCY COORDINATING COMMITTEE

WORKING GROUP
ON COMMUNICATIONS

DEPARTMENT of
HEALTH,

EDUCATION
ond WELFARE

DEPARTMENT of
TRANSPORTATION

FEDERAL
EMERGENCY

MANAGEMENT
AGENCY

DEPARTMENT of
JUSTICE

DEPARTMENT of
AGRICULTURE

RURAL
ELECTRIFICATION
ADMINISTRATION

EMERGENCY
MEDICAL
SERVICES

HIGHWAY
SAFETY

CIVIL
DISASTER

LAW
ENFORCEMENT

REGIONAL EMS COUNCILS

LOCAL GOVERNMENTS

H
(rl

FEDERAL
AGENCIES

STATE
AGENCIES

LOCAL EMS COUNCILS

Figure 4. Relationships of 1ocal, state and federal EMS.



2.2.3. Federal organizati onal relationships
Most Eederal agencies involved in EMS have regional offices

through which programs are administered. It is therefore unlikely
that the local EMS communication planner will have the need or
occasion to interface directly with the various Federal agencies
responsible for EMS program administration. This, however, does
not mean that the local planner should not be aware of, or par-
ticipate in, the various EMS conferences and workshops held under
Eederal sponsorship. Attendance at these events gives the local
planner the opportunity to discuss the problems encountered with
other planners who may or may not have experienced the same

trials and tribulations.
2.2.4. EMSS proiect region organizational relationshi ps

EivISS project regions are various groupings of loca1 EMS

systems which together serve a larger geographical area. These
regions, determined by Federal, state and rocal jurisdictions,
were designed to preclude geographical overlap and to conform as
closely as possible to established medical service catchment
areas. Figure 5 depicts the project regions within the state of
cororado. There are more than 300 such project regions within
the United States.

The administrative structure of these project regions is
difficult to categorize because the region is frequentry not a
political entity (city, county, state, etc.), but a combination
or subset of counties or states. This frequently leads to con-
fusion regarding political jurisdiction, cost sharing, urban
domination, etc.

Relationships with other regional or area members are usually
an outgrowth of common problems, personal friendships, grant
requirements and the like. The makeup of the EIvtSS Project Region
requires the local communication planner to understand the polit-
ical, economic, and social ramifications of the region in much
the same way as he must understand the locaI EMS system itself.
There is a need for the planner to be sensitive to urban/ruraI
differences, to historical and human differences and misunder-
standings, and to the unique needs of the area involved.
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Since the EMSS Project Region is frequently a grouping of
autonomous cities and counties, regional decision making is us-
ually reliant on a consensus of these bodies. This does not
imply that agreement and decisions are never reached, but the
process is often ill-defined and subject to electoral politics.
Each participant must see some short- and/or long-range advantage
in the process. These conditions are not unique to the EMSS

Project Region, but are shared by most regional organizations
which attempt to persuade their members to give up a degree of
local autonomy. The planner will also find that historical
misunderstandings on non-EMS issues will influence decisions on
EMS, requiring patience and understanding in order to gain
acceptance and support for EMS cooperation.

2.2.5. DHEW regional jurisdictions
The EIvISS Act is administered by two agencies of the Publi-c

Health Service: the Hea1th Services Administration (HSA) and the
Health Resources Administration. The HSA, through its Division
of Emergency Medical Services, administers the 1202, L203 and
1204 grants. The 300 EMSS project regions mentioned in Sec-
tion 2.2.4 are combined, under the DHEW grant series, into ten
super regions, €rs shown in Figure 6, with one regional office
serving each. Each of these offices has an EMS program consul-
tant in the office of the Regional Health Administrator. A1so,
in each of the ten regions, a medical doctor consultant has been
designated to assist in the management and administration of the
grant program. The doctor, in turn, is aided by a telecommuni-
cations engineering consultant. These ten telecommunications
engineering consultants and a chairman constitute a nation-wide
EMS Telecommunications Consultant Team to assist Regional Admini-
strators and EMS project regions in utilizing appropriate tech-
nology under the 1973-L976 EMS Act.

The role and responsibilitj-es of the EMS Telecommunications
Consultants are:

18



H
\o

I

I

oo

IX

G

"p

IIII

Figure 6. Ten super regions under DHEW'



(1) To provide technical assistance to all prospective
grantees
a. identifying the need for including more advanced

EMS operational features in future equipment,
b. recommending critical design limits that go into

production of EMS-related communications equip-
ment, e.9., size, weight, complexity of operation,
etc. ,

c. identifying the impact of new equipment on exist-
ing EMS system implementation and the problems
that develop on a regional or state-wide basis
with the incompatibility of 'new' versus rrold'r

systems.
(2) To review and approve regional communication system

implementation plans for 1203 and 1204 projects (any
differences of opinion will be reviewed by the team
leader and other team members.)

(3) To assist Federal Regional Directors in administering
the blanket communication condit,ions placed on each
local region project.

(4) To assist Federal regions and the Office of the Direc-
tor of DHEW, El4S, to pursue opportunities and more
actively to utilj-ze joint Federal agency funding in the
implementation of regional communication systems with
common public access to meet public safety and security
needs.

(5) To represent the Office of the Director of the DHEW,

EIllS, within and before public safety communications
professional organizations, public utility interface
study groups (911) and the communication industry.

(6) To assure close working relationships with committee or
planners of other related telecommunication system
developments within the Federal region, keeping the
region director and EMS project managers advised of
such plans (i.e., motorist aid--DoT; wired city--HUD;
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highway systems and agricultural sensors--DoT,/egri-
culture; parks and recreation centers remote services--
Dept. Interiori etc.)

3. EMS COMMUNICATION SUBSYSTEMS

3 . L !'unctions
Communications is that vital link required for rapidly

obtaining professional medical services or professional medical
advice. This link and the wise management of all resources can
well mean life or death for the critically ill or injured person.
Many lives could be saved and much disability prevented simply by
the prompt, systematic application of established principles of
emergency medical care. The problem is usually one of time and
distance.

The rudiments of EMS communications are illustrated in
Figure 7. The functions represented here are Citizen Access,
Emergency Response, and Medical Control. Other interface coordi-
nation functions may also be required, depending upon the emer-
gency and the region or cofiununity (i.e., metropolitan area with
many public safety agencies and associate hospitals).

LINK
I

TRANSFER

LINK
2

COORDINATION

LINK
3

Figure 7. Rudiments of EMS Communications.

CITIZEN
ACCESS

EMERGENCY
RESPONSE

MEDICAL
CONTROL
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AGENCY EMERGENCY
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RESOURCE EMERGENCY
SITE
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3.1.1. Citizen access
The telephone system serves as the most readily available

means for most citizens to notify the EMS system of an emergency.
Technically, it is quite feasible to develop a universal emer-
gency number, 911, to access all public safety agencies in a

region or community via a Public Safety Answering Point (PSAP).

This is the most expeditious way in which contact with the proper
EMS agency may be achieved. If the incorporation of 911 during
the planning and implementation of the system is not feasible, a

common 7-digit number for emergency access to police, fire and

EMS is encouraged for the community. This simplifies the task for
the citizen since it reduces the number of d.ecisions he must make

regarding the type of EMS response (s) required and the amount of
equipment needed. This increases the responsibility of the
public safety communications office, but will generally improve
the efficiency of the dispatch command and control function.

In addition to the public telephone system, some communities
have additional citizen access through citizen band radio
(Channe1 9) , radio call boxes (street and highway), commercial
radio systems (i.e., utility companies, private bus systems,
taxicabs. . .), private alarm systems, aircraft radio systems and
amateur radio monitoring. The use and resulting influence of
these various other access methods is determined by need and
cooperation at the loca1 level. Section 6 will treat the technical
planning aspects of this subsystem in more detail.
3.L.2. Emergency response

The response of the EMS system elements to an emergency
request involves the coordination of public safety resources.
Public safety is really teamwork requiring resource allocation
decisions. Some emergency systems require the citizen to make

the resource allocation decision by dialing the appropriate
agency (Iaw enforcement, fire, ambulance, hospital. . .). This
is usually one of a long list of 7-digit numbers. In other
words, the citizen must decide, usually during a time of extreme
anxiety, the type of aid required. Ideally, the citizen requesting
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emergency assistance dials a single number (i.e., 911), reports
the problem to a trained operator, and the appropriate level and

type(s) of response are provided in the shortest possible time.
In many cases a single incident may require response from

more than one public safety agency. As in the case of a traffic
accident, the police department is needed for traffic and crowd

control, the fire department is needed for a gasoline fire hazard,
and perhaps extracation of victims, and medical assistance is
needed in the case of injury. Whenever such an emergency demands

supporting agency assistance, such assistance requires a communi-

cation system, tied to a control center which can coordinate the
separate resources and their activities.

Operational experience with PSAP systems has shown that
approximately 85t of incoming caIIs involve police services,
108 fire services, and 58 EMS. However, further analysis of
these statistics indicates that some 35t of the police calls have

associated medical requirements. Figure 8 shows the flow from
incident to response and Section 6 will further explain the PSAP

concept.
The organizational and technical configuration of the emer-

gency response system will vary depending on the need and cooper-
ation of the various agencies in the system (public safety,
private ambulance, hospitals, search and rescue. .). The

specific configuration of the communication dispatch system will
reflect this level of agency cooperation in its operational
structure and technical interface design. Sections 5 and 6 will
deal more fully with the technical aspects of designing an EMS

response communication system.
It is the responsibility of the EMS Communications Planner

to work closely with the EMS Communications Committee in develop-
ing an emergency system which facilitates both citizen access and

appropriate agency response. The first act on the part of EMS is
the mobilization and dispatch of personnel and equipment to the
scene of the emergency. As part of this mobilization, the
hospital (s) will also be alerted to prepare to receive the
emergency patient (s) .
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The dispatch function coordinates the vehicle movement

generally through radio dispatch channels. This vehicle command

and controL usually requires only brief use of a radio channel to
give instructions and directions.

3.1.3. Medical conLroL/supervision
The term medical controlr/supervision means the directi'cn and

advice provided from a centrally designated medical facility
staffed by appropriate EMS personnel, operating under medical
supervision, supplying professional support through radio or
telephone communication to on-site and in-transit basic and
advanced life-support personnel. The communication linkages
necessary for this function should have pre-established protocols.

Medical control requir"es a channel to be available at all
times when a patient is being served in the fie1d. The channel
is assigned to the vehicle by a central communications control to
permit dialog to be set up between the EMS field personnel and

the physician control. The radio system is used to transmit the
general condition of the patient and such vital signs as blood
pressure, pulse rate, approximate d9€, weight, etc., by two-way
voice communications to a physician or physician surrogate (nurse/
paramedic) at a hospital. Hand-held portable radio unj-ts permit
communications outside the emergency vehicle - especially from
the event site. AIso, personal portable units are important to
rural physicians who may not be resident at a hospital when

assistance is needed. In some cases, vital signs such as electro-
cardiograms are also transmitted via the radio channel to assist
the physician in providing medical instructions and supervision
to the personnel in the field. The EMS communications systems
may allow crosstalk between units to assist in coordination, but
a primary link for medical control is always required.

:

I
i

3. I.4. Other
A set of operational procedures is an

the operation of the communication system.
planned the communication system may be or
devices may be used, trained operators are
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system is to be fully utilized. Simple, concise procedures must

be developed, distributed, and thoroughly understood by all
persons who use the system. Included in these procedures is the
def inition of responsibility for the communi-catj-on f unctions.

In sunmary, the communication system should have the capa-
bility to provide at least the following functions:

o Rapid citizen access
o Mobilization of EMS and public safety resources (alert-

ing, paging)
o Vehicle coordj-nation (dispatch and delivery)
o Medical control/supervision
o rnterface coordination (radio and/or wire line)
o Hospital security*
o Supporting operational procedures.

4 THE EMS TELECOMMUNICATIONS PLANNING PROCESS

This section summarizes and adapts the content of a report
entitled, "Planning Guidelines for Law Enforcement Telecommuni-
cations Systems"'t* prepared by The Associated public-Safety
Communications Officers, fnc. (APCO) for the Law Enforcement
Assistance Administration (LEAA) under project 13. This law-
enforcement planning process, adapted to EMS and supplemented by
the DHEW and NHTSA communication guidelines, is designed to serve
a similar objective in assisting locaI, regional, and state EMS

*Hospital security is an inherent part of the EMS system. Hospital
security personnel are often trained to coordinate arrival of
patients and are particularly useful in sensitive cases involving
alcohol, drug abuse or other 1aw violators who may need emergency
medical heIp. Some cases may even involve emotionally disturbed
patients.
**These guidelines were specifically developed to assist municipal,
county, and state personnel engaged in developing telecommunica-
tions plans under the concept of the State planning Agency in
conformance with the "Omnibus Crime Control Act of 1968.,, The
primary objective of these guidelines was to ensure a rational,
orderly process of plan development from identification of goals
and objectives through implementation and evaluation.
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planners. It is also anticipated that the use of a common plan-
ning process will encourage greater planning cooperation among

public safety agencies and reduce the duplication of effort in
data base collection.

4.L. EMS Telecommunications Systems Planning
The systems approach or "systems engineering", ds mentioned

in Section 2, is popular term today, but in common parlance does
not have a very precise meaning.

Emergency Medical Service telecommunication systems planning
is the analytical process by which the communications needs of a

specific Local or regional EMS system are identified, a set of
desired goals and objectives are defined, and alternative courses
of action are developed. This includes the selection and imple-
mentation of a course of action from among those alternatives.

The planning process requires that both short-range and

Iong-range goals be considered carefully. Short-range goals
should be designed so that they not only address conspicuous
system deficiencies, but also incorporate objectives which are
readily achievable and provide ear1y, positive feedback to the
user groups. Long-range goals, by their very nature, are more

far-reaching and must consider the impact of totally new systems

and technology.

4.2. General Description
The organization of the planning process can be described by

the following interrelated steps or phases:

o Identify and understand the problem
o Establish goals and objectives
o Establish planning assumptions
o Determine alternative courses of action
o Evaluate the alternative courses of action
o Select a course of action from the alternatives
o Establish priorities for using available resources
o Implement the selection
o Evaluate the results in terms of the problem.
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These steps are mutually dependent and several iterations or
feedback paths are defined in the graphic representation shown in
Figure 9. Some basic considerations for developing the planning
elements in the figure are shown in Tab1e 2, The planning process
should be flexibre enough to accommodate any size project. For
large projects, the plan may be written in detail and published
formally as a comprehensive plan with numerous short-range plans
supporting it. smaLl projects may require onry a schedule and
check list for the plannerrs use. planning rogic will lead to
points within the plan outline where decisions are made regarding
how the pran should proceed. A flow diagram for a large project
is shown in Figure 10.

rn order for the planner (s) to proceed rogically with the
EIUS planning Process r Etn understanding of user requirements and
loca1 resources (data base) must be developed. Working within
the policy framework of the rocal EMS council, the planner(s)
must document the user requirements and existing resources so
that the Elvls council can develop and recommend short- and long-
range goals. These goals wourd then be submitted to the appro-
priate local officials for approval and funding authorization.
since EMS must compete with other Iocal groups for funding, welr-
developed plans and presentations to local officials wi1l enhance
the probability of obtaining EMS system funding.

4.3. EMS Telecommunications User Requirements
Prior to correcting detailed resources (data bases), it is

necessary to understand the basic user needs for the local EMS

system. This requires expricit understanding of the general
framework in which the probrem is to be defined (definition,
description of the EMs geographical area, detailed listing of
each agency involved.

The total EMS telecommunications system must be verbally
defined and diagrammed. Diagramming their telecommunications
system can, if done during early interviews with the EMS user
groupsr pr€velrt misunderstandings and can enhance agency confi-
dence in the planner. rn addition, it provides the pranner with
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Table 2.
Planning Co nsiderations

(,
o

Significant
Considerations

Elements of the Plan

The projection of future needs is confirmed

The need to change is zupported by fact

The need to change is acceptable to the user

The planning for change is not premature

The present system can be define{ factually

The planned change can satisfy the need

Resources are available to generate a plan

The planning process will have dynamic feedback

Authority to make planning decisions is clear

Resources are available to implement the plan

Results will be nreasurable quantities

Measurable results are comparable to established needs
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a better understanding of the existing system so that a more
logicaI, efficient data-base-corlection plan can be developed.

4.3.1. External constraints on the system
The existence of numerous external constraints covering the

range of possibre solutions constitutes a rarge part of the
challenge in planning EIvtS telecommunication systems. Awareness
of the primary applicable external constraints (po1itica1, tech-
nical, legalr or fiscall is necessary prior to commencing system
design or modification.

For example, one of the principar externar- constraints in
urban areas is the limited portion of the radio spectrum that is
available. This is expressed in the form of legaI requirements
that apply to the use of two-way radio systems. The Federal
Communications Commission (FCC) assigns the use of the frequency
spectrum to the various nongovernment radio services. The
Interdepartment Radio Advisory Committee (IRAC) has similar
authority for Eederal Government users. The EMS dedicated fre-
quencies are shared and are thus jointly allocated under the same
rures and reEulations. rn addition, part L7 of the F,cc Rules
and Regulations covers the construction, marking and tighting
of antenna structures. These Rules and Regulations were devel-
oped in conjunction with the Federal Aviation Administration
(FAA). In some instances, municipal, countyr or other local laws
may also affect certain aspects of communications planning. For
example, zoning ordinances and building codes may apply to the
construction of buildings which house communications equipment.

4. 3. 2. System performance standards
Each agency or service invorved in the delivery of EI,IS

patient care is concerned with various performance standards. A
performance standard may either be an exact value which must be
attained t ot, more frequently, such a standard may be a set of
bounds, i.e., a minimum value that should be equaled or exceeded
and a maximum value that should not be exceeded. If both a mini-
mum and a maximum value are specified for a performance measure,
then a range of acceptable values is defined.
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In EMS telecommunication systems, there is a degree of
uncertainty concerning the exact conditions that will be en-
countered. For example, the number of telephone calls requesting
emergency service in any future time interval cannot be known in
advance. A central- concept in coping with uncertainty is that of
probability. This is a numerical measure of the relative fre-
quency of occurrence of alternative conditions or events. The

proper use of probabilities in conjunction with EI,IS telecommuni-
cation system evaluation and planning introduces a degree of
realj-sm that is useful. For example, the use of a sufficient
number of dedicated or direct lines to eliminate all busy signals
or delays in the system is desirable but prohibitively expensive.
The provision of sufficient lines to assure a probability of 0.99
that a call can be completed may be much more realistic and

adequate for most needs. Much work has been done on such

standards of performance, particularly for police conrmunications,
and experience obtained there shoutd be adapted to EMS communi-

cations planning.

4.4. Establishing a Data Base

A local resource data base is a collection of basic and

factual information organized for easy retrieval. It provides a

measure of the staLus for both resources and management of the
existing telecommunications system. The size of the data base

and the sophistication of associated data retrieval methods will
depend on the scope of the telcommunications management system

responsibilities and the equipment available for data system man-

agement. The data base files are used to:
o Identify existing system objectives
o Identify existing system inadequacies
o Establish implementation priorities through the quan-

tification of needs

o Document the current system parameters for use in post-
project evaluation

o Identify existing resources to be used for system

improvement.
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Rural regions and regions w.i th minimal existing communications
facilities will not require an elaborate data base or data man-

agement system.
Regional EMS system development generally requires coordi-

nating and bringing together exi-sting health-care facilities such
as hospitals, ambulance services, information centers, dispatch
capabilities, public access communications, etc. The resultant
telecommunication system is highly dependent upon existing and

planned resources which make up this health care system for the
planning region. Designing an appropriate telecommunications
system to meet the EMS delivery requirements for the region will
be frought not only with the technical difficulties of making the
existing hardware serve the total system requirements but also
with jurisdictional problems associated with changing from the
existing operations to an integrated system. Acquiring, main-
taining, updating, and evaluating the regional data base will be

a continuing responsibility.
Data bases contain three general classifications of ma-

terial, namely: inventory fi1es, management data files, and
technical data files.
4.4.L. Inventory files

The inventory files are lists of current physical assets
(antennas, transmitters, etc.) and resources of EMS telecommuni-
cation systems in the city, county, region, et state. Initially,
much of this inventory may be privately owned and this presents a

special challenge for EMS system planners who must determine
proper incorporation or disposal of existing equipment. Similar
inventory files from police and fire departments should also be

available if sharing of equj-pment is planned. Some suggested
subdivisions of these files are shown in table 3. For example,
the table shows that the make, model, serial number, and age of
all hardware units in computer systems, control consoles, base
stations, mobile stations, microwave control links, data termi-
na1s, recording systems and emergency power units should be filed
in the data base.
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table 3.
Inventory File

*Equipment serial numbers should be included on
the configuration is often assocj-ated with the

the inventory sheet if available, because
serial number.

Data Required 
*

Data Source

Computer
System

Control
Consles

Bar
Stations

Mobile
Strtions

Portable
Strtions

Microwave
Control

Links
Data

Terminals
Recording
Systcms

Emergency
Power
Units

Make, Model, and Age-All Hardware Units
Location of AU Bas€ and Remote Units
Number of Units
Number of Channels per Unit
Frequency of Each Channel
Assignment of Each Channel
Mode of Operation of Each Channel
Transmitter Power Output
Receiver Sensitivity, Noise Blanking, Output
S€lective Signaling Tone/Digital Devices

Antenna Towers, Transmission Lines, and Filters
Antenna Location, Height, Gain, Pattern, etc.
Number Remote Control Links Wireline/Radio
Number and Type of Mobile or Fixed Data Terminals
Number of Repeaters-Fixed and Mobilc
Number of Portables and Mobiles
Number of Auxiliary Boosler Amplifiers
Number and Type of Battery Chargers
Number and Type of Logging Recorders
Number and Type of lnstenl Playback Rccordcrs
Number and Type of Closed Circuil TV Units
Number and Type of Pagers and Public Address Systems

Number and Type of Facsimile Systems

Number and Type of Telem€try Systems
Number and Type of Electronic Sirens and Warning Devices

Continuous and lntermittent Power Rating
Maximum Allowable Time at lrull Power

Type and Characteristics of Activation Systems

Voltage, Current, Frequency and Phase Ratings
[;uel Type and Storage Requirements
ldentity of Data System Accessed by [.ach Unit
Number and Type of Data Display Units
Number and Type of Situation Display Units
Secudty System Type and Characteristics
Number and Type of Leased Units

x
x
x

x

x
x

x

x
x

x
x

x
x
x
x
x
x
x

x

x
x
x
x
x

x

x
x
x
x
x

x

x
x
x

x
x
x
x
x
x
x

x

x
x

x

x
x
x
x
x

x
x
x
x
x
x

x
x

x

x
x
x
x

x

x
x
x
x
x
x
x
x
x
x
x
x
x

x

x

x

x
x
x

x
x

x
x
x
x

x
x

x

x
x

x

x
x

x
x
x
x

x
x

x
x
x

x

x

x
x

x
x
x

x

x
x
x
x
x

x
x



4.4.2. Man ement data f les
Management files contain data on organizations, operations,

and subelements (hospitals, dispatch centers, transportation
resources, etc.l that wilL asSist in the regional management of
Eivls telecommunications resources. These f iles are established
and updaLed by periodic surveys of hospitals, resource centers,
fire departments, and other cooperating agencies in the EMS

region and by state and local government agencies which may

contribute or cooperate with the EMS system within a given region
or state. Management fil-es are important for obtaining a clear
understanding of the functional and operational requirements of
each subelement and for identifying and evaluating alternative
organization systems. Suggested data which can be included in a

management file are displayed in Tab1e 4.

4.4.3. Technical data files
Technical and engineering data files are established and

updated as resource material to support telecommunications system
design and irnprovements. Some of the suggested files which
provide the basic resource data are outlined in Table 5. Required
radio propagation data are often available from the user aad/or
firms that have provided engineering services in support of
previous installations. Contracts for the design or implemen-
tation of public safety telecommunicacions systems within the
planning area should contain a standard clause requiring all
engineering data generated under the contract to be added to the
data base in the technical files.

A formal methodology is needed if a truly comprehensive
te.Iecommunications system data base is to be obtained and kept
current. At least the following eight steps are required:

Identify the user communities
fdentify the system manager

Compile the data survey information
Conduct orientation meetings
Collect the data

0

o

o

o

o
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Tab1e 4.
Management Fi les

Data Source

Oata Required Computer
Center

Resource
Coordi nation

Uni t
Telephone

System
Pl anni ng

Unit
Admi ni strati ve

Unit

Hospi tal
Conmun ications

Uni t

Labor and Overhead Cost per Shift
Training Costs
l,laintenance Costs per System and Unit
Lease and Rental Costs
Hardware Purchased Prices

x
x
x
x
x

x
x
x
x
x

x
x

x
x

x

x
x

x
x

x
x
x
x
x

Number of Agencies Dispatched per Shift
Number of Dispatch Positions per Shift
Number of Complaint Positions per Shift
Nunber of Personnel by Classification per Shift x

x
x
x
x

x
x x x x

Annual 0n-Air Time and Down Time per System
Cormunication Traffic Rates -All Circuits
Information System Traffic Rates
Intrusion and Fire Alarm Rates
Crossband System Activation Rates
Phone Patch System Activation Rates

x

x

x
x
x
x
x
x

x

x

x
x

x
FCC License Renewal File
Mutual Aid Comunication Plan and Agreenents
Disaster Comrnunication Plan and Agreements
Catalog of Computer System 0utput Reports
Charts of Mutual Aid and Statewide Frequency Channels
Copies of Lease, Rent and Use Aqreements

x

x
x

x

x

x

x
x
x
x
x
x

x
x

Number of Emergency Telephone Lines
Number of Administrative Telephone Lines
Number and Type of Special }Jirelines (}JATS, etc.)
Computer Aided Dispatching Facil ity
Vehicle Locater and Display Facility
Phone Patch Capability

x
x
x
x

x
x
x

x

x
x
x
x

x
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Table 5. Technical Files

ttata Requ i red Suggested Data Source

(,
co

Vendor's Catalogs of Available Hardware
Specifications for Present System Hardware Items
Specifications for Present System Perforamance Parameters
Installation Data for Present Hardware Items
Computer System Programs and Users' Manuals
Information System User's Manuals
File of Standard Procurement Specifications and Procedures

Vendors' Representatives
Procurement Documents from Purchase Contract
Procurement Documents and Test Results
Hardware Installation Manuals and Instructions
Computer Center and Computer Vendor
Information lystem Vendor or 0wner
Regional or State EMS Planning Agency

Spectrum Management Data
Records of Radio Channel Interference and Noise
Propagation Test Results-Rad'i o Coverage llaps
Propagation Analysis Data for In-Service Channels
Logs of Traffic Loads by Type for l.Ijrelines and Radjo
Queueing Analysis for t,rlireline and Radio Channels
Topographic Maps of Radio Service Area

Federal Comnmunications Com.rission (FCC)
Logs of the Dispatch Center and Conmunication Center
System Contractor Engineering Unit and System Test Reports
System Contractor Engineering Data and System Test Reports
Logs of the Dispatch Center and Communications Center
System Engineering and Telephone Company Engineering
United States Geological Survey-U.S. Department of the Interior

Statistical Projections of Area Population Growth
Statistical Projections of Area Demographic Trends
Estimates of Number and Duration of EMS Events
Statjstical Projections of Wirel ine and Radio Traffic Growth

U.S. Census Data-{J.S. Census Bureau
Local Chamber of Commerce Statistical Service
Receiving Hospital Emergency Room Records
In-House Projection from Historical Growth Data



Compile the data base

Analyze the data hase

Update the data base.

TraditiOnal methods of conducting a data survey are

individual interviews, maiL suryeysr dnd telephone surveys.

4.5. Defining Specific EMS Communication Problems

The preceding two steps (user requirements and data base

developmentl should provide the planner with a clear understand-
ing of the existing telecommunications systems and the oper-
ational procedures associated with their use. An analysis of
these data will assist the planner in documenting existing EMS

system strengths and weaknesses and formulating recommendations.

At this point in the planning process, it is often advan-
tageous for the planner to visit other EMS systems which have

similar characteristics (i.e., population, geography. . . ) . rt
is also appropriate to include representatives from public safety
and medical services in the visit so that they can directly
interface with their respective counterparts [i.e., personnel in
law enforcement, fire protection, ambulance, and emergency room

service, public education, communication maintenance. .) .

Drawing the various service personnel together for site visits
also has the advantage of focusing their attention on telecommuni-
cations, a task which may prove difficult or impossible in their
busy, day-to-day work environment. The site visits, tf carefully
plannedr cEr.n provide a forum for new ideasr cdr! allay real or
imagined fears, can develop confidence in proposed system changes,

and can Serve as a point of contact for future discussions of
problems.

From study of user requifements, existing Iocal resources
(data bases), and from experiences gained from other EMS systems,
the planner can submit a report to the EMS qommunications

Committee for their review and coordination with the EMS Council.
This report, integrated with the other EMS Committee reports

o

o

o

I
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(i. e. t4ansportation, l,gainingr facilities. , , L wi.1I pgoyide
the Eit'IS Council with the necessary inforpation to formulate long-
and short-range goals.

It is again stressed that telecommunications is only one
component of the system. The EMS Council is responsible for
assuring that the mandatory EMS components are integrated and
organized in a manner consistent with locaI needs. Telecommunica-
tions, like the other components, is but one way of improving
patient care, and should not be considered an end in itself.

Thus far, the various planning steps described above are
those performed by loca1 personnel. However, it is advisable for
the EMS Council to submit the planning data to a qualified con-
sultant for review and comments. This added step requires addi-
tional time and funding, but it can prevent inbreeding of ideas,
can propose options not considered and standards not incorporated,
and it can confirm that the planning is basically sound.

4.6. Setting Goals, Objectives, and Requirements
Experience indicates that goals are always present, whether

by neglect or positive action. It is assumed that the analysis
of user requirements and existing local resources (data base)
will enable the planner to develop recommendations which will
cause existing goals to be confirmed, modified, discarded and/or
new goals to be formulated. A well-formulated and documented
progression of system goals will enable the EMS Council to define
the system objectives and program requirements, thereby increasing
the likelihood of approval and funding.

The following definitions may be helpful:
Goal: A statement of broad direction, general purposer or
intent. A goal is general and timeless and is not concerned
with a particular achievement within a specified time period.

Obiective: A desired accomplishment that can be Jneasured
within a given time frame and under specifiable conditions.
The attainment of the objective advances the system toward a

corresponding goal.

4A
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Requirement: A desired accomplisfuoent which is subordinate
to an objective. A requirement is attainable within a

specified and immediate time limit, is consistent with the
time frame of the objective and Ls cJ-earJ-y measurable, often
in numerical values. The fulfillment of a requirement is
usualJ-y based on the performance of one or more tasks.

Task: The smallest increment of achievable work that is
identifiable, assignable, and measurabl-e within an immediate
time frame. A task may be time dependent on other tasks
(one task would start only after the start or completion of
another task),

The example in Table 6 illustrates the relationships between
goals, objectivesr and requirements. Achievement of each stated
reguirement is necessary to accomplish the objective. Accom-
plishment of the objective contributes to and supports achieve-
ment of the goal.

Table 6. Illustration of Goal, Objective, Requirement, and Task

Goal;
Provide the best possible public access to a
gegional nUS system

Objective;
Eliminate the need for multiple 7-digit
telephone access numbers for the EMS region.

Requirement;
Establish a 911 public access system
or equivalent.-

Task:
Enlist the support of local telephone
company (ies) to plan a 911 system for
the region

Factors to be considered in estabrishing goals, objectives,
and requirements are discussed in the subsections that folIow.
Task identities are self-evident once requirements are defined
and, since they take on an endless variety of definitions, tasks
will not be discussed further.*,



Use of goals to identify obiactives
The goal defines the ultimate capability that is desired.

A logical first step in identifying objectives is to review and

analyze the goals from the viewpoint of the course of action
required to reach such goaIs. A listing of the conditions to be

met in order to reach a goal will identify a number of potential-
objectives. A re.arrangement in the order of dependency will
separate objectives from subordinate requirements.

Use of a data base to identify objectives
Examination and analysis of the data bases will often reveal

areas of deficiencies in the existing tele.communications systems.
These deficiencies, if properly correlated, may indicate program
objective.s with program goals. Another method for identifying
possible objectives from the data base is comparing the data bases
from similar cities, regions, or states, Significant differences
may identify candidate objectives.
Use of resource agencies to develop objectives

The development of effective telecommunications system
objectives requires inputs from all elements of the EMS Council.
Resource agencies must be used to provide inputs,

Use of recoqnized standards to identify obiectives
Federal, state, and Iocal entities have established EMS

performance standards in certain areas (ambulance li-censing,
training requirements, radio regurations. .) which the planner
must research for the particular area.

R_eview of objectives
It is important that any proposed objectives be well under-

stood and accepted by the people responsible for project imple-
mentation and evaluation.

The review process should address, in particular, factors
relating to:

I

I

I

o

o

o

The attainability and feasibility of the objective
The impact of the objective in reaching the goal
Priority of the objectives.
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Theproposedobjectivesshould'bedistributedtoallresQurce
and user agencies. Documentqtion describing the ohjectiyes, the
background data needed for analysisr Rnd the rationale for the

objective.s should be incorporated in the review package along

with requests for specific comments on each objective.
The extent of the review process will depend on the magnitude,

scope, and sophisticatiOn of the proposed objective' Programs of
Iimited scope could be revie.wed adequately by informal discus-
sions with responsible personnel of the user agencies,

Requirements
The planner must establish a set of attainable and measurable

requirements for each project objective. These reguirements
define th.e course of action which musL be followed in order to
meet the project objectives. These are also the action items
that establish the dimensions of the work to be accomplished by

the project staff.
The scope of the requirements will include all aspects of

system implementation. Each project objective should be fully
supported by subordinate reguirements coVering a ful1 range of
definitive technical, financial, legal, and administrative
considerations. Each requirement rnust satisfy the test of defi-
nition (attainment must be clearly measurable and must be reached

within a specified time limit).

Use of obj ectives to identify requirements
The procedure for separating objectives from Project goals

should have resutted in the listing of conditions and parameters
to be met and the order of their dependency. The more specific
of these technical, financial, legal and administrative conditions
can usually be defined aS a requirement, i.e., these conditions
are desired accomplishments attainable within a specified time
timit and are clearly measurable often in numerical values.
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Use of the data base ta identify reguirements
The files of the data base will proyide many of the numer-

ical values for project requirements. The technical files are
rich in system performance parameters. The inventory files show
the number and type of additional system components needed. The
management files provide operational parameters as werr as
financial data.

Use of resource aqencies to develop requirements
The success of, the project depends upon its meeting the

needs of the user agencies and the agencies with whom it inter-
faces. Those age.ncies shourd be used to provide policy inputs
and the data base update.

Review of requirements
The requirements of the project should be well understood

and accepted by the peopre responsible for project implementa-
tion. A review of the requirenrents by these people before
general publication is mandatory.

Performance validation of EMS telecommunication systems
since telecommunications is onry one of many components

which constitute an EMS system, evaluation of the telecommuni-
cations component does not necessarily provid.e overall EMS system
performance. This would suggest that EMS systems require various
evaluation strategies, those which provide management feedback
for the camPonentr ES well as those which examine the total EIuS

system. Evaruation, within the scope of this planning guide,
will focus Qn the operational or performance validation of the
EMS telecommunications component. For patient outcome evaluation,
a measure of ElttS system performance, the planner should consult
texts which address the more complex issues and variables involved
in system evaluation.

Performance validation consists of measuring the implemented
telecommunication system to determine if it meets the criteria
set forth in the goals and objectives (Dept. of Health, Ed.uc.,

{
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and Welfare., 1976) r It is ohvious that the more explicit (guan-

tifiable) the teleqomnunications objectives are, the simpler the

task of validating the performance. Care must be taken, troweyer,

that the development of objectives is not overl-y compromised by

quantification. This tradeoff between quantification and more

broad-based objectives is not unique to this tyPe of planning.

Skill and system understanding are required by the planner to
reach appropriate comPromises.

5. ELEMENTS OF EMS TELECOMMMUNICATION SYSTEMS

This section is intended to introduce technical concepts and

terminqlogy to the nontechnical planner so that he or she can be

more effective in the teleccimmunications environment. It is not

a substitute for a telecommunication training course or technical
text. but is designed as an introduction to telecommunications,
with bih,J.iographic references for those planners who wish a more

de.tailed explanation of the material.

5.1. Base-Mobile SYstem

The heart of an EMS teLecommunication system is the base-

mobile radiq system by which the dispatch center and hospital
personnel maintain communications with field personnel.

Base-mobile communication has two primary oPerating modes.

The first mode consists of a communications requirement between a

geographically fixed unitr or base station, and a geographically
mobile unit as shown in Figure ILa. The second mode involves two

or more mobile units as illustrated in Figure 11b. The mobile
units in each instance may be personel or portable units as well
as vehicles.

The telephone subsystem, which is an integral part of the

EMS systqm, is equally necessary for system operation; however,

integration of the total EI4S telecommunication system generally
require.s fewer technical decisions to be made regarding the
telephone subsystem than the two-way radio subsystem. Therefore,

I
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BASE STAT]ON MOBILE UNIT

Figure 11a. Base station/rnobile mode
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the discussion of the radio subsystern will be presented in
greater detail in this se.ctionT and the telephone subsystem will
be presented in Section 6'

5,2. The Radio FrequencY SPectrum

Radio waves (or more precisely, el-ectromagnetic waves) are

the means by which radio communications are conducted. An EMS

radio system operates on a certain radio or channel frequency and

actually includes a sma11 range--called a band of frequencies or
sidebands--around that frequency. When all possibl-e radio fre-
quencies are taken aS a gfoup, the term'rradio spectrumrriS used.

A sirnplified version of a portion of the radio spectrum (encom-

passing VUf-high band and UHF-band emergency radio) is seen in
Figure L2.

This spectrum is in essence a finite natural resource which,
unlike most other resources, cannot be detected by any of our
human senses. This resource is an invisible means by which
energy can be transmitted at one point and received at another
to convey information. since electromagnetic energy can be

transmitted without wires, it is an extremely valuable means of
conveying information whenever either the sender or receiver or
both is in motion, as in EMS operations. Every radio transmission
has three basic attributes;

i

I

I
I

I

I

o

o

o

It occupies
It occupies
ft occupies

a certain geographic area
a certain period of time
a certain portion of the radio spectrum.

These attributes are very important aspects of a radio communica-

tion system, A basic rule is that no two radio users can use the
same portion of the spectrum at the Same time and in the same

area without interfering with each other. In order to prevent
interference, the users must be separated sufficiently in
geographical area of operation, in time or in frequency'

In order to transmit information, a certain amount of fre-
quency spectrum is needed. The amount of spectrum required
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increases as more information needs to be transrnitted simulta-
neously. For exampS-e, a television picture transmission uses
several hundred times more spectrum than voice transmission. The
amount of spectrum occupied by a transmission is termed the
bandwidth of the transmission.

Each user of spectrum is assigned a certain amount of
spectrum bandwidth for his use. The assignments include a small
amount of buffer spectrum bandwidth, called the guard band, which
serves to prevent interference from adjacent users.

5.2.1. Frequencies , channels and radio communication
Radio signals transfer information from one point to another

by means of electromagnetic waves. These waves have a number of
characteristic properties that enabre them to be employed as
radio signars. of primary concern to us here are the properties
of frequency and power (sometimes called energy content).

Electromagnetic waves are familiar to us as broadcast radio
and television signals, radiant heat, light, and X-rays. AII
are manifestations of electromagnetic waves that transfer energy
and information over a distance. One of the basic differences
between these various forms of electromagnetic waves is frequency.
The totality of frequencies of such waves is called the electro-
magnetic spectrum (or just spectrum). The EMS radio systems with
whj-ch we are concerned occupy a very small part of the lower
portion of the radio spectrum, viz., some of the frequencies j-n

the ranges listed in Table 7. The VHF high-band and UHF band are
used more extensively by municipar and county systems than the
other bands, because radio waves at those frequencies have
desirable propagation characteristics. In brief, a limited area
can be covered more completely by radio signals at these frequen-
cies (without causing as much interference outside the desired
area) than by frequencies in other bands.
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TABLE 7.

Spectrun Ranges Containing EIulS Radio Frequencies*

FREQUENCY RANGE

IN MHZ
DESIGNATION BAND USE

)
Ii
I

I

I

i

I

I

I

I
I

I

)
I

!.
I

;

I
I

I
)

)

)

')

2.CC to 3.00
2.726
3.20L
33.02 to 47.66
72.O to 76.O
150. 775-163 .250

458.025-468. r75
952-40,000

VHF high-band
or 150 Mllz-band

UHF or 450 MHz band
Microwave

VHF low-band

MF

MF

Hr'
VIIF
VItF
VIIF

Fixed
Base & mobiLe
Base & mobil-e
Base & mobile

Operational fixed
Base & mobile

Base & mobile
Base, mobile, operational
fixed c radio location

U}IF
UHF,SI{F

& EHF

In order for a radio signal to contain information it must

consist of a band of frequencies; that is, a certain amount of
frequency spectrum. The nominal bandwidth for radio signals in
the land-mobile service is 20 kHz. For frequency modululated
(FM) voice signals, the maximum authorized frequency deviation is
5 kHz on either side of the center frequency. (Frequency deviation
of an FM signal is the change in the carrier frequency produced

by the modulating signal.) The frequency assigrrments are called
"channels.I' They consist of a band of frequencies (wide enough

for the transmission of the information being conveyed) and the
guard band. In the very high frequency (VHf) high-band the
spacing is 15 klHz, while at ultra high frequency (UHF) it is
25 kHz. Thus, two adjacent channels in the high-band cannot
carry 2}-klHz wide signals without some overlap. If the signal
strengths in the adjacent channels are comparable at the intended
receivers, the receivers will most likely experience interfer-
ence. Adjacent channel assj-gnments must therefore be made with
sufficient geographic separation (or other precautions) to
prevent this ki-nd of interf erence.

I *See Federal Communications Commission (FCC)

Vo1ume 5, Part 89 , Subpart P, Section 89 ' 501,
description of the rules and regulations'
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Frequency assignment ln the land-mobile services is a diffi-
cult task because in many areas of the U,S,, and in most services,
there are more users than can be readily accommodated in the
spectrum space available. This is particularly true in and near
metropolitan areas. The FCC, which issues the licenses and which
has the ultimate authority over frequency allocation and assign-
ment, has enlisted the aid of user groups in various l-and-mobile
services to coordinate the assignments in a given service and
geographical area. In the Local Government and Police Radio
Services, the Associated Pub1ic Safety Communications Officers,
Inc. (APCO) performs this function through designated frequency
coordinators and frequency advisory committees, Its function is
to coordinate applications both for new licenses and for license
modifications (involving power and antenna height) with existing
frequency assignments, and to advise the FCC and the applicant by
making a recommendation in each case. The names of the frequency
coordinator and chairman of the Frequency Advisory Committee can
be obtained from the local APCO chapter or the natj-onaI chairman.

5.3. Radio Propagation, Transmitted Power, Antennas, and
Receivers

Fundamental to any EMS telecommunication system are the
basic concepts which help to explain the actual transmission,
propagation and reception of the radio frequency signals by which
messages are sent. The treatment of these subjects here is
introductory. For detailed treatment of the concepts discussed,
refer to the Bibliography.

In any radio communication system it is necessary that at
least a certain minimum signal level be present at the receivers.
This is required independent of location within the operating
area of the users. Since it is neither economically viable nor
1egaI1y permissible to use excessive transmitter power, estimates
must be made of the minimum power necessary to reach the most
remote points of the area. These estimates can be made by calcu-
lating the approximate propagation loss suffered by the signal
between the transmitter and the receiver at those remote points
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of the systemrs service area. The propagation loss and the
minimum amount of power acceptable at the receiver can then be

related to the required transmitter Power. There are several
methods available to determine approximate propagation losses.
These losses are mainly dependent on:

o

o

o

The

The

The

radio frequency used
type of terrain and buildings in the area
heights of the transmitting and receiving antennas.

Calculating propagation loss can only give approximate results.
An engineering survey is usually required before system param-

eters are finally chosen. Propagation losses are only one part
of the "lossest'and'rgains" of power which exists in a radio
system. These are shown 5-n Figure 13. In particular, power

gains usually occur in the follovring places:

o The radio transmitter
o The transmitter antenna
o The receiver antenna

and power losses usually occur in:

o The transmitter transmission line to the antenna
o The mismatch between the transmission line and the

transmitter antenna
o The propagation to the receiver
o The mismatch between the receiver antenna and the

receiver transmission line
o The receiver transmission line from the antenna
o Radio frequency (rf) cavities and filters, duplexers

and isolation elements.
AIL of these losses and gains must be considered in deter-

mining the "total" or net IoSs in poWer betWeen the transmitter
and the receiver.

Transmitting and receiving antenna gain is usually specified
relative to a standard antenna, a half-wave dipole, With restric-
tions on transmitting and receivj-ng in certain directions, certain
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Figure 13. Gains and 1osses in a radio system.

antennas display an effective gain over the half-wave dipole
because they concentrate their transmitted or received energy in
certain limited directions. The direction of this concentration
is usually along a horizontal plane for base-mobile systems,
since most mobile units are located on the ground. (aircraft
units are the obvious but rare exceptjon.) There is a practical
timit to maximum achievable antenna gain because of restrictions
on antenna size. The allowable size of an antenna must take into
account factors such as Fcc regulati-ons and structural rugged-
ness.

It is common to speak of the t'effective radiated power"
(ERP) of a radio station. This is the power that actually leaves
the antenna. rt is not the same as the radio frequency power of
the transmitter itself, since losses occur in the transmission
line to the antenna and are caused by inexact matching to the
antenna. Further, a gain usually occurs in the antenna itserf.
Thus, the net power emitted by the antenna (the effective radi-
ated power) may be either higher or lower than the radio fre-
quency power generated by the transmitter itself.
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The propagation losses in the signal between the transmit,ter
and the receiver cause the signal power at the receiver to have a

very smalI magnitude, unless the distance between transmitter and

receiver is sma1l. All receivers have a power level- threshold
below which their output is not intelligible. This threshold is
referred to as the 'treceiver sensitivity.tt Radio noise from such

sources as auto ignitions, electric motors and natural sources
(called "ambient noise"), or interfering signal-s from other radio
stations all these noise sources often exist at power levels
above receiver sensitivities. The received signal power usually
must be greater than these interfering signals in order for the
receiver output to be intelligib1e. In general, a receiver
rejects signals which have "frequencies different from the desired
signal. When the interfering signals have the same or nearly the
same frequency, in-band interference results. In FM receivers,
when the desired signal is stronger than the interfering signals
by a given ratio, called the "capture ratior" the desired signal
may often be received in spite of the in-band interference.

Improving the coverage over the area to be served by the
exJ-sting system can be accomplished in f j-ve possible ways:

o Changing the transmitter power or the receiver
sensitivity

o Changing the height of the base station antenna
o Changing the gain of the base station antenna
o Reducing any system transmission line losses
o Move the transmitter antenna site.

The first three improvements are usually restricted by legal (f'CC,

FAA, etc.) and economic factors. Limits in transmitter power are
often imposed by the FCC. The costs of improving receiver
sensitivities or raising an antenna can be excessive. Increasing
the gain of the antenna (making it more directive) and reducing
system losses, especially losses in the transmission line between
the transmitter and antenna, provide the most economical way of
increasing coverage.
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5.4. trletwork Organization and Channel Conf rgurations
There are a number of different channel and network config-

urations which can be used in EMS telecommunication systems.
This subsection will acquaint the planner with the basic channel
and network configurations. Section 7 will discuss operational
channel and network conf j-gurations.

The word "channelr' as used in base-mobile telecommunications
has two definitions which should be understood at the outset. In
the first, a channel is one certain portion of the radio spec-
trum assigned to a user for his messages. The second meaning
arises from the fact that many base-mobile systems use one chan-
nel (as just defined) for the base station transmissions and a

separate channel (or more than one) for the mobile unit trans-
missions. In such systems, this combination is also called a

"channel." Thus, in general, all of the slices of spectrum
needed to carry on two-way communication, taken together, are
called a channel. Ordinarily, no confusion results since the
meaning intended is usually clear from the context. It is also
cornmon to use the words "frequency" and "channel" interchangeably,
where here the first definition of channel is intended, and the
frequency referred to is the center freguency of that channel.
A diagram of a generalized base mobile communications channel is
presented in Figure 14. The channel consists of a base frequency
and a mobile frequency, each with its own transmitting and receiv-
ing equipment. In a two-frequency channel, the base and mobile
frequencies, f, and fZ are different. A single-frequency channel
uses a common frequency for the base and mobiles, and consequently
ft and fZ are the same in that case.

The more common channel configurations in radio telecommuni-
cations are shown in Figures 15 through 19.

5. 4. 1. Network configurations
In general, a network is defined as a collection of several

radio channels operated by one or more departments in a coordi-
nated fashion to provide radio service in a certain area. The
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size and degree of formal organizati-on of public safety radio
networks varies widely. Unfortunately, many networks have been
formed as a result of unstructured evolutionary growth and exhibit
little cooperation between users.

A network is a complex system composed of many pieces of
equipment and many persons working together to fulfiII the com-

munication needs of the users within the network. Examination of
network structures, trowever, yields the foLlowing basic factors
which roughly characterLze Lhem:

Location of the dispatching points
Location of the base station radio equipments
The number of frequencies in each channel
The number of channels in the network
The operation of the channels which make up the network.

In general, one can consider each of the factors to be more
or less independent of the others. For each, there exists a pair
of tradeoffs which one considers when building a network. These
tradeoffs are the following pairs:

1. Dispersed or central location of dispatching points
2. Dispersed or central location of base station equipment
3. Single or multi-frequency channels
4. Simplex or duplex operation of the channels.

These tradeoffs can be combined to give L2 basic network
configurations. Experience has shown that certain of these
configurations are superior to others in serving the needs of
particular EI\4s systems. Networks can best be compared to each
other by examining the following:

o The types of interference to which the network is
susceptible

o The available methods of channel rfisolationt' to prevent
interference within the network

o The performance under heavy message loads
o The radio coverage characLeristics

1

2

3

4

5
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The existence or nonexistence of mobile-to-mobile and

base-to-base communications in the network

The possibility of using special devices (such as

radio telemetry) within the network.

The best network for any particular area is the one which
provides the most effective service in view of the particular
advantages and disadvantages of each configurat'ion. Detailed
discussion of typical successful system configurations can be

found in Sections 6 and 7.

5.5. Fixed EquiPment

A variety of equipment designed for use at a fixed location
may be employed in a telecommuni-cation system. Fixed location,
or base station two-way radio equipment should includer EIS a

minimum, transmitter(s) , receiver(s) , antenna(s) , tower(s) ,

control units and, finaJ-ly, because every base station requires
electric power for operation, an emerglency power supply-

5.5.1. Base station two-way radio
A base st.ation includes a radio transmitter and one or more

radio receivers which are permanently installed at a fixed 1o-

catiOn Such as a hospital or communication center. The primary
purpose of the base station is to provide the dispatcher with a

means of sending and receiving information from the mobile units.
The base station is also used for point-to-point communication

with other public safety agencies.
Two types of messages may be handled by the base station--

voice and data. Either one may consist of analog or digital
signals. Digital messages occur in systems which employ equip-
ment such as teletypewriters, teleprinters, and computer

terminals.
Base-station radio equipment varies widely in physical

appearance. The transmitter and receiver may be mounted in the

same housing or may be completely separate. Receivers tend to be

smaller and more uniform in size than transmitters (usually about

o

o

i
t
)
)
i
I

I
t
)

)
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the size of a typewriter or smaller). The size of a transmitter
depends mainly on its power rating. Some of the 1ow-power units
may be no larger Lhan a common table radio whire a high power
unit may occupy a rack about 2 ft wide and 7 ft high. Equipment
sizes also depend upon the type of circuitry used--vacuum tube or
solid state. sorid-state circuitry, which employs transistors
and other semiconductor devices, a11ows significant reduction in
size over vacuum tube circuitry. Low-powered base-station solid-
state transmitters and most receivers are often smal1 enough for
desk-top operation. High-powered transmitters, however, generally
stand on the floor or are mounted on a waI1 or a pole.

Almost all EMS systems employ FM equipment. commercialry
manufactured FM base-station equipment is available for operation
in the VHF high-band, and UHF band. The FCC requires that com-
munications in these bands be confined to assigned channels in
order to minimize interference among users. Transmitters and
receivers designed for use in these bands operate only on the
assigned channels. They cannot be tuned in the manner that one
tunes an AM or FM broadcast receiver, and because crystals are
used in frequency generating circuits, the equipment is often
referred to as crystal-controIled. Base-station radio equipment
is produced with both single- and multiple-channel capabilities.

Figure 20 shows a base station two-way radio designed for
desk-top operation. The radj-o cabinet houses both the trans-
mitter and the receiver. A desk stand microphone is shown next
to the radio. The receiver loudspeaker is built into the radio
cabinet. The antenna functions for both transmission and re-
ception.

Figure 2L shows a base station designed for remote oper-
ation. The use of the remote-control configuration allows the
base station to be located near the antenna, reducing the length
and loss of the transmission line.

The emission bandwidth of FM transmitters used in the VHF
high-band, or UHF band is, as stated earlier, limited by the FCC
to a maximum of 20 kHz. rn other words, the frequencies which
are generated by the transmj-tter and have appreciable amplitude
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must falI within this 20 ktz channel. Frequencies which are
generated outside of this channelr or1 either side, must be reduced
in amplJ-tude. Receivers, on the other hand, must be most sensi-
tive to frequencies within the 20 kHz channel. Frequencies on
either side must be rejected. This means, in effect, that an
adjacent channer signal will not be heard at the receiver output.
This receiver characterlstic is referred to as adjacent channel
selectivity.

Base-station transmitters are manufactured with a rarge
selection of radio frequency (rf) power ratings. Limitations ontransmitter power are imposed by the FCC in order to minimize
interference among users within the same frequency bands. The
ri-mitations are stated in terms of the power input to the final
rf stage of the transmitter. This final rf stage is commonly the
vacuum tube or transistor amplifier circuit whose output goes
directly to the antenna. specifically, the rimitation is 6oo w
for vHF high- and uHF-band units at operating frequencies less
than 470 MHz; the maximum power input is specified in the sta_
tionrs FCC authorization. However, special authorization may be
obtained from the FCC to operate at higher power revers. For
example, some state police low-band (t2 MHz) transmitters operate
with 10,000 w of power input to the final rf stage. These power
figures are upper limits and not necessarily common varues.
Base-station transmitters are available with final rf stage power
i-nputs of only 1 or 2 W.

The FCC assigns frequencies to various base stations within
a geographical area depending upon the limitation of rf power
outputs to certain levels. when these levels are exceeded, the
transmitted signal may be strong enough to j-nterfere with signals
in other geographical areas. F.cc regulations state that:

nThe RF power output of a station shall be
no more than required for satisfactory technical
operation considering the area to be covered and
the local_ conditions. "
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In the interest of preventing interference, adherence to the

above regulation is imperative. Excessive rf power output 1evel

can cause interferencer ds can antennas with unnecessarily high

power gain or height"
One feature which is standard on all base-station receivers

is carrier squelch. The purpose of carrier squelch is to elimi-
nate disturbing background noise whcn no transmitted signal is
present, thus reducing operator fatigue.

Another type of squelch, usually offered as an option, is
tone-cod.ed squelch. A receiver equipped with tone-coded squelch

is activated only by signals containing a specific tone or tone

combination and not by other signals. By equipping the mobile

transmitters with the proper tone generating circuits, only the

mobile units of the desired system will be heard by the dis-
patcher. Base-station transmitters and mobile receivers may also

be equipped for tone-coded squelch. Detailed consideration is
given to tone-coded squelch and selective signaling methods in
Section 7.

5.5.2. Base-station antennas
The base-station antenna is a device used to excite or

radiate into space the rf energy carrying the messages. It is
also used to receive rf signals transmitted from mobil-e units.
The antenna is a metal structure whose dimensions depend upon the

wavelenEth (frequency) of the transmitted and received signals.
Often, the height of the antenna relative to the surrounding

terrain can affect the entire system performance. Normally, a

higher antenna increases the area covered. Many times, the

antenna is placed on a high point, such as the top of a building,
or at a remote site such as a hilltop. The rf transmitter is
located near the antenna and in the case of a remote si-te, the

transmltter is controlled by a wire line (i.e., private leased

telephone line),or a separate radio or microwaye link. An

unmanned transmitter and receiver station may act as a repeater
station, retransmitting the radio signals sent to it by both base

stations and mobile units. Remote control and repeater usage
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will be covered in depth in Section 6. The ba.se-station antenna
is usually centrally located in the service area. The radiation
patterns of two types of antennas are shown in Figures 22 and 23.
The pattern of a centrally located base-station antenna should be
uniform (in the horizontal plane) in all directions, to achieve
maximum coverage. The radiation pattern in the vertical plane is
normally kept narrow, thaL is, squeezed into a doughnut shape, to
achieve some gain in the horizontal direction. If the antenna is
not centrally located, a suitable antenna type j-s used to make

the radiation pattern more directional--that is, at a given
distance from the antenna, the signal is stronger in the pre-
ferred direction than in others. By confining the rf energy to
the intended service area the system can be operated more ef-
ficiently.

A proper impedance match between antenna and transmitter
through the connecting transmission line is necessary for maximum

operating efficiency. Normally, the characteristic impedance of
the antenna, transmitter, and line is 50 ohms.

Antenna dimensions, as mentioned, are a function of the
operating frequency. One antenna Rdy, however, be required to
handle several channels. Antenna dimensions must then be carefully
chosen so that the antenna will perform well on all channels
used.

Lastly, base-station antennas must perform their functions
with little or no attention in every environment, in all types
of weather. This requirement affects primarily the antennars
physical characteristics, and the tower and support structure.

5.6. Mobile Equipment
Mobile equipment is used by field personnel to communicate

with the dispatcher, control hospitalr or other public safety
agencies. Two-way radios, either installed in vehicles or car-
ried by individual field personnel (emergency medical techni-
cians, paramedics. . .L, are the two most important types of
mobile equipment. Such two-way radios, often referred to as
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Figure 22. Three dimensional sketch of the radiation
patterns of (a) a dipole antenna, (b) an
antenna with directivitY gain-
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"mobile-units, rr are indispensable links i-n the communi-Cation
chain which aid medical supervisory personnel in command and
control of EMS patient field care.

5. 6. 1. Vehicular mounted two-way radios
A vehicular two-way radj-o usually consists of a transrrlitter

and receiver packaged as a single unit. Some units are designed
for installation under the dashboard of a car or truck. This
type has built-in controls and speaker and an external hand-held
mj-crophone. other units are designed for instarratj_on in an
automobile trunk or elsewhere. rn the latter case, the radio is
operated through a control head which mounts under the dashboard
and is connected to the unit with a murti-wire cabIe. The con-
trol head may contain a built-in speaker or the speaker may be a
separate assembly. A mobile configuration is shown in Figure 24.

+- ANTENNA

CONTROL
HEAD

Remote
Control)

MOBILE RADIO

Figure 24. Mobile radio communications unit.
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As discussed preyious.J-y, most telecommunication systems
employ FM radio equj-pment. Frequency modulated vehicular two-way
radios are commercially produced for operation in VHF low- and

high-bands, or UHF-band. In these radio systems, multiple channel
operation is used to achieve communication between mobiles as
well as communication between mobil-e and base. Vehicular two-way
radios are available with various transmitter power ratings.
Maximum rf output power ranges from about I W to 1I0 W for low-
band and high-band unj-ts, and from about I w to 90 W for UHF band
units. The physical dimensions and j-nput power requirements
generally increase with transmitter power ratings. Input power

for vehicle radios is obtained from the vehicle's electrical
system, which may range in voltage from 6 to 70 V dc, with L2 V
being a conrmon value.

5.6.2. Portable and per sonal two-way radios
The portable two-way radio has become a fairly common item

in communication systems in recent years. Portables are designed
with self-contained power supplies and antennas, making them
suitable for completely independent operation. Size and weight
are kept 1ow enough so that these units may be easily carried by
field personnel.

The use of transistors rather than vacuum tube circuitry in
portable units has resulted in substantial size and primary power

reductions, so that some of the small-er portables are often
referred to as "personal" radj-os. Personal radios are carri-ed in
various ways. Some units are held in the hand, while others are
carried with a shoulder strap or clipped on a belt. The larger
portables may be carrj-ed by hand or as a back pack. Weights of
portable radios range from about 6 kg (15 Ib) for the larger
units to about 450 g (15 oz) for the personal types.

Various microphone and speaker options are also available
for portabl,e radios. In some types the microphone and speaker
are contained within the unitrs case. Hand-held microphones are
employed in some cases and many also functj-on as a speaker. fn
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acoustically noisy environments, a telephone style handset con-
taining both microphone and earphone is sometimes preferred.
Shoulder microphones which attach to clothing leave hands free
for other tasks. Helmets with built-in microphones and ear-
speakers are a fairly recent development, which also offer no-
hands operation.

Portable two-way radios of the FM type are commercially pro-
duced in VHF low-band, high-band, and UHF-band versions. Fixed,
crystal-controlled tuning is employed and units with multiple
channel capabil-ities (not simultaneously), &s high as eight chan-
nels or more within a single frequency band, may be purchased.

Maximum rf power outputs of portable two-way radios range
from about 0.05 W to 15 W. Portables in the personal category
have rf power outputs less than about 5 W.

Because of the relatively low rf output power of portables,
it. is frequently necessary to provide a relay system of some sort
at an intermediate point between the portable and the base station.
Two commonly used methods are 1) relay of the portable messagies

through a nearby ambulance and 2) relay of the messages by means

of fixed satellite (not to be confused with earth-orbiting satel-
lites) receivers at suitable locations throughout the operating
area. If the messages are relayed through a vehicle, two sep-
arate channels must be used for the portable and vehicular
transmissions. Tf there are many portables, this can lead to
considerable loading of the mobile-base channel due to personal
radio message traffic. With the satellite receiver system, the
personal radio transmissions can be relayed either by a separate
radio channel or wire lines. Satellite receiver systems are
discussed in greater detail in Section 6.

Portable radios are designed to obtain input power from a

variety of battery power sources. Some portables can be easily
connected to draw power from a vehicle electrical system, and
contain other features which make them suitable for vehicle
usage. An example is the portabl-e unit which can be removed from
a vehicle charger when the ambulance attendant leaves the vehicle.
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In addition, some

supplies and have
usage.

5.6.3. Mobile equipment antennas
Mobile antennas serve the sarne Purpose as base-station

antennas, i.e., reception and transmission of rf energy. How-

ever, mobile antennas are subject to more stringent restrictions
on size and ruggedness. These antennas, usually mounted on car
roofs, are vertically polarized and radiate in an omnidirectional
pattern in the horizontal p1ane. Some gain can be achieved by
narrowing the beamwidth in the vertical plane. To achieve gain,
antenna length should be long with respect to operating wave-
length. This means that higher frequency (i.e., shorter
wavelength) systems are more suitable for mobile use because of
the shorter antennas used.

5.7. Communication Control Equipment
In some EMS systems the dispatcher and the base station

equipment may be situated j-n two different rooms or even in
different buildings. It is often desirable to place the trans-
mitter in a separate room because of the heat which is generated
during operation. AIso, the base station should be located
fairly close to the antenna in order to minimize rf-power losses in
transmission lines. Some systems employ several base stations
and a number of dj-spatchers. This may necessitate separate
locations for radio equipment and operating personnel because of
space limitations.

All of the situations above require the use of special
control equipment which enables the dispatcher to operate the
base station from a separate location. There are three basic
types of control units. The simplest type is the desk set, which
is similar in appearance to an ordinary telephone and is designed
for desk-top operation. Small control consoles are generally
more elaborate and offer more control capabilities than the desk
set and are larger in size. They are usually box-shaped and are
small enough for desk-top operation.
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Desk sets and small control consoles may be interconnected
with each other in various ways to a1low ser/eral dispatchers to
operate a base station without interfering with one another.
There are basically two types of control, Iocal control and
remote control. A system may be locally controlled when less
than 30 m (100 ft) of cable is used to connect the base station
witfr the rnost dj-stant control point. The system should be remotely
controlled when the base station and control point are separated
by more than 30 m (100 ft). A telephone line is often used
rather than a cable for remote control. Radio remote control
methods will be discussed later in this section.

Every system rnust have at least one "control pointr, from
which the system can be turned on and off. rn a system with
several control units, the FCC requires that the control point be
capable of taking over complete control of the base station.
This is generally accomplished by means of a supervisory switch
at the control point whj-ch can remove control from the other
units. rn a system with more than one remote control unit, FCC

rules state that each control point must also have a transmit
indicator which shows when the transmitter is being used. The
FCC also requires that an identification card or photocopy thereof
displaying station lj-cense information be kept at each control
point.

The most elaborate type of control unit is the control con-
sol-er which offers more extensive capabilities than either the
desk set or the smaIl, desk-top control console. A control
console usually consists of a control panel and includes a desk
as a part of the overall unit. A typical standard production
moder is shown in Figure 25. The model- shown has the "radio
control" panel located in the center section of the consore. rn
addition to standard production models, most console manufac-
turers will build special control consoles to meet particular
system requirements. A custom designed cansole is illustrated in
Figure 26.
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Figure 25. Standard production console unit.
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Figure 26. Special control console unit.
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The more complex control consoles are usually the most
poorly understood and documented element in communicqtion plan-
ning. The fact that these organizational relationships are
frequently misunderstood or seen frorn different perspectives,
accounts for some of the confusion in control console planning.
Some of the more common control console features and options, as
they relate to EMS communication needs, will be discussed in
Section 6.

5.7.L. Communication remote control methods
This subsection will discuss common ways of operating and

controlling base stations, whether they are physically adjacent or
remote from the operator. There are basically two methods for
providing control: wireline, and radio.

In very simple installations, the base statj-on may be 1o-
cated near enough to the operator that no extended control feature
is required. However, the base station is usually placed near
the antenna location, for reasons previously discussed, requiring
some type of extended or remote control.

Tf the base station is located in the same building as the
operator, it is common for the control wireline to be provided by
the user as a permanent installation as in Figure 27. If the
base station is located in an adjacent or distant structure, the
control wire line is usually leased from the locaI telephone
companyr €rs illustrated in Figure 28.

The lease cost of the control wireLine is generally based on
the Air-mile distance between the base station and control point.
The control line is provided by the telephone company as a
"private-1ine" service and is not a part of the telephone switch-
ing network. Most base stations are equipped with standard or
optional features which aI1ow more than one remote control to be
connected, allowing joint use of the base station. One of the
control points, however, must be capable qf exercising supervis-
ory control as noted previously.

Radio control of remote base stations is generally considered
when one or more of the following conditions are present:
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Figure 27. Remote control utilizing user supplied control line.
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Figure 28. Remote control utilizing leased dedicated
telePhone line.
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o Leased service is not offered of not ayail.able between
the reJnote base station location and the control poj-nt.
This may occur when a base station must be located on a
nearby mountain or in remote terrain,
The distance between the remote base station and control
point is sufficiently long so that engineering econo-
mics justify procurement over lease.
The poor quality and reliability of leased service
justifies owner procurement of a radio control system.

Radio controlr €rs governed by the rules and regulations of the
FCC, is normally licensed in the UHF and microwave bands of the
frequency spectrum (see Table 7). The selection of specific radio
control frequencies is determined by the particular application
and availability. UHF radio control is generally used when the
number of remote base stations is small and the need for future
expansion of a particular site is not anticipated. Figure 29

illustrates a typical common UHF base station control configuration.
I{icrowave line-of-sight radio systems represent a very

practical means for providing radio control circuits where there
are no existing wire rines. The use of microwave systems is
widely recognized as a flexible, reliable and economical means
for providing point-to-point communicatj-ons. The communications
capacity of a microwave system can vary from a few voice circuits
to several hundreds of voice, telegraph, and data circuits.
various system arrangements can make provision for high-speed
ciata, facsimile, or high-quality audio channels. Distances
beyond line of sight can be covered by using reray or repeater
stations arranged in tandem between the desired end terminals.
Such systems are cost effective, particularly in mountainous
areas where the cost of instalring and maintaining wireline
systems is not economically feasible.

A simplified drawing of a microwave line-of-sight system is
shown in Figure 30. The system shown consists of two terminal
stations and one repeater station. Many public safety and
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nunicipSl microwave Eystems are directr howeyeS, a,nd do not use

any repea.ter stations. The gtgtions eSch haye a transmitter and

receiver connected to the saoe antenna .for two-way transmission'
The repeater staticn (tf th.ere ts one) has an antenna for two-way

communicatl,on with each terminal statlon. The frequencies of the
transmitted and received signals differ by a fixed amountr so

that they can be readily separated.
The desirable characteristics of microwave systems for

public safety, municipal and state use include the ability to:

o Transmit many channels of information simultaneously
o Replace wirelines where these may be impractical or

uneconomical
o Link together specific points by beaming signals only

in the direction of the intended receiver
o May increase reliability of point-to-point communi-

cations in some service areas.

The design of a microwave relay system requires consider-
ations somewhat different from considerations for those systems
designed for VHF or UHF land-mobile radio. In most cases system
design begins with site selection and path design. The criteria
for these choicesr €rs well as the choice of directional antennas,
transmitter power requirements and other related topics are to be

found in the Bibliography.
Many states have installed microwave contmunicat,ion systems

for the support of public safety and other local government com-

munications requirements. Such systems can usually be expanded

to provide communication links for EMS communications. This is
particularly true in some states with large distances between
population centers and, therefore, hospitals'

All EMS communications planners should consider using such

local government Systems or priVately owned microwave systems.
The EMS connection to such networks can be established using
conventional wireline systems. The engineering of such entrance
links will not be discussed here but need not present special
problems.
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6. EMS COMMUNICATIONS SYSTEM TECHNICAL PLANNING

6.1. Planning Guidelines
This Section has been assembled to assist EMS communications

planners in responding to the requirements of the foLlowing
guidelines: 1) DHEW (1977) HSA 77-2036, Guidelines for Develop-
ing an EMS Communications plan; 2) NHTSA (1979) Hs 902 976 com-
munications Ivlanual, Addendum 1 to Highway Saf ety program Manual,
Volume 11; and 3) LEAA (1977) Planning Guidelines for Law Enforce-
ment Telecommunications Systems. Specifically, these three inter-
agency pranning documents represent to the prospective DHEW

grantee, three descending orders of detail which should clearly
be integrated in order to provide for effective planning of
local, regional and state-wide telecommunication systems. This
planning activity will become ress burdensome and much more
comprehensive when the process is fuIly coordinated and when
joint funding of the proposed communication systems is effected.

The DHEW and NHTSA planning documents are identical in all
respects except for the specific applications. A communications
pIan, in accordance with the DHEW planning guide, is required as
component number 3 for Title XII (1203, 1204) funding. This plan
applies specifically to regional planning as defined in Section 2

of this guide. The NHTSA plan required for funding under
section 402 of the Highway safety Act must be submitted as
Appendix F, "communications plan to the state comprehensive EMS

Plan". These formuLate the legislati-ve framework for planning
that encompasses local and regionar efforts. overall state
planning for area-wide (inter-regional) emergency medical systems
provides practicar authority to enhance coordination in the
utilization of available frequencies on a common systems basis
and to enforce multi-discipli-nary cooperation so that public needs
can best be served. Regional Health Care planning agencies can
then carry out specific communication implementation plans under
the general state guidelines and within the general framework of
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the enabling legislation provided by the state. Idea11y, then,
the NHTSA EMS cofllmunications plan should address those features
of the communication system that are to be standardized state-
wide. The DHEW EMS regional plan should be comprehensive, in
accord with the standards of the statewide plan, and shoul-d

address the compJ-ete communications picture including the inter-
face with other adjoining EMS regions. These should particularly
address physician control communications with the resource
hospital and other participating hospitals and communications
with specialized centers (e.g., burn, poison, " .).

Since the majority of EMS situations requires citizen access
and coordination with other public safety agencies (i.e., with
police, fire, . . .), it is mandatory that these public safety
agency communications plans be reviewed by EMS planners and the
EMS Communication Committees. Specifically, the LEAA Communica-

tions Planning Guide cited above has evolved from a relatively
Iong-term study effort. Section 4 of this Guide was adapted from
a planning guide developed under such a project. The LEAA Plan-
ning Guide cited above was prepared using the specific format of
the same guide adapted in Section 4. Al-so, communication planners
should give careful attention to ongoing work sponsored by NHTSA,

DHEW and LEAA. In addition, most DHEW regions have active
Emergency Operating Centers sponsored by the Federal Emergency

Management Agency. These dedicated comrnunications facilities
are potential resources for continuing fiscal support for shared
communications facilities if suitable cooperative planning and

operating procedures can be established.
As viewed by the sponsoring Federal agencies, the communi-

cations planning process at the 1ocaI, state, and regional levels
for EMS communications is intended to be an interagency cooper-
ative process. fn order to assure this cooperation and to assist
in the uniformity of gui-dance to the 1oca1 planners via the
Federal funding agenci-es, a statutory fnter-agency Committee was

formed under the EMS Act of 1973 (see Figure 4). A working group
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of this committee meets regularly to assist in the EMS communi-

cations development. Contact with this group can be obtained
through the DHEW regional telecommunications consultants.

6.2. Overview
The primary objecLive of the EMS telecommunication subsystem

is to provide the necessary communications links to minimize the
lapse of time between the occurrence of a life-threatening or
crippling incident and the rendering of medical service. Response
times will vary in accordance with regional geographic and popu-
lation factors but it, is important to develop a goal for response
time in each region being served by a planned EMS system. Two

goals may be appropriate, namely: acceptable limits for (l )

receiving on-scene advice, and (2) arrival on-scene of trained
personnel. Most communities and local governments have a multi-
plicity of telecommunications services, facilJ-ties, and systems
already available that relate in varying degrees to the mission
of the El'lS telecommuni-cations subsystem. Planners need to
consider how existing telecommunications, in a defined operational
region, can be interfaced, interconnected, integrated, and/or
expanded, rearrangedr or modified to meet the requirements of an
EMS system.

It is essential to understand the goals and objectives of the
emergency medical services system to be served by the telecommuni-
cations subsystem in a given region in order to carry out ade-
quately the communications planning function. A following sub-
section on 911 planning will provide the EMS planner with a

detailed planning process. In the event that a particular com-
munity has initiated planning or implementation, the subsection
can serve as a check-list to determine if important planning
points have been overlooked or misunderstood.

6.3. Citizen Access
In January of 1968, the American Telephone and Telegraph

Company (arcrl announced that the digits 911 (nine-one-one,
not nine-eleven) could be made available for installation on a
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national scale as the universal ernergency telephone number.
Numerous public safety officials and individuals at yarious
government levels had long expressed keen interest in the estab-
lishment of such a number. The AT&T announcement followed the
L967 recommendation of the President's Commission on Law Enforce-
ment and Administration of Justice. The Commission wrote:
"wherever practical, a single (police emergency) number should be
established, at least within a metropolitan area and preferably
over the entire United States". Further stimulus was provided by
the Commission on Civil Disorders and the Federal Communications
Commission (Fcc) which urged the telephone industry to provide a
three-digit emergency telephone reporting number. These various
recommendations had in turn received impetus from growing public
concern over the increase in crimes, accidents, and medical
emergencies and from Federal Government awareness that current
emergency reporting methods were inadequate and that, in a popu-
lation as large and as mobile as ours, a coilrmon emergency number

made intrinsic sense.

6.3.1. The public telephone environment
The choice of the specific number, 91I, was based primarily

on cost and the comparative ease with which telephone company

equipment could be modified to accept the number and other con-
siderations which indicated that the combination of the digits
911 would be easily remembered and dialed by most persons. It
was designed to provide the American public with direct access to
an emergency answering center. It is emphasized that this number

is used to gain access to an emergency answerj-ng center, not to a

telephone company operator or any part of the telephone company

structure or hierarchy. It is the number that has been designated
for reporting an emergency and requesting assistance in any
community in the United States that modifies its existing system
to accommodate the number. The number 911 and associated emergency
servj-ces are thus intended as a public service with the primary
objective of preserving life and property. Ideally, this means

that eventually nearly every person in America who has access toI
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a telephone could summon aid by dialing this simple three-digit
number, regardless of his or her location, familiarity with an
area, the time of day r ot type of emergency.

Presentlyr however, most citj-zens confronted with an emer-
gency are presented with only three alternatives: (1) memorize
all emergency service seven-digit terephone numbers i (.2) f ind a

directory and look up the proper seven-dj-git number; ot t (3) dial
'r0rr and ask the operator for assistance.

In a recent study of a larg,e metropolitan area, only 34t of
those intervj-ewed knew the loca1 police emergency number; only 58

knew the fire emergency number; and none knew the ambulance
service number. In another study of two suburban shopping
centers, only 55? of those j-nterviewed were able to identify the
municipality they were in; only 22 knew the police emergency
number; and none knew the fire or ambulance number. Even in
cases where there is one commonly used seven-digital number, it
is less Iikely to be used than the rro, operator. For example, in
New York City, where each of the five boroughs used the same

simple seven-digit number, over 60A of the cal1s were placed
through the 'rO,' operator.

When a citizen dials "0", the operator must determj-ne the
type of emergency and the area of the emergency. rn a continui-ng
environment of reducing operating costs, telephone companies are
eliminating loca1 operators and often locating rrOrr attendants at
some major switch point that may be as much as 300 km (200 mi)
away from a local community. These attendants must take the time
to access a computer list for telephone number informatj-on and
have limited knowledge or information concerning local emergency
resources. Subsequently, the operator must relay the call infor-
mation or the call-er to a public safety agency dispatch center
operator, who must take down the appropriate information and
either dispatch a unit or request that a dispatcher dispatch a

unit. With 911, the rro"tr operator is bypassed and the caIls go
directly to highly trained emergency operators who take down the
call informatj-on directly from the caller and then either dis-
patch a unit or have a unit dispatched.
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The NHTSA and DHEW EI'IS programs require that consideration
be given to the development of a universal (911) citizen access

system. This is based on the logical assumption that time is
a critical element j-n the delivery of emergency service and more

specificallyr/emergency medical services. These and other Federal
assistance programs have emphasi-zed the importance of quick
citizen access, yet 9tI implementation nationally has been

marked by only partial success. A recent rePort (Bauer, 1977)

suggested several reasons why communications planners often
failed to develop 911 systems:

o public safety planners tied 9I1 development to other
prograrnmatic objectives such as central radio dispatch
centers and universal radio dispatching personnel.

o

o

o

o

Telephone company executives (probably taking
from the public safety planners), conditioned
participation of the telephone company on the
munityts commitment to central dispatching of
public safety responders.

their cue
the
com-

alI

o

The 9It system was perceived by the emergency response

agencies in the community as a threat to the equitable
distribution of emergency assignments.

Technical considerations and costs involved in the
conversion of the existing telephone switching system

were not understood or adequately justified.

Confrontations occurred between the telephone company

and the community over "who" was responsible for
developing and monitoring the telephone components of
the system.

A public safety answering point could not be identified
by the community.

911 was preconceived to be a "central dispatching"
system which would lead to a regionalization or con-
solidation of government services which the residents
of the community did not want.
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These problematic factors have been included not to cause a
pessimistic note on 911 development, but to alert the planner to
potential probrem areas and to und.erscore the importance of
community involvement in the 911 planning process. The planner
will more fu1Iy appreciate, as the planning process evolves, that
the 911 center and central dispatch configurations are indeed
interrelated.

Although this section praces major emphasis on the planning
and implementation of 9r1, it is crearly recognized that a
community may serect an alternative which employs some combi-
nation of one or more seven-digit telephone numbers. This may be
the only feasible arternative due to existing political and,/or
technical constraints. Even if a less-than-desired alternative
must be implemented, the 9I1 planning process should identify the
basic problems and set the stage for future 911 implementation.

6.3.2. The mobile radio environment

Citizensf band (ca 1

Many people injured in highway acci-dents dj-e or are perman-
ently injured simply for lack of prompt and proper emergency
care. rn L975, the u.s. Department of Transportation, Nationar
Highway Traffic Safety Administration (NHTSA) initiated the
National Emergency Aid Radio (NEAR) program. Criteria for
funding under Section 402 of the Highway Safety Act of lg77 were
developed and each state was offered the opportunity to parti-
cipate in the program to the extent determined by the state. The
program is j-ntended to provide the motoring public with an
emergency assistance communications system for obtaining emergency
services easily and rapidly without leaving the car.

Because there is no other such system now in effect, extensive
use is being rnade of the CitizenstBand Radio Service, as a two-
wdlr in-vehicre method conveni-ent to the pubric. some DoT-
sponsored projects have demonstrated the value of cB in highway
safety. volunteer groups and public safety agencies have shown
that they are willing to participate and cooperate in a cB

I
I

I

I
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network. Although there are technical and administrative problems

to be solved, public safety can be served now by taking advanlLage

of any type of communication available to the motorist.
The purpose of the NEAR program is to exploit the use of CB

as an existing resource for highway safety to provide information
to the motorist relating to personal safety and, at the same

time, enhance citizen participation in highway safety. Improve-
ment of this service will result from an effective monitoring of
the Citizenst Radio Service emergency channel (CB Channel 9,
27.065 MHz) or other channels which may be designated in the
future for emergency service use. This monitoring, for the most

part, will be performed by public safety agencies, organized
Volunteer groups, motor carriersr professional driver groups and

individual citizens.
At present, there are three types of volunteer groups who

monitor, on an irregular basis, independent loca1 clubs such as

Radio Emergency Associated Citizens Teams (REACT), the Affiliated
League of Emergency Radio Teams (areRr) and the citizens' Radio

Watch. These organized groups are affiliated nationally for the
purpose of emergency and public service communications and

although independent citizen monitoring is encouraged, NHTSA

recommends that government action concentrate on those volunteer
groups:

o Whose primary PurPose is to provide emergency communi-

cations monitoring'

o Who can demonstrate an organized monitoring capability
and willingness to guard the National Emergency Channel

9, on a regular basis.

o Whose organizational structure is based on the team or
group concept, rather than individual performance.

o who actiyely subscribe to, and operate, under Federal
communications Commission (Fcc) rules and regulations'
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o Who ma-tntain an active affiliation with a recognized
state or national organization capable of coordinating
locaI, state r ot regional activities with NEAR Advisory
Groups.

Amateur radio public service communication
Amateur radio exists because it. qualifies as a service. Its

continued existence depends to a great degree, not on past
services performed or on potential service, but on current
services and planned future services. Recognizing this princi-
p1e, the Amateur Radio Relay League (ARRL) established the Ama-
teur Radio Emergency Corps (AREC) in 1935, the National Traffic
System (NTS) in 1949, and consolidated these two into the Amateur
Radio public Service Corpd (ARPSC) in 1963. rn L966, a third
division, Radi-o Amateur Civil Emergency Service (naCeS;, was
added. Thus, the ARPSC combines the emergency-preparedness
program of the AREC and RACES with the daily (communications)
traffic-handring program of the NTS into a single, strong facir-
ity for renderJ-ng continuous service to the public while at the
same time the emergency-preparedness program is kept up to date
by frequent drills and tests. rn an emergency, the NTS serves as
the vehicle for relay of traffic over medium and long distances
while 1ocal AREC and RACES needs take care of locaI communications
and deliveries.

Capabilities of these services should not be overlooked in
EMS planning especially in areas where potential major disasters
are significant possibilities.

6.4. 911 Planning
The 911 planning process should begin with the analysis, by

the locar EMS communications committee, of the local- public
safety telephone and local telephone company configurations and,
idea11y, end with the installation of a 911 system. A flow
diagram is shown in Figure 3I.

For the purposes of this section, which has been adapted
from the rll-inois Local Government 911 planning Manual , the ',911
committee" will be considered to be a subcommittee of the local
EMS Communications Committee.
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Figure 3I. Flow chart of the 91I planning process.



During the development process, the following planning steps
should be accomplished after the formation of a local 911

committee (see Section 2) z

Analysis of local public safety jurisdictions
and telephone configurations.
Evaluation of 91I call-handling techniques and
standards.
Analysis of alternative 911 configurations and
PSAP I s.
Analysis of management forms.
Selection of alternatives.
Preparation of preliminary 911 plans.
Continued 911 activities, including preparation
of final 911 pIans, until 911 system is
implemented.

It is recommended that each planning step be the subject of one
or more meetings of the 911 committee with sufficient time
allowed between meetings for the collection of information and
interactions between system participants.

6.4.L. Analysis of loca1 public safety agency -iurisdictions

o

o

o

o

o

o

o

and telephone central office conf igurations
This step is perhaps the most important of all the planning

steps. Whether covered in one or several meetings, it will pro-
vide the basic groundwork upon which all subsequent planning
steps are based. The objective of this step is to obtain suffi-
cient information concerning the existing jurisdictions, agencies,
and telephone company central offices in order to provide the
basis for evaluating alternative 911 configurations.

Service areas and dispatch centers
In each 911 planning area, there will be a number of

emergency service agencies (po1ice, fire, medical facilities,
etc.) which must be included in the areafs 911 system. It is
recommended that each of these agencies, before the first meeting,
prepare a map of its service area including background information
regarding its individual telephone system. F,orm B-1 (Appendix B)

provides an example which would be used for this purpose.
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The principal effort at the first session will be to trans-
fer information on service areas and answering points to a master
map. Most city police, sheriff, city fire, fire protection
districts, and municipal ambulance/rescue services will have
well-defined service areas. Private ambulance companies and the
hospitals will probably not; however, these should not be ex-
cluded, but should provide as much information as possible con-
cerning their coverage areas and existing systems.

Fina11y, if possible, the service areas of all other public
safety facilities which can be included on the 911 plans (tow
services, highway maintenance, poison control, suicide preven-
tion, state forestry, Federal parks and forests, major industrial
or commercial enterprises, etc.) should be obtained and added to
the master map. In some instances, the utilization of aerial
photography can provide a better understanding of residential/com-
mercial building densities, traffic patterns and other emergency
related planning parameters.

Depending on its complexity, the preparation of this map can
occur at the first meeting or be delegated to one or more of the
911 committee members for preparation between meetings. The

master map will then provide a contmon picture of the area service
configurations as they affect 911 implementation.

Besides the requested telephone system data, the dispatch
capabilities of the j-ndividual agency centers should be discussed.
In any particular 911 planning area, the separate dispatch centers
will have different levels of sophistication for interfacing with
the public and with other agencies. For example, some centers
will have common frequencies with other agenciesr son€ will have
CB equipment while others may be connected to highway emergency
call boxes or fire alarm systems. The level of sophistication
might reach computer-aided dispatch. Any information which can
be assembled concerning special or unique systems should be

discussed at these meetings to insure that complete information
is available for the eventual selection of PSAPTs and for the
configuration of the total 911 system.
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In addition to gathering the above information from the
service agencies, a valuable step in the planning and sizing of
alternative 91I systems will be a determination of the number
and types of cal1s handled within the planning area, Incoming
telephone carls and radio traffic for a representative period
should be used to determine the call volumes for each agency.
Forms B-2 and B-3 (Appendix B) provide an example which could be
used for this purpose. Another valuable input to the 911 com-
mittee would be a description of recent periods that contained
unusually high numbers of incoming caI1s. CaII handling exper-
ience in these periods can help in sizing the 911 systems.

Telephone company inter action and boundary mismatch
The telephone central offices in the 911 planning regions can

provide information on the types of 9I1 operating techniques that
can be used, a briefing on their current central office equipment
and their possible restraints on 911 techniques. Additionally,
plans for changing central office equipment--particularly, in
areas where current equipment restricts 91I alternatives--should
be conveyed to the 911 Committee.

With the addition of the local telephone companyts exchange
area boundaries to the master map, the 911 Committee will be pro-
vided with a clear visualization of the extent to which the agency
service areas match the telephone central office areas. In
general, it will be found that there is IittIe matching of these
boundaries.

Figure 32 is an example of a boundary mismatch. In this
example, city and county service areas do not match the telephone
central office boundaries. Not all boundary mismatches are
significant since in some cases there is a small population in
the overlap area.

At this point in the planning process, it is advisable for
each jurisdiction and agency to study the master map for the
purposes of:

o Determining the exte.nt to which its service areas
coincide with tei-ephone central office boundaries,
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Figure 32. A city-911 and county-glJ- boundary
mismatch Problem.

NotS_ng these agencies and jurisdictions with which

it is linked by the telephone central office
boundaries,
Determining the number of people in each agency

service area that are affected by a mismatch.

Based on these factors, the planner and the 911 Committee should

develop some preliminary 911 system alternatives.

6.4.2. Alter native 911 confiquration and PSAPTS

Having carefully laid the groundwork through the preceding

planning steps, the 911 Committee should next address the issue

of selecting alternatiye 911 system configurations (6nd their
associated PSAPts) for final evaluation. At this point in the
planning process, it will be evident that solutions to the
boundary mismatch problem will reguire interagency and inter-
jurisdictional 911 agreements. ?he vitaL eLements for the
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success of this planning step are, therefore, a solid under-
standing of the local situations (developed through the previous
planning steps) and a spirit of cooperation among the partici-
pants in the planning process.

fn evaluating the alternatives, the 911 Committee should
proceed through a three-step process;

o

o

Study the boundary mismatch problem in each central
office area to identify requirements for interagency
and interjurisdictional cooperation.
Identify candidate agencies for pSAprs and identify aII
included agencies for each 911 alternative. Determine
the call-handling mechanism to be used for each in-
cluded agency.
Study the total costs and individual elements cost for
each alternative.

o

Normally, without using costly unique solutions such as
serective routing, the technigue for accommodating boundary
mismatch is to build up alternatives using combinations of
telephone central offices.

Basically, this means that the 911 Committee should develop
911 systems by grouping central offices in such a way as to mini-
mize boundary mismatch. Note that the larger the area included
in a given 911 system, the smaller the cost of the system to each
participant, i.e., central office combinations should be as large
as is feasible.
Rural counties

In those counties of a state where the population, number of
cities, and size of cities is smaIl, the boundary mismatch prob-
Iems are not generally severe. The 91I systems that include all
central offices in a county or a region are probably reasonably
consistent with the serrTice areas of the principal law enforce-
ment (sheriff), fire protection (rural EpDrs), and emergency
medical (municipal, private, and, volunteer ambulance) qgencies.
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Mixed counti.es
As the population of ttre countieS and the size of their

included municipalities increase, the possibility that the

municipalities may want separate 911 systems also increases.
In these intermediate-sized counties, the selection of

central offices to be incruded in each 9rr system becomes more

complicated as the number of jurisdictions and agencies j-n each

central office area increases.

Urban counties
In urban counties, the number of large and,/or heavily

populated jurisdictions in a given central office area can be

significant. Additionally, the fragmenting of jurisdictions into
several central office areas is more common. In these counties,
even the best configured alternatives may have the calls of
single jurisdictions handled by two PSAPts.

In generaJ-, the problems caused by boundary mismatch are

potentially the most difficult in urban counties with abutting
jurisdictions and the least difficult in lightly populated rural
counties. Each 911 Committee should clearly identify the magni-

tude of its particular boundary mismatch problems by studying the
correspondence of jurisdictional/agency/ telephone company

boundaries.

6.4.3. CaI l-handlinq techniques and standards
Each agency in the 911 planning area should provide the 911

corrnittee with sufficient information, usually in the form of
group discussion, about its operations so that realistic 911

alternatives can be developed. This second planning step should

be undertaken only after the committee has developed descriptions
of the loca1 jurisdiction, agency and telephone configurations.
Discussion in this section relates to the operational rather than
technical characteristics. Technical characteristics and require-
ments should be addressed to telephone company rePresentatives
and/or an engineering consultant.

There are four basic, generally accepted, 9Il- operational
methods: direct dispatch, call transfer, call- re1ay, and call
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referral. rt shourd be noted that public safety Answering
Points are simply points of contact at which emergency calls are
received. The composition of the PSAP may util-ize any one or a

combination of aII of the above techniques depending on the
part.icular agency application.

fn the direct dispatch method, as shown in Figure 33, two of
the emergency communication system functions--g1l call answering
and radio dispatching--are collocated. For example, the pSAp

could be collocated with a centrarized multi-agency radio dis-
patch center that handles emergency cal1s for police, fire, and
emergency.medical services. Alternatively, it could be collocated
with a single agency (most commonly, a police department) that
provides one type of emergency service. rn the direct dispatch
method, call answering and radio dispatching may be performed by
separate individuals (two stage) or the same individual (single
stage). Transmission of information from the PSAP to agencies
that are not direct1y dispatched can be accomplished using one or
a combination of the remaining three basic operational methods:
call transfer, call relay t ot call referral.

Figure 33. Direct dispatch.

CaIl transfer, Figure 34, requires that the citizen first
dial 911 to reach the PSAP. The psAp then obtains, as rapidly as
possible, the location and nature of the problems and determines
which public safety agency should respond to the incident. Then,
by direct tie line, the psAP connects the citizen to the proper
agency. The PSAP functions as a switchboard, and the citizen
gives the complete explanation of his problem to the proper
agency.

CITIZ E N PSAP
DELIVERY

OF SERVICE
TO CITIZEN
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RESPONDING
AGENCYPSAPCITIZEN

Citizen gives detoils

Figure 34. Ca1l transfer.
The major advantage of call transfer is the lack of inter-

agency coordination necessary after implementation. Its most

common application is in situations involving core-city fire
protection agencies and for public safety agencies in outlying
cities. That is, situations where the particular emergency

service agency wants to perform its own screening of calls and

pr:eserve its organizational identity in the eyes of the public.
It has two major disadvantages. First, the response time is
longer than that of the direct dispatch method. Second, the
citizen must repeat parts of the incident det,ails, a problem that
is often frustrating to a citj-zen under stress.

Similar facitities are required for call relay and call
transfer aS shown in Figure 35. In call relay, however, the
information rather than the caller is transferred to the proper
agency. The information is obtained from the citizen by the PSAP

and relayed to the proper dispatch center by voice or digital
communication. The citizen does not perceive any difference
between call relay and direct dispatch because the PSAP relays
the information to the proper agency, and the citizen is spared

the necessity of repeating incident details.

lnformot on reloyed by
9ll personnel

Figure 35. CaIl 5e1aY.

The major
is essentially

advantage of call relaY
the same as that of two
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citizen frustration is minimized. call relay also has the
advantage of leaving dispatch operations under the control of
individual agencies, who view the dispatch function as a manage-
ment and control function rather than a more neutral "resource
allocation" function. A disadvantage of carr relay is that
proper operation requires explicit call-answering policies for
the various agencieg. This necessitates a degree of cooperation
which many agencies find difficult to achieve.

Final-1y, the cal-l referral nethod, shown in Figure 36, in
which the PSAP provides the citizen a seven-digit number to dial,
is used for two purposes. First, certain agencies may not have
the volume of urgent calIs to warrant the potentially expensive
equipment necessary for call transfer or carr re1ay. common
examples of such agencies are the coast Guard, the FBr, public
works departments, and utility companies. secan6, citizens
should be dj-scouraged from using 91I for non-emergency ca11s so
as to keep the lines free for emergency caIls. Therefore, call
referral is also a means of informing the public, in a polite
and professional manner, that they should not use 9r1 except in
the case of an emergency.

7-Digit num ef re rrol

Figure 36. Call referral.

Figure 37 (from a Stanford Research rnstitute study) illus-
trates the approximate time requirements for the various 9I1 call
handling techniques. Research has established that certain steps
in the communication process take a standard arnount of time. For
exampre, it takes about five seconds to dial gl_1. rt takes about
60 seconds for the citizen to rerate incident details, and it
takes about 10 seconds for car dispatch. These standard times

ClTIZEN PSAP
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appear in Figure 37 in conjunction with ydErable eyent tines--
that is, those times which are unique to each call handling pethod.
Included at the top of figure 37 is the average amount of time delay
incurred by callers without 911. This average delay without
911 is the delay resulting from a need for approximately 502 of
resident citizens to look up the number of the correct agetlcy, to
go through the telephone operator r ot t for more than 2AZ of the
citizens, to be transferred from one agency to another. The

amount of time from citizen recognition of an incident (the left
end of the time bars) to completion of a dispatch (the right end
of the tj-me bars) is composed of the standard times plus times
required for operations that are specific to each 911 call-
handling technique.

Direct dispatch is the fastest 9I1 call-handling technique.
Approximately 80 seconds are required from the time the incident
is recognized by the citizen to the time the dispatch is completed.
This tj-me (80 seconds) is only one-half of the time required
(160 seconds) for many citizens wj-thout 911 systems.

CaII transfer 911 adds two operations to the direct dispatch
method: (1) obtaining incident data and selecting the correct
agency to receive the transferred cal1, and (2) transferring the
caller to the correct agency. These two operations add about 25

seconds to the time required to direct dispatch 911. Ca11

transfer has a resultant overall time of 105 seconds. This is
stil1 nearly a minute faster than non-911 systems.

CaI1 relay 911 takes more time than direct dispatch 911 and
less time than call transfer 911. With call re1ay, the 91I call
answerer tranfers the information rather than the caller. Thus,
the citizen does not have to repeat part of his story as he does
with call transfer. A time of about 90 seconds is thus spent on
call relay which is fully a minute Jess than non-9lJ systems.

E\ren call referral 911 is faster than non-911 systems by
more than half a minute. In call referral 911, the pSAP is only
involved with the caIler for about 45 seconds whieh is only one-
half the time it takes over 50% of the ca]lers to obtain the
correct agency with non-911 systems.
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The 91I committee members shou]d evaluate these various
times for 911 call-handling techniques to determine the impact on
the selection of a technique suitable for their agencies and
jurisdictions. Telephone company representatives should discuss
the telephone system requirements for these techniques with the
membersr ES desired.

Depending on the configuration of the loca1 telephone system
equipment, certain 911 options are available. Several excellent
stuCies are cited in the bibliography. The applicatJ-on to and
availability of these options for local 911 systems should be
coordinated with the loca1 telephone company representatives.

The Public Safety Answering point should have the capability
to communicate with individuals having auditory handicaps and to
communicate in the language of the predominant populatj-on groups
with limited English speaking ability in the systems service
area.
Alternative 911 configurations

In their study of the
committee should address a

alternatives:

This set
the 911

ations.

various 911 alternatives, the 91I
number of questions regarding the

o

o

Are boundaries between the major agencies recognized in
one or more of the alternatives?
To what extent do the areas covered by the 911 alterna-
tives match those of the agencJ-es and jurisdictions?
Are the agencies and jurisdictions in the various 911

configurations compatible in terms of operations and
political/management conditions?
Do the 911 configuratj-ons recognize natural boundaries?
Are central offices which straddle the county bound-
aries assj-gned to the public safety agencies (generally
sheriffs) responsible for the bul,k of the population in
those exchanges?

of questions will serve to focus the considerations of
committees on key aspects of the alternative configur-

o

o

o
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6.4.4. Selection of PSAP's and call-handling techniques
Frequently, PSAPTs are located in the largest law enforce-

ment agency or existing joint dispatch facility in the 911 plan-
ning area. This is based, in partr on the fact that the law
enforcement agencies normally receive 804 to 908 of the emergency
calls and are generally the best equipped to assume the 911

communications load. In some areas, however, this may not be the
best selection, so the 911 committee is encouraged to analyze
each alternative on its own merits.

PSAP locations can also be determined by maximLzLng the
population to be served by direct dispatch. A single, properly
trained person can handle all 911 call answering and dispatching
for up to 181000 people. Therefore, to provide maximum use of
personnel, the 91I committee will want to use 911 personnel in
the direct-dispatch mode to the maximum extent possible. For
somewhat smaller population bases, a 9I1 operator can provide 91I
answering for all agencies, dispatch for some agencies, and
provide call transfer, call relay t ot call referral for the
balance of the agencies.

The final consideration in PSAP selection is to minimize
telephone line costs. Most of these costs are computed on a per-
mile basis so there are cost advantages to selecting PSAP loca-
tions that reduce PSAP-to-agency and PSAP-to-central-office
distances.

Each 911 committee should, then, go through the following
process in completing the descriptions of alternatives to be
considered for final selection:

In each 9I1 system area, identify agencies that want to
operate with either direct dispatch, caII transfer,
call relayr or call referral.
Determine the dispatch locations of the largest (in
terms of call volume) agencies desiring direct dispatch
911.

o

o
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o

o

o

o

Evaluate space availability in the dispatch
centers for the 911 personnel 4nd possible dis-
patch for additional agencies, if desired. Include
consideration of direct dispatch of ambulance.

Deternine distances from these dispatch centers
to central offices and other agencies.
Determine relative capabilities of central
of,f ices in candidate PSAP l-ocations.
Se1ect PASPts based on the above consideration.

6.4.5. Costs of alternative s stems

The costs of alternatj-ve 911 systems must be considered in
terms of both implementation costs and, more importantly, ongoing

operational costs. The principal implementation costs are: new

facilities and equipment (if required), telephone system imple-
mentation, and telephone logging recorders. The principal
operational costs are the salaries for call answering personnel
and the telephone system repair and maintenance costs.

Facility and equipment requirements are heavily dependent on

the number of call answering and dispatch position requj-rements.
A common rule of thumb is that each position requires approxi-
mately 5.5 sq m (60 sq ft) of floor space to allow for the console
and passage space, and that one operator can handle a population
of approximately 18,000 persons.

The telephone system is componsed of: incoming 911 lines,
outgoing private Iines, listed and unlisted business 1ines, and

the call-answering telephone equipment. To determine the instal-
lation and recurring costs of these lines and equipment, the
telephone company serving the PSAP must know the number and type
of telephone lines, the distances between points to be inter-
connected by dedicated lines, the number of answering positions,
and the total number of lines to be terminated at each position.
The telephone company serVing the proposed PSAP can assist in
developing this information and can proVide estimates of the
telephone system installation and operating costs.
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The cost of logging recorders can vary significantly depend-
ing on the type of recorder and the features pfoyided. Exact
costs must obviously be obtained fron the various manufacturers
at the tj-me of systen imprementation. There is a choice of two
basic configurations which may be used to connect the telephone
system to the logging recorders. The first method is to connect
each 91r line to a separate logging recorder channel. This
method records the entire con\tersation on the 91r 1ine, even if
the call is transferred. The second method is to connect the
telephone set of each call-answeri-ng position to the logging
recorder. using this second method, only that portion of the
call answered on the 911 line is recorded (.no recording is made
after a calL is transferred). This system requires l-ess recording
channels and is less costry. Finally, an existing dispatch
center may have a recorder with unused capacity which could be
incorporated into the 911 system. The 911 committees should
determine which configuratj-on they will use for each alternative
in order to determine the cost of logging recorders.

The number of personnel required to staff a 911 system
depends on the configuration of the arternatives, however, an
estj.mate can be developed using either call data or population-
based data. The number of personnel needed to provide the 9r1
function must then be compared to the number of personnel avail-
able in existing public safety communications facirities in
order to determine the need for new personnel.

This section has described the rather complex process of
evaluating, configuring, and costing alternatj-ves. Each 9rr
committee should make a major effort to assure that the alter-
natives that emerge from this process are those that have support
from some segment of the council.

6. 4. 6. Management techniques
There are two basic nanagement forms (joint powers and

contract) commonry used to implement and operate a multi-agency
911 system. Even a single city 911 system will require some form
of interagency agreement because fire, poriceT and ambulance
agencies must be included. The most basic management form is a
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contract between the sheriff and a town when the sheriff prayides
Iaw enforcement for the town. Joint powers agreements are
generally rather more complex and often involye a number of
participants.

Although this is a technical planning guide, the importance
of a sound, agreed-upon management concept is a major factor in
ach.ieVing a successful telecommunication system. The degree of
influence which the EMS planner will have on the organizational
management structure will depend upon how well he understands
the constraints and operational problems involved in different
comnunication management structures.

6.4.7. Selection of alternatives
The 911 committee should now be ready to use the information

it has accumulated as a basis for selecting 911 systems to serve
its planning area. Each 911 system to be evaluated will have
five basic features: (1) a specific geographic area which
contains a number of jurisdictions, agencies, and telephone
exchanges (plus, perhaps, parts of other jurisdictions and

agencies), (2) a set of call-handling procedures for the included
agencies, (3) a selected PSAP, (4) estimated initial and

recurring costs, and (5) a method of management. This section
will provide a method for ranking these (and other) 911 system
features.

Form B-4 in Appendix B contains a matrix which the 911

committees can use to rank the alternatives. It is probable that
members of the 91] committee will not all agree on the ranking of
benefit measures for each alternative, particularly, benefits
which are not easily measuredr so each member should have the
opportunity to rank them independently. After its individual
members have ranked the alternatives, then a 911 committee should
meet to evaluate the rankings and develop a consensus of the
committee members.

The form contains a mix of quantitative (measurable) benefj-t
measures and qualitative (unmeasurable or subjective) benefit

I

I
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measures. For example, the eost of the telephone system is a
quantitative rReasure, While the desires of an agency for a

particular configuration is usually a gualitatiye measure.
rn using the forn, the 911 committee members shourd rank

the alternatives for each benefit measure. The best alternative
should receive the lowest number (one)-, the worst alternative
should recej.ve the highest number (equal to the total number of
alternatives being considered), and the other alternatives should
receive rankings in ascending order of undesirabirity, ArI
benefit measures need not be used. Each 911 committee can select
a subset of these measures that they wish to use. CIearIy,
additional benefi-t measures can also be selected.

6.4. B. Preparation of preli minary 911 plans
After an alternative has been selected, it will be necessary

to develop a tentative 91I pIan. Each 911 plan should address at,
reast the following minimal topics since the success of the
resultant system can be seriously jeopardized if complete inter-
agency and interjurisdj-ctional understanding is not reached.

Confiquration of the 911 system
It is most important that the proposed 911 service area be

clearly described to all affected agencies prior to any definitive
implementation action. Consequently, a list of concerned agencies
shourd be compiled, and a representative of each agency should
sJ-gn it to demonstrate that agencyts acceptance. This will
prevent situations where one area is blocked in its 911 develop-
ment because of actions taken by another jurisdiction. Concerned
agencies will include:

o A11 member agencies with their service areas. A

member agency is one with the bulk of its 9I1 calIs
for that area processed through the system pSAp.

These agencies will haVe to cooperate closely in
the 911 center management.
A11 agencies should be listed, together with their
service areas, in the exchanges. Fringe-area
agencies are those with most of their service area
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o

in another PSAP area. For example, if ten percent
of agency Als service area f,alls within an exchange

wired into a PSAP, this condition should be described.
CaII handling for the ten percent of the calls (..9.,
calls transferred between PSAPTs) r a special line
to the appropriate PSAP, and radio relay of the
information, also should be described,
The affected exchanges should be clearly listed
so that there is no doubt about alL prefixes
accessing this particular answering point (PSAP).

Technical/operational components

The following points, which should be covered separately in
each local public safety answering agreement, are assumed to comply
with any state or Federal requirements:

o

CalI handling by call type for each agency must be

specified for each PSAP,

Call handling procedures for each agency should be

specified, along wj-th any hardware requirements.
For example, Lf an agency wishes its caIls trans-
ferred, the PSAP will need dedicated lines for
transfer and call transfer equipment. (fhe lines
are to be specified in conjunction with telephone
representatives. )

The interconnection with any additional resources
(i.e., other than law enforcement, fire r ot emergency
medical) should be specj-fied, as should connections
to adjoining PSAPrs.
PSAP manning levels and response times should be
clearly described and any differences from the recom-
mended standards should be described.
If answering positions are to be equipped with
instant playback recorders, this should be specified.
Any addit,ional technical features, such as alternate
telephone cable entrances into PSAPs, underground

10s

o

o

o

o
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or buried cable entrance facilities, or alternate power

sources for the PSAP, should be specified.

6.5. The EMS Command and Control Center
A major weakness of the emergency medical services system in

the past has been the lack of efficient coordination among the
different agencies which provide emergency assistance. Most
areas have traditionally utilized independent operation of
ambulance and hospital services as well as other emergency
services (fire, law enforcement, etc.). Often the only common

communication interface available between these agencies has been
the public telephone system which has been operated much like the
citizen opening the telephone book and scanning the multitude of
"emergency service numbers". Implementation of a single number
(911) wilt ease citizen access to emergency systems, however,
effective utilization of EMS resources requires a command and
control cenLer, which can coordinate emergency services. As
mentioned in Section 3.1.3, this center should be accessed via a

Public safety Answering Point (PSAP) for all emergency services.
This section considers the problems and techniques for coordi-
nating the emergency resource agencies. Figure 3B depicts typical
telephone and radio links in an emergency system. Each com-
munity, however, must define its own needs.

6.5.1. Command and control
In order to understand better the distinction between command

and control and medicar control (section 7) the forlowing para-
graph is quoted from the DHEW guidelines (HSA 77-2036, L977) z

"Generally EMS Communications are divlded into two major
categories: Citizen Input and Response (CIR) such as a 9I1
answering and dispatch system and Medical Control (MC) such
as ambulance to hospital, hospital to hospital, hospital to
Medical Resource, and MC to CIR" Although these may be
combined, it is usually best if they are separate but
cooperating organizations. The EMS Communications System
thus proyides the means by which emergency resources can be
accessed, mobilized, managed, coordinated, directed and
accounted for. tt

I
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The Command and Control center should be responsible for
selection of the communication channels to be utilized by the par-
ticipants and allocation of those public resources essential to
the most effective and efficient manaqement of the immediate
problem. rn other wordsr €rs stated in the NHTSA (1978) guide:

"Emergency vehicles requesting a medical coordination
channel to the most appropriate hospital do so thru the
communication control center. Using the channel established
for initial contact with the communication control center
for vehicle coordination purposes, the control center
directs the vehicle to the channel selected for medical
coordination with the most appropriate hospital. The
communication control center notifies the hospital of the
incoming call and the selected channel and maintains super-visory contact until the link between the vehicle and the
hospital has been properly established.',
Quoting again from the DHEW guidelines:
"A communications center for crR and for Mc are inherent tothe provision of effective EMS. fE'6se centers should havethe links required to satisfy and effectively perform theirindividual function. The real-time (channel- tiunking)
concept for assignment of channels necessitates a communi-
cations center and is the method which makes most effective
use of the block frequency allocation structure of the FCCrures. Geographical assignment of frequencies may be justi-
fied in Low traffic volume areas where an existing syslem is
meeting most requirements. Even with the geographic-concept,
a communications contror center is necessary for coordi-
nating and disciplining operations. Command and control isa function of management. The national emergency telephone
number ("9r1", can enhance citizen access by providing a
nationwide uniform telephone number. The ,'911,, system
encourages those providing communications services and thoseproviding emergency assistance to coordinate their efforts
and facilities and work together. A central communications
call answering facility is also inherent to the "91I,, system.,,
From these guidelines, then, the response (dispatch/coordi-

nation) command and contror radio subsystem is assumed to be
functionally independent of the medical control subsystem (medical
supervision, telemetry), The Command and Control function is
designed to direct the medical unit(s) and to coordinate other
appropriate resources to the emergency scene. The medical control
function is to provide professional medical advice and direction
to personnel at the scene and en route to the primary care unit.
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The availability and flexibility of EMS UHF' frequency a1lo-
cation are strong incentives for incorporating the Command and

Control and the Medical Control subsystem into a single radio
system. In so doing, howeverr the planner must analyze the needs

and conditions at the Iocal, operational level to determine:
o The operational loading and capacity of the two func-

tional subsystems. For example, can medical control
telemetry be interrupted for dispatch and coordination
by the Command and Control Center?

o The operational procedure requirements between the two

functional subsystems.
o The availability of additional UHF channel assignments

for the dispatch function of Command and Control.
o The best way to utilize existing radio inventories.
o The cost,/benefit impacts of the various alternatives.

Some EMS systems have elected to retain their existing EMS

VHF subsystem for the Command and Control function and add the
UHF subsystem for medical controli however, the transition to a

total UHF syst.em is encouraged. The optimum configuration for
any specific EMS system must be determined by the local EMS

council in cooperation with regional and state p1ans.

6.5.2 Command and control center functions
The design of the EMS command and control subsystem should

include a minimum set of functions which in turn will dictate
certain interfaces with other agencies. These are:

o Be responsible for establishing and allocating those
communications channels and coordinating the response

of those public resources essential to the most ef-
fective and efficient EMS management of the immediate
problem.

o Have the necessary equipment and facilities to permit
the immediate interchange of information essential- for
the EMS systemts resource management and control.

o Be interfaced with all Public Safety Answering Points
(PSAP) within its area of responsibility by direct
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telephonic and or radio comnunicatiqns interfaces
unless the EMS Command and Control and all pSApts are
operated at the same control point.

o Have radio communicat.ions capabilities with all person-
neI, facilities, and equipment of the EMS system and
with other appropriate EMS syst,ems in accordance with
applicable state, regional, and local plans for emer-
gency medical services communications,

o Have the capability for establishing telecommunication
conference connections to allow a caller and the EMS

Command and Control operator to speak with poison
control centers, emergency medical resource centers r ot
other locations which can provide information outside
the scope of knowledge of the EMS Command and Control
operator.

o Provide for continuous and uninterrupted operation by
regularly assigned personnel trained in public safety
and EMS telephone and radio operating procedures and
familiar with public safety and EMS resources within
the centerrs area of responsibility.

As discussed previously, each EI4s system will configure their
resources in different ways to satisfy their needs, however,
these basic functions should not be compromised in the process of
agency accommodation.

6.5.3. EMS command and control center call processing functj-ons
Incoming emergency calls which require the dispatch of

medicar personnel may be handled in several different ways.
Howeverr Do matter which way is chosen, the steps are basically
the same. The difference depends upon the way in which the
individual steps are perf,ormed. The steps in the processing of
an emergency call ares

(1) Receive the call on incoming telephone trunk Ij-nes or
automatic private lines from the pSAp.

(2) Request and record the type of emergency. (Note: by
requesting the type of emergency such as fir.e, medical,
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(4)

etc., the PSAP operator may tfansf,er the. ca1ler to the
appropriate agency with a ninimum arBount of redundant
information and corresponding amount of time saved.
This is particularly important for tlr.e mental well-being
of an excited, anxious caI}er.
Transfer the information to the radio dispatcher.
Dispatch the appropriate EMS resPonse.

Ca1ls received on 911 which are not of an emergency nature are
not transferred to an agency. The calier is given the administra-
tive number of the particular agency and asked to redial the
appropriate agency administrative number.

The simplest way in which to carry out the above steps is to
have one person handle all four. However, when the work load
becomes too great for one oPerator/diSpatcher, the calls can be

divided among two or more persons having the same duties. The

process may also be divided by giving different duties to each

operator such as having operator I handle steps 1, 2, and 3 and

operator 2 handle step 4. In step 4, the transfer from emergency

operator to dispatcher may be accomplished in a number of ways

(hand-off, messenger, conveyor be1t, pneumatic tube, computer
terminal, etc. )

OnIy the most obvious features of these various arrangements

have been discussed. The choice among them depends on other
factors, including the volume of telephone calls and radio
messages, the size of the population and area being served, the
nature of the demands made on the system by the community, the
boundaries of the telephone exchanges in the community, etc. No

single rule of thumb can be stated to make the choice an automatic
one. General experience indicates that communities with popula-
tions below about 40,000 to 50,000 normally use one Person for
all four steps. Communities with populatiOns between about
50,O0O and 1OO,O00 generally use two. The addition of the second

person is made only during the busiest shift for the departments

near the lower end of this range. When the population is near or
beyond IOO,OOO, a third person is usually added to the busy shift
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and, as community size increases, more personnel are added to the
other shifts. As additional operators are employed in the communi-
catj-on center, the more likely it is that the complement on each
shift will differ according to the systemrs needs. There are, of
course, many exceptions to these guidelines, caused by particular
local conditions.

The decision to give al} additional personnel the same

duties or to divide the four-step process into two or more stages
is ress dependent on population size than on some of the other
factors mentioned above.

6.5.4. EMS command and control te lephone conf igurations
Section 6.4 discussed the operational and technical require-

ments for the PSAP and dispatch telephone configurations. This
included 911 trunk line requirements to the PSAP from the central
telephone exchanges as well as hot-Iine or dedicated telephone
circuits from the PSAP to the various agency command and control
centers. This subsection will discuss additional telephone
circuit and termination equipment requirements.

The EMS Command and Control Center usually requires four
distinct types of telephone service:

o Incoming emergency calls from the PSAP (unless the pSAp

and Command and Control Center are colocated).

o Incoming administrative or business calls on the
public telephone system.

o Outgoing calls of all types on the public telephone
system (usually unlisted telephone numbers).

o Automatic private lines to expedite coordination with
key agencies other than the pSAp.

NOTE: Telephone private lines (wire pairs) for remote base-
station control are not considered in this subsection.

Incoming emergency calls from the pSAp are usually via
automatic private or dedicated telephone lines. wit.h these
1ines, whenever either station lifts its receiver, the other
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station is signaled (rung) automatically and no dialing is re-
quired. Such lines are also used for quick, dependable communi-
cation with other agencies such as police, sheriff, fire, poison
center, etc. Incoming administrative or business lines provide
for non-emergency access to the center. The "unlisted" outgoing
lines provide dispatcher access to the public telephone network.
This is especially vital during major emergencies and disasters
when the center administrative and business circuits may be
overloaded. Ihe local configuration of telephone trunks, circuits
and lines will depend, however, on a particular communityts
operational concepts and interagency cooperation.

The particular type of telephone terminal equipment used at
the dispatcherrs location depends on the preference of the agency
and of the people using the telephone. Ordinary desk telephones
are often used, but many dispatchers find the use of headsets in
place of the telephone handset more convenient, because it
leaves their hands free. The telephone headset can be shared
with the radio system, with the radio push-to-taIk switch auto-
matically selecting telephone or radio capability. Besj-des the
standard dial or push button telephone, there are various types
of dialing equipment available.

When several telephone lines are required, push-button or
"key'r telephones offer flexibility and effective handling of the
telephone lines. Features available include pick-up and holdirg,
intercommunication between lines, visual and audible signals,
cutoff, exclusion, and signaling. flluminated and optionally
colored push-buttons on the telephone set give a visual indj.ca-
tion of incoming calIs, held or busy lines. The hold key enables
the user to hold any line picked up. The cut-off and exclusion
features can provide privacy or emergency override of other users
on the 1ine, by enabling the user to disconnect other extension
telephones from that line.

It is usually possible to consolidate the telephone equip-
ment into a communication console, if desired. This is sometimes
convenient from an operational viewpoint, because it reduces
clutter at the console and the equipment can be arranged for the
most convenient use.
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Maintenance on the telephone equipment is almost always
performed by the telephone company since the equipment is usually
leased from them; however, recent FCC Rules and Regulations and
innovations in the telephone equipment terminal market are pro-
viding other options to leasing.

6.5.5. EMS command and control center design consideraticns
The primary functions of the operator/dispatcher are receiv-

irg, processing and transmitting information. It is the respon-
sibility of the planners and designers to insure that the envi-
ronment (botn physical and mental) enables the operator/dispatcher
to perform those functions in an efficient and expedient manner.

Some of the major items which should be addressed with
regard to design are:

o Space - does the configuration aIlow space for admini-
stration, rest, equipment, etc.

o Environment can the temperatu.re and humidity be
controlled for maximum and minimum work loads? Have

the floor, ceiling, waII coverings, and colors been
selected to provj-de a comfortable environment?

o Noise are construction materials used which will
provide relief from both i-nternal and external noise
and vibration?

o Illumination can the leveI of lighting be changed to
accommodate different activities and personnel needs?

o Maintenance Access - has "computer flooring" been
considered for maintenance, expansion, and operational
flexibility to insure a minimum of operational dis-
turbance?

Physical Security is the facility capable of handling
severe weather, earthquakes, internal and external
fire, flood, and/or intentional sabotage? Is the fire
extinguisher system compatible with the electrical and.

electronic equipment?

o
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Emergency Power is the primary power backed up with
generator and/or batterY sources?

Flexibility is the design of the center flexible
enough to alIow reconfiguration of the operational
equipment (moving of consoles and other equipment) ?

Figure 39 shows a typical smaII control center configuration.

o

o
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2

I -DUAL-POSITION RAOIO
OISPATCH CONTROL CONSOLE

2 - SINGLE-POSITION RADIO
DISPATCH CONSOLE

3-SINGLE-POSITION RAOIO DISPATCH
CONSOLE WITH TRAFFIC LIGHT,
MICROWAVE FAULT ALARM ond
FIRE/BANK ALARM INOICATORS

4-AREA MAP

5-AREA MAP or OTHER DISPLAY

COMMAND AND CONTROL
CENTER

3

9

to

6-MICROFILM STORAGE ond
RETRIEVAL UNIT

7-COMPUTER TERMINAL
WITH CRT DISPLAY

8-CARD SLOT STATUS

9-24-HOUR RECORDER

IO-COMPUTER TERMINAL
(HARDCOPY PRINTER)

SUPERVISOR,S
OFFICE

Figure 39. Typical medium-sized communication center.

7. MEDICAL CONTROL COMMUNICATIONS SUBSYSTEM

The medical control subsystem involves communications be-
tween medical personnel at or en route to or from the emergency

scene and a medical care center (a hospital, clinic, . .). The
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purpose of this communicaticns subsystem is to extend the knowl-
edge and expertise of the medical professional to the emergency
scene in order to reduce the possibility of premature death and
disability. It is the plannerrs responsibility to understand the
communications needs of the local medical community and to trans-
late those needs into a workable plan, consistent with the plan-
ning principles expressed j-n Section 4.

In an effort to optimize the operational and organizational
concept of medical control, the DHEW EMS communication pran (usa-
77-2036, L977) sets forth certain assumptions, definitions, and
operational guidelines with which the planner must also be famil-
iar. Whether these medical control guidelines meet the needs of
the locar system in fuI1 or in part, is a decj-sion for the rocal
medical community.

The DHEW document (HSA 77-2036, March L977) defines medical
control (UC1 as follows:

"Directions and advice provided from a centrarry designated
medical facility staffed by appropriate EMS personnel,
operating under medical physician supervisj-on, supplying
professionar support through radio or terephonic communi-
cation for onsite and transit, basic and advanced 1ife
support services given by field and satelli-te facility
personnel. "

The

and

Pran further eraborates on the medicar control operationar
organizational concepts :

,In most urban areas, medical supervision is provlded
through a central base hospitat resource. rt is emphasized
here that it is quite impracticar in terms of available
frequencies and from the standpoint of expense to have every
hospitar in an urban area provlding medical supervj-sion to
ambulances bringing patients to each individual hospital.
Most importantly, personner at each of the receiving hos-pitals cannot be expected to be famiriar with the riaio
equipment and communications procedure with resurtant com-
munication failures. Furthermore, where multiple users
(may be forced to share) a frequency (such as durj_ng a dis-
aster), information may become interchanged which may leadto errors in diagnosis and treatment. Therefore, foi urban
areas it is imperative that medj-cal supervision be region-
arized and confj-ned to one base hospitir communication
center as appropriate to the EMS authority of the state in
response to the needs of the region. . ."
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As emphasized in Section 6.5, the dynamic coordination of EMS

channels is the responsibility of, the Command and Control Center.
This allows the medical professional to concentrate on medical
considerations. In addition, it enables the system designer to
employ operationally simpler hardware configurations in the
medical facility thereby reducing training costs, operator error
and other related problems.

"The supervising medical resourqe facility must be responsi-
b1e for notification of the other receiving associate hos-
pital so that it will be aware of the problem, and what has
already been done in order to expeditiously assume responsi-
bility for the care of the patient immediately upon arrival.
Furthermore, this medical resource facility should be re-
sponsible for decisions that relate to transportation triage
of a patient to a special care unj-t in accordance with
previously developed patient transfer guidelines and agree-
ments. It should have the capability of hospital-to-hospital
communications for the purpose of determining Emergency
Department capability and bed availability information which
is necessary in effective coordination of patient dispo-
sition. There must of course be a linkage between this
Regional medical resource facility and t.he Regional command
and control center responsible for dispatching of all emer-
gency vehicles. "

From these guidelines, a number of local medical control configu-
rations might evolve, one such example is presented in the
following paragraphs. It is recommended that the communications
system design be flexible enough to allow Medical Control to be

reassigned to any hospital in the event of a major disaster or
other unusual circumstance.

The medical control communications subsystem would require a

resource hospital to serve as the Medical Control Center. This
center is usually located in or near the resource hospitalrs
emergency department. The center maintains contact with the
medical field personnel (i.e., EMT2 pdfamedic, or nurse) and
provides medical consultation through the delivery phase as seen

in Figure 40a. The resource hospital may or may not receive the
patient for further treatment. If the emergency scene is closer
to an associate hospital, capable of accepting the patient, he or
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she may be transported to that hospital. Operational consider-
ations of hospital selection such as patient choice, local ordi-
nances, and state laws must be considered in subsystem design but
are beyond the scope of this document. The associate hospital
receives information concerning the patient from the medical
control center at the resource hospital over the telephone or
radio interface or, when necessary and authorized by the MC

center, by direct radio communication with the medical field
personnel on their own (associate hospital) EMS base station
and/or control console. OnIy a controi console would be required
if a common EMS base station is employed. These configurations
are seen in Figure 40b.

In large urban areas, the EMS command and control center
or approprj-ate alternative may act as the EIvIS frequency assign-
ment center. In this capacity, the center would notify both the
medical field personnel (ambulance) and the appropriate medical
center resource hospital as to which EMS channel to use for a

specific emergency event as seen in Figure 4L. The EMS command

and control Center might also be responsible for coordinating
with neighboring EMS systems to minimize interference and maximize
EMS channel utilization. The method and formalization of
coordination is usually governed by the sophj-stication of the
system.

The decision as to which hospitals are "resource" and which
are "associate" is determined by Federal and state guidelines as
coordinated and agreed upon by the local facilities and is beyond
the scope of this document. The planner should be aware, however,
that medical control of a local EMS system has political and

economic ramifications which, if ignored, can inhibit system de-
velopment. To implement an efficient EMS system requires under-
standing, cooperat,ion, and a strong commitment to emergency

patient care.

7.L. Medical Control Communications Design Considerations

It is highly probable that the EMS planner wiLl find some

configuration of EMS radio subsystem already in operation. If
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such is the case, the planner will be responsible for recommending

alternative methods of modifying or updating the existing EMS

radio subsystems. AS emphasized previously, this requires that
the planner have a clear understanding of the Command and Control
and Medical Control communications requirements as developed and

agreed upon by the loca1 EMS Council.

System flexibility
The flexibility of an EMS medical control radio system is an

intangible attribute of the system. In general, flexibility
consists of a system's ability to adapt to rapid changes in
demand and unforeseen events. Demands produced by individual
events concern one aspect of flexibility. This area of flexi-
bility has been enhanced by"revised FCC rules which encourage

dynamic channel assignment in the EMS UHF paired frequency aIIo-
cations. For instance, a flexible system will provide communi-

cation for a portion of the system or a segment of the service
area which is involved in an extraordinary event, without Ser-
iously disrupting the communications in its own area. This is
related to having suffj-cient system capacity to absorb a sudden

increase in the communication load.
Another aspect of flexibility involves adaptation to slower,

but more permanent changes in demand. Growth of the community,
and demands for service and an increase in the number of EMS

providers constitute this type of change. Shifts in population
within the systemrs service area, introduction or loss of indus-
trial or business facilities, changes in political boundaries,
and introduction of new communication technologies are a1I sources
of permanent changes in communication system demands.

Both aspects of Lhis flexibility requirement can be met if
the system has enough capacity. If the system barely meets the
CUrrent demands, ftexible response to new or changing demands is
difficult. lf, however, some capacity is available for increased
demands, system flexibility can be achieved by careful planning
in the system areas of operating procedures, personnel resources,
and system configuration.
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7.2. EMS Radio Network Design Considerations

Type of channels
rn any radio network, the types of channels which are used

greatly affect its suitability to the needs of its users. There-
fore, it is worthwhi-Ie to consider the characteristics of channels
by themserves apart from any network, in an effort to define
their influence within a network.

The two basic tradeoffs which one must consider in
serection of a radio channel for EMS telecommunication are:

1. Should the channel contaj-n one, two or more
frequencies?

2. Should the operation of the channel be one-way,
simplex or duplex?

tlhile there are some special situations in which more
than two frequencies are used in one channel, these seem to
be unusual cases requiring individual consideration. Therefore,
channels with more than two frequencies will not be discussed.
The combinations of the remaining tradeoffs yield the following
f j-ve possibilities:

o A single-frequency one-way channel in which one
frequency is used in a broadcast or paging mode
and communication is in one direction only.

o A single-frequency, simplex channel in which the
base stations and mobile units share the same
frequency. At any given time, communication is
possible in one direction on1y.

o A two-frequency, simplex channel in which the base
transmits on one frequency and the mobiles on
another. Again, dt any given time, corlmunication is
possible in one direction on1y.

A two-frequency, half-duplex channel in which two
transmitting frequencies are used, one by the base

o
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and one by the mobiles. At any given time only the
base station can both transmit and receive.

o A two-frequency, full-duplex channel in which two

transmitting frequencies are used, with simultaneous
transmission and reception in both directions
possible.

7.3. Medical Control Channel Configurations

UHF band
The UHF, paired frequency atlocations authorized by the FCC

are designed for duplex operation. AS discussed previously,
a duplexed radio station (either portable, mobiler oI base sta-
tion) is one in which special equipment and circuitry have been

included to allow the station simultaneously to transmit and

receive information. Two radio frequencies are employed, one for
incoming information and a second for outgoing information.
Employing two duplexed stations in a system aIlows two persons

communicating to interrupt each other. Such a system is referred
to as a "full duplex" station, see Figure 42.

+

FREQUENCY 2

FREQUENCY I

Figure 42. "FuII duplexed" radio system simultaneous information
exchange.

If one of the stations is duplexed and the other is not, it
is possible to break in or interrupt only the duplexed station.
Many times in EMS communications, the ambulance or field radio
equipment is duplexed and the hospital equipment is not. This
configuration allows a physician to talk to his ambulance team
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even if the ambulance is transmitting. This type of system is
sometimes referred to as a ttdoctor priority', or rphysician inter-
rupt, system and is usually less costly and less complicated than
a full duprex syst,em. rn EMS radio systems, duprex operation is
only possible in the UHE spectrum where the FCC has designated
two frequencies to be used together as a matched pair. These
paj-rs are designated as MED channels by the Fcc, as shown in
Appendi-x A, Table A-1. This table should help the planner become
familiar with the rules and serve as a quick reference; however,
this summary is not a substitute for reading and understanding
the appropriate FCC Rules and Regulations.

A duplexed radio station which is designed to retransmit
automatically what it receives is caIIed a rrrelayrf or repeater
station. Just as in the base or mobire duprexed statj_on, the
unit is capable of simultaneous reception and transmission of
information. This technique is usually employed to increase the
effective radio range of a lower powered mobile or portable unit.
rt additionally arlows "mobile-to-mobirerr communication in a
duplexed system, a condition that does not exist in an ordinary
normal UHF base-station configuration and is due to the fact that
the mobile units do not transmit and receive on the same frequency.

When a relay station is at a fixed location and employed to
relay information from a mobire station, it is referred to as a
mobile reray station. rf the relay station is mounted in a
vehicle and used to relay information from a portable unit back
through the vehicle to a base station, it is referred to as a
vehicular repeater station or a mobile repeater. This technique
increases the range of low power portable units that may be
carried into a house or other patient location.

rn E igure 43, incoming information on frequency !, say from
an ambulance or mobile unit, is automatically connected to the
transmitter and relayed to the hospital or another mobile unit on
frequency 2.

{
(
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{
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Figure 43. Duplexed radio station information relay.

A radio station that is both a mobile relay and a wireline
controlled base stationr a'S in Figure 44, is sometimes referred
to as a base-station repeater. In this tyPe of system, a radio
transmission received on frequency 1 is heard at the remote con-
trol location and is additionally retransmitted on frequency 2.
This allows mobile stations to hear and communicate directly with
other mobile units and also with the remote control location.
For example, incomi-ng information from a mobile unit on frequency I
is connected to both the transmitter (for rebroadcast on fre-
quency 2) and, by way of the telephone control wireline, to the
remote control device located in the hospital, dispatch center or
ambulance center.

FREQUENCY 2

FREQUENCY I

+
Wirelines

Figure 44. Base station,/repeater receive-repeat mode.
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However, when the remoLe control location transmitsr the
repeater portion of the circuit is overidden and the remote
control message is heardr Ers shown in Figure 45.

FREQUENCY 2

FREQUENCY I

Wirelines
_--..:>

FJ-gure 45. Base station/repeater transmit mode.

Additional configurations and varj-ations of the above are
available for special appiications. Each of the applications has
i-ts own associated economic and operational tradeoffs.

VHF band

The high-band VHF frequencies available for EMS systems are
set forth in Tabre A-1, Appendix A. Although present EMS devetop-
ment emphasizes the use of the UHF band, many rural systems
function efficiently on the VHF allocations. The basic channel
configuratj-on for vHF j-s single-frequency simplex. The frequency
assignments for the EIvIS function at VHF high bandr ds seen in
Table 8, do not differ significantly from system to system.

The frequency 155.340 tvtHz is generally dedicated to communi-
cation between amburance and hospitar personnel for directing
treatment of patients prior to arrj-val at a hospital or treatment
facility. This channel is for emergency med.ical care of the sick
or injured, and information exchanged on this channel should be
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Table 8. VHF Frequency Utilization
Frequency Usage

Local Out-of-Area
Type of

Communications

Ambulance 

-Hospital

Ambulance <+DisPatch
Ambulanc€ HAmbulance

Ho spital <-----{P Hospital
UCC <+MCC
MCC 

- 

Hospital

155.340 MHz 155.340 MH
Loca1 Dispatch* 155.280 MH

Local Dispatch* L55.280 MH

155.280 MHz
155.280 MHz
155.280 MHz

z
z
z

MCC - Medical Control Center

*Frequency to be selected by local authority

pertinent to the treatment of the patient. To prevent, interference
and frequency congestion during medical emergencies, this frequency

is not generally used for dispatching, paging t ot alerting.
The frequency I55.280 Wz is primarily for mutual aid and

coordination. The frequency may be utilized for dispatch purposes

only on a secondary non-interference basis. However, fOr. neW or
modified systems, a third frequency from Tab1e A-1 should be

selected for disPatching.

7.4. Medical Control Center

A medical control center is generally located in the EMS

area resource hospital with the size of the area EMS system

dictating the complexity and sophistication of the center. Most

emergency medical resources (i.e., hospital emergency roomsr EIIII-

bulance, etc.) are staffed by personnel who are not professional
communicators. These personnel view the communications system

as a tool for improving patient care and are not overly impressed

with the intricacies of the equipment. Of greater importance, is
a simple operational design which provides reliable communication.

Medical Control is usually assigned to a Resource hospital which

acts as the chief disciplinarian of medical communications for a

designated region. Dynamic EMS frequency allocation performed by

the Command and Control Center (see Section 6.0) personnel al1ows

greater design simplicity at the Medical Control Center. It
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also allows greater flexibility in shifting medical control from
one facility to another in the event of a disaster. Some medical
control centers may employ only a simple desk-top radio control
console, while large urban EMS area centers may employ multi-
control console systems.

7.4.L. Medical control radio system configurations

This subsection illustrates some of the more common EMS

system radio configurations utitizing the allocated VUf and UHF

emergency medical frequencies. Separate diagrams are developed
for the EMS command and control and medical control subsystems to
maximize clarity and purpose of each diagram.

Figure 46a shows an EMS subsystem utilizing VHF simplex
operation for the command and control portion of the system. An

arbitrary selection of 155.220 ltl\tz }iras been made for the dispatch-
ing of the mobile unit. Figure 46b depicts the,'other half', of
the system which pertains to medical controt.

In the UHF ranger EIS discussed earlier, EMS communication is
used in frequency pairs in either half- or futl-duplex modes or a

combination of both. Figure 47a illustrates the half-duplexed
command and control portion of the system while 47b shows its
medical contror counterpart. Note, in these drawings and from
the FCC Rules and Regulations, that base stations cannot transmit
on either 467 MHz or 468 MHz while the mobile units can utilize
any of the frequency pairs in the transmitting mode.

The above figures depict EMS communications in their simplest
form. Butr €rs the size, complexity, and needs of the systems
become more complexr so must the equipment requirements become
more complex. With the addition of duplexing equipment at both
the resource hospital and the command and control center, the
total system becomes fuII-duplex as seen in Figures 48a (command

and control section) and 48b (medical control section),
Figure 49a shows a system expansion for medical control

which includes a portable unit and utilizes the mobile unit as a
vehicular repeater. This confj-guration allows field personnel,
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Figure 46a. VHE command and control (simplex).
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Figure 48a. UHF command and control (fuII duplex).
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Figure 49b. UHF vehicular repeater with portable unit(fuIl-duplex two-way repeater) .
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who are not attendent at the mobile and cannot transmit directly
to the base station on their portable unit, to communicate (voice
and/or ECG) with the resource hospital via the vehicular repeater.
Note that the use of the vehicular repeater as shown in this
fi-gure changes the operation from duplex to simplex (push-to-
talk). Figure 49b shows a vehicular repeater with fuIl duplex
operation. For full duplex operation, four frequencies are
required. In this configuration, the base station transmits on

fl, which is then repeated on fZ to the portable unit. The

portable unit transmits on f3, which is repeated on fl to be

received by the base station. The justification for full duplex
in the repeater mode must be carefully analyzed at the IocaI
level prior to implementation.

Figure 50a depicts the medical control portion of a fu1I
duplex system which utilizes a UHF vehicular repeater in an ambu-

lance to extend the effective range of a portable unit. Although
repeaters have certain advantages in some applications, undesir-
able side effects can create major operational dissatj-sfaction
wlth system performance. The planner is cautioned to evaluate
other operational repeater systems and seek professional assist-
ance before proceeding with implementation plans. Figure 50b

depicts a remotely controlled fu1l duplex base station.

7 .5. Anci-I1ary EMS System Considerations

7.5.1. Coded squelch and tone coding
Coded audible and subaudible tones, sent prior to or during

transmission time, are used in radio systems to implement a num-

ber of functions which are not obtainable with voice alone.
Coded squelch, recal1, automatic mobile identification, radio
relay control, and remote transmitter keying are examples of tone
coding applications. Tone coding techniques often require optional
equipment not usually a part of an ordinary system. An encoder
is needed for transmission of the coded tones, and a decoder is
necessary in the receiver to interpret the coded tone properly.
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Some tone-coding schemes employ single tones which are sent
continuously with the regular voice transmissj-on, while some

schemes use two simultaneous tones with different frequencies.
In another variation, two sequential tones are sent, first one

and then the other. The first sequential tone has a short dura-
tion, usually a fraction of a second, whereas the second tone may

or may not continue throughout the voice transmission, depending
upon the specific application.

The number of tones employed in a system depends on the
number of codes, that is, distinct messages, required. The more

tones used, the more codes are possible.
One purpose of coded squelch is to eliminate nuisance j-nter-

ference caused by other users of the radio channel.
fnterference may be categorized as two types, either nuisance

or destructive. Nuisance interference is caused by undecired
signals on the same channel which are weak compared to the desired
signal. An undesired signal which is too weak to override a

desired signal may still be sufficiently strong to open the
receiverts carrier squelch in the absence of the desired signal.
It wilt then be heard by the operator, causing him annoyance and

distraction which will eventually produce fatigue.
Nuisance interference is eliminated through the use of coded

squelch. In this case, the desj-red signal contains one or more

coded tones in addition to the voice information. The receiver
is equipped with a decoder that responds only to the proper tone
coding. When a signal with the correct coding is detected, the
receiver squelch opens and the desired signal is heard by the
operator. However, the squclch cannot be opened by signals
without the correct coding. Therefore, messages not intended for
a particular operator are not heard and this distraction is
eliminated.

The second type of interference, destructive interference,
results from undesired signals on the same channel which are as

strong dSr or even more powerful than, the desired signal at the
receiver. The effect on the output of a receiver without coded

squelch is ej-ther severe garbling of the desired signal or total
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"capture'r of the receiver by the othef signal. fn the second
case, only the undesired signar is heard at the receiver output,
the desired signal being totally suppressed.

In a receiver with coded squelch, the output may also be
garbled in cases where the undesired signal has about the same

strength as the desired signal. However, if the undesired signal
is stronger, it usually captures the receiver, distorting and/or
suppressing the desired signal. rn this case, the squelch is not
opened since the other signal does not contain the proper tone
coding. Because the receiver is quiet, the operator may not know
that a message was sent; the message wirl not be received. This
situation can only be overcome if there is a central communication
control center keeping track of all communications so as to avoid
cochannel interference. Therefore, it is seen that coded squelch
does improve operation in the presence of nuisance interference
but not in the presence of destructive interference.

One common tone-coding method is a ,rcontinuous tone-cod.ed
squelch system" (CTCSS) depicted in Figure 51. This type of
system requires a receiver which is equipped with CTCSS to receive
a subaudible (unheard) tone before it presents any sound from the
speaker. When the proper tone is not presented to the receiver
by an on-frequency radio signalr rro voice emits from the speaker.
when the tone is present on the frequency, then the speaker turns
on and communication on that frequency will be heard.

IO FR UENCY

TONE X

RADIO FREQUENCY

NO TONE

Figure 51. Continuous tone-coded squelch.
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The term "subtone" is a generic shortening of subaudible
tone, hence, the often used term "subtone sguelchrr. Most manu-

facturers of communications equipment offer continuous tone-coded
squelch under one trade name or another and the planner should
not be uncomfortable when separate names are used to identify
this capability. Coded squelch, however, has both advantages and
disadvantages which should be carefully considered by the planner
before including it in a system.

Other uses of tone coding
Tone coding is used in a variety of ways j-n radio systems.

A few of these are briefly discussed below:
Selective CaIIing and Reca11: In a system with selective ca11ing,
the mobile and/or base station is equipped with tone-encoder
equipment capable of generating a number of different code com-

binations. The desired code is selected by a dial or touch-pad
as used on telephones, or push-button switches. Particular
receivers and mobile radios may be provided with unique decoders
corresponding to the selectable codes. The decoder allows only
the properly coded signal to be heard at the receiver output.
This system gives the base station the ability to call all units
simultaneously. Most selective call decoders also provide a

"recalIr' feature which alerts field personnel to a message when

they are outside of the vehicle. In the recall mode, the receipt
of a properly coded signal causes activation of a call-indicator
light, the horn, headlights, oE dome lights of the car to inform
the attendent that the base station has calIed.

Automatic Mobile Identification: Tone coding is used in some

radio systems to identify automatically the mobile unit which is
calling the base station. In such systems, each mobile radio
unit is equipped with a unique encoder which codes all transmis-
sions. The base station is provided with a decoder which deter-
mines the mobile unit from which the coded transmission origi-
nated. The decoder output is used to actuate some type of unit-
identification device, such as a message on a video display.
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Remote Transmitting Keying: Tone coding techniques are used for
remote control of base station transmitters. fn this way the
need for special and costly telephone lines for transmitter
keying from a remote dispatch point is eliminated. The ordinary
voice grade telephone line which carries the voice information to
the transmitter is used to carry the tone a1so. A simple encoder
at the dispatch point generates a tone when the push-to-ta1k
switch on the microphone is actuatcd. This then is sensed by a
decoder at the transmitter, causing the transmitter to be keyed
on.

Repeater Control: Tone coding may be used in systems with re-
peaters to insure that the repeater will be activated only by
transmissions from the desired system and not by signals from
other channel users.

Selective calling is the most common EMS application. This
allows a mobile or base station equipped with an encoder to call
a particular hospital or dispatch center equipped with the proper
decoder. Digital encoders are usually employedr &s seen in
Figure 52, because they are inexpensive and easy to operate.
Digital encoders look and operate like telephone sets and are
available in dial and touch-pad configurations. The typical
telephone dial type (1500 Hz interrupted tone) is not as efficj-ent
as the touch tone (dua1 tone multifrequency) because of the radio
time and interference created in dialing seven digit codes. The

dial configuration is also more prone to faising than the dual
tone multifrequency (DTMF) code.

RADI O
FREQUENCY

with
DIGITAL

CODE

Figure 52. Digital signaling.
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When the proper number is encoded, the decoder receiving the

signal will turn on the speaker. The decoder can be reget in a

number of different ways (i.e., timed absence of the carrier
frequency, replacing the handset in its cradle. . ' ) .

To prevent selecti-ve signaling devices from interfering with
other stations using the channel, the radio operator is required
to monitor the channel before transmitting the encoded signal-
An equipment feature usually disables the decoder circuit when

the handset or microphone is removed from the cradle or hook'

Many states have developed compatibility standards for EMS

selective signaling by specifying the encode type (1500 Hz inter-
rupted tone, DTMF, . . .), by encoding allocation and assignment

EMS region or area and by enforcing operational policy to mini-
mize interference.

Paging
Personal or group paging implies that the individual or

group being paged is not capable of replying. This is another

application of selective signaling. As noted earlier, many of
the FCC frequency allocations for paging are "base only", denying

the use of the frequency allocation to "mobile" unit operation.
The paging base station is generally operated in a simplex/

single-frequency mode with an appropriate encoder as illustrated
in Figure 53.

RADIO FREQUENCY

with DIGITAL CODE

PAGER

Figure 53. Paging base station.
The paging receiver is designed to be lightweight, rugged,

and to require very littIe current drain for squelched receiver
operation. When the base station "pages" a personal unit, the

particular code unsquelches the receiver and provides a short
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audio message and/or tone. The encoding design can provide
hundreds of code assignments which can be shared for group ca]-l
or assigned individually. The EMS planner should understand the
operational use of paging to design a more flexible EMS communi-
cation system.

7.5.2. Receiver votins
In EI{S radio systems, the base stationts design and. location

should provide coverage for a high percentage of the normal EMs
service area. However, the transmitter power capabilities of
portable and personal two-way radios are much less than those of
base stations and also less than those of vehicre radios. As a
result, the medical personnel in the field using a personal radio
might not be able to talk back to the hospital or dispatch base
station if the system were conventionally designed. This is
especially true when the field personnel are in a poor radio
signar area such as a buirding, alIey, rolling or mountainous
terrain.

An arrangement which provides more reliable communications
is one which employs severar ',saterrite, receivers for each
channel situated at scattered locations throughout the coverage
area. The satellite receiver arrangement decreases the distance
from the hand carried unit to the nearest receiver and thus
compensates for the lower available transmitter power and also
for operation in poor signar areas. Radio links or wirerines
are usually employed to convey the receiver audio output to its
proper destination, the base station or a mobire repeater.

It is highly probable that several satellite receivers can
pick up the same transmission. When this occurs, several audio
output signars are produced and appear at the base station or
repeater unit. rn generar, the audio output signals of the
different receivers vary in signal-to-noise ratio, amount of
distortion, and thus, overall quality. rf the several audio
signals were simply added to produce a combined output, the
resulting signal would generally be poor in quality and sometimes
unintelligible. Rather than combine the signals, a better method
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is to select the one signal with the highest quality. This
selection process is called "voting'r, and the unit which performs

the voting operatiOn is calIed a 'rselector'r or a I'comparator". A

block diagram of a radio system which employs receiver voting is
shown in Figure 54. Transmitter voting is also employed in
certain systems where a single base station does not provide
adequate radio coverage. However, plans to employ voting systems

should be subjected to extensive d.esign/engineering scrutiny
before a final course of action is decided upon.

Rodio Links
or

Wire Lines

EMS COMMAND ond CONTROL CENTER
ol

MEDICAL CONTROL CENTER

Figure 54. Satellite receiver voting system.

7. 5. 3. Scanning receivers
A scanning receiver provides the caPability of monitoring

several channels automaticalty with a single unit. To illustra-
tion of a two-channel scanning receiver. Assuming initially that
transmissions are absent on both channels, the receiver samples

each channel sequentially, waiting for a signal to appear. As
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soon as a signar is detected on a channel, sdy channer 1, the
receiver r'locks on'r to that channel and stops scanning. Channel
1 is then held for as long as the signal remains, even though a
signal may appear on Channel 2.

When the signal on Channel 1 ends, the channel is released
and Channel 2 is sampled. If a signal is detected, Channel 2 is
held for the duration of the signal; otherwise, the scanning of
the channels occurring in some preselected sequential order which
may be determined by the operator.

An optional feature on some scanning receivers is scanning
with p::iority. This feature is useful where it is desirabre to
give one channel precedence over the others when signals appear
simultaneously on the "priority" channel and another one. rf the
receiver is already locked onto the priority channel (as the
result of a signal) and a second signal appears on another chan-
nel, no change occurs and the first signal is still heard at the
receiver output. However, if a "non-priority,, channel is being
hel-d (as a result of a signal) and a second signal then appears
on the priority channel, the non-priority channel j-s released and
the priority channeL held. For the case where no signar is
detected on a sampled channel, the scannj-ng of the remaining
channels proceeds in preselected sequential order as in the case
of scanning' receivers without the priority feature.

Scanning receivers with multichannel capabilities usually
have switches on the front panel to include or delete channels
from the scanning process. Thus one, severalr or all of the
channels may be monitored, allowing operational flexibility for
different situations.

Scanning receivers are used in both base stations and ve-
hicles where it is desirable to monitor several channels auto-
matically without having a separate receiver for each channel.
Some vehicl-e two-way radios also offer scanning, with or without
priorityr &s an optional feature for the receiver section.
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7.5.4. Radio telephone patchinq
Phone patch permits a telephone Iine to be selected for

patching to a radio channel, allowing a mobile unit to communi-

cate directly with a telephone calIer. The caller may then

transmit and receive directly over the radio channel without
operator assistance. This feature aIlows medical personnel to
provide medical control and direction to field personnel from

their offices, homes t ot other locations which have a public
telephone. In Lhe past, many phone patch systems utilized the

voice operated relay (vox) to interconnect the telephone and

radio circuits. Recent changes in national telecommunication
policy and technological advances in switchinq hardware have

expanded the scope, transmission quality and operational ease of
radio telephone patching or interconnect. This more sophisti-
cated method of interfacing land mobile radio and the switched

public telephone system employs a radio-telephone switch. This

configuration allows ambulance attendants to encode their mobile

radios with an assigned code and gain access to the switched

public telephone network. After receipt of a dial tone, the

ambulance attendant can encode a standard telephone number or

access a radio base station to contact and coordinate with the

Command and Control Center, Medical Control Center and other

appropriate medical providers. The EMS planner should be aware

that certain switching configurations can undercut the common

system approach in bypassing the communication control function;
therefore, a clear understanding of the switching function must

be carefully reviewed to determine the impact and implication on

EMS system control.

7.5.5. TelePhone telephone pa tching
Telephone-telephone patching is accomplished in the same way

that an operator on a typical telephone switchboard connects a

calling party with a called party by plugging in appropriate
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cables ("patchcords") or by using other more sophisticated tele-
phone switching equipment. Such patching might be used when a
dispatcher desires to connect a physician at home with a caller
on an emergency department hot line.

7.5.6. Radio radio patching
This is used when it is desirable to place two radio units

in contact that are operating on different frequencies; e.g. r dn
ambulance radio transmitting and receiving in the UHF band and a

police cruiser using the VHF band. Again, this can be accom-
plished with special equipment at a central dispatching point
where transmissions from both vehicles are being received. rn
this case, the dispatching center serves as a two-way repeater
station between the vehi-cIes.

8. CONCLUSIONS

Although many of the technical intricacies of telecommuni-
cations have not been addressed in this document, the EMS planner
should now be able to converse with the user community, consul-
tants, suppliers and the technical community with the background
and basic understanding of the totar involvement of Emergency
Medical services. As stated previousry, the ideas and concepts
within this report have been drawn from a wide range of material
and expertise in hopes that the non-technical EMS system planner
will be able to take the task of building or upgrading a viable
EMS system and to carry that task through to completion.

The planner should not try to utilize this document alone.
He or she should feel a need to draw upon many reports, papers
and other reference materials in order to develop an EIr{S system
which will meet the needs of the community.

Many pitfalls await the planner. He or she should base the
proposed system on the requirements of the community and not on
the gadgetry of the industry. rntelligent planning and coordi-
nation by the various personnel and committees at the start of
the program will pay high dividends during the approval and
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implementation stages. Failure to confront and resolve impor

tant, even if unpleasant, conflicts early in the planning process 

may delay or even condemn the entire program. Again, the planner 

should encourage a flexible system design which will meet not 

only present needs, but be economically and operationally expand

able for the needs of the future. 
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APPENDIX A. FCC LICENSING AND RULES AND REGULATIONS

A.1. FCC Licensing and Frequency Coordination

The statutory authority that governs communication and

provides the basis for the management of electromagnetic frequen-
cies is the Commulications Act of 1934, which established the FCC

and detineated its primary functions. ft is printed in Title 47

of the U.S. Code, beginning with Section 151. Revised pamphlet

copies may be obtained from the Superintendent of Documents, U.S.

Government Printing Office, Washington, DC 20402.

The FCC is the governmental agency concerned with the admini-
stration of rules and regulations governing the operation of
radio stations, including those in use for EMS activities. Its
rules and regulations govern many areas of radio usage (ca11ed

"services" by the FCC). Of primary concern to the EMS communi-

cation systems planner is the "Special Emergency Radio Service"
Section 89, Subpart P, Rules and Regulations Governing Emergency

Medical Services Radio Communication of the Federal Communication

Commission. Also of interest in the overall "Public Safety Radio

Service" which provides for the use of radio communication sys-
tems by local government,al public safety entities.

The FCC must allocate frequencies among commercial broadcast
uses and non-broadcast services, such as EMS radio. The Commis-

sionrs prime resource, the radio spectrum, is not available
without prior restrj-ctions, since the Eederal Government claims
large portions of spectrum space for military and other oper-
at,ional uses. The Interagency Radio Advisory Committee (IRAC)

under the National Telecommunications and Information Admini-
stration performs functions similar to the FCCrs, but only for
Federal agencies. Further }imiting effects are the many inter-
national treaties which apportion spectrum Space world-wide.

Ivlany of the problems which beset system planners are attrib-
utable to the lack of usable frequencies. Competition for fre-
quencies in some areas is intense, not only between broadcast and

non-broadcast users but, for example, between public-safety and
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business and industrial radio users, The Special Emergency Radio
Service is only one part of the land-fnobj-Ie group. The most
recent FCC action to make additional freguency allocations for
all land-mobile radio services was the granting of freguencies
between 470 l(Hz and 5L2 MHz on a shared basis with UHF. TV Chan-
nels L4-20 in the ten largest U,S. metropolitan areas, through
approval of F'CC Docket 18261. AIso made available to land-mobile
radio were the frequencj-es between 806 MHz and 960 MHz, through
approval of FCC Docket 18262.

The FCC has established certain basic technical requirements
and specifications for radio equipment characteristics. The

basis for most of these characteristics is the need for provisions
to reduce or eliminate harmful interference and to conserve the
use of the radio frequency spectrum as much as possible. When

entering dj-scussions with radio equipment manufacturers, the
system planner must have a general knowledge of certain basic
provj-sions of FCC regulations that deal with such factors as
frequency stabj-Iity, type of emissionr pow€r leveIs, and accept-
able equipment. The full provisions are set forth in Part 89 of
Volume V of the FCC Rules and Regulations. A copy of these pro-
visions may also be obtained from the Superj-ntendent of Documents,
U. S. Government Prj-nting Of f ice.

In the interest of reducing or eliminating harmful interfer-
ence, the FCC has established certain operating ru1es. These
rules are basic to any statj-on operation. Supervisory functions
should ensure that these rules are constantly observed. Violations
of these rules could result in viol-ation notices from the FCC and
possible suspension of service. The basic operating rules are as
follows:

o Alt communj-cations, regardless of their naturer dre
restricted to a minimum practical transmission time.

o Contj-nuous radiation of an unrnodulated carrier is pro-
hibited except when required for test purposes.

o The F'CC expects each licensee to take reasonable pre-
cautions to prevent unnecessary interference. If
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harmful interference does result, the FCC may require
any or all stations to monitor the transmitting fre-
quency before transmission.

Tests may be conducted by any licensed station as

required for proper station and system maintenance, but
such tests are to be kept to the minimum. Precautions
are to be taken to avoid interference to other stations.

The responsibility for actual determination of how many and
which frequencies shall be assigned to an EMS agency rests with
the Federal Communications Commission. It is, however, assisted
in thls task by the voluntary Associated Public-Safety Communi-
cations Officers (APCO) Frequency Advisory Committees. These
ommittees can perform a frequency coordination advisory function
which can be quite helpful to the El"lS system planner. Frequency
coordination is the process of selectingf and recommending to the
applicant and the FCC one or more radio frequencies for use by
the applj-cant, which will cause the least amount of interference
to other radio users, te the applicant himself, and yet provj-de
serviceable channels.

Thus, the function of these committees is essentially to
minimize the likelihood of harmful interference being caused to
other systems by the operation of a proposed system. An appli-
cation may require the committee to perform extensive research in
determining matters such as physical separation, propagation
paths and the existence of other systems licensed on adjacent
channels but in another service (usualIy loca1 government). If
the application is favorably commented upon by the Frequency
Advisory Committee, the statement of the committee accompanies
the application to the FCC, where it is processed.

Obtaining a letter of clearance from a Frequency Advisory
Committee is generally considered the most satisfactory method
for processing the application. If a dispute arises or other
considerations merit the actionr €rn application may be forwarded
to the FCC without. a clearance letter. However, it must then be
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accompanied by a statement that all licensees within 120 km

(75 mi) and operating within 30 kHz of the proposed system haVe

been notified of the intended operation, and by a reportr based

on a field study, of the likelihood of i.nterference, Section
89.15 (c) of the F'CC Rules and Regulations limits the authority of
the Frequency Advisory Committees. It points out:

The functions of Frequency Advisory Committees are
purely advisory in character, their comments are not binding
upon either the applicant or the Commission, and must not
contain statements which would imply that. . . (they) have

any authority to grant or deny applications.

These committees can help in coordinating license applica-
tions and potential interference problems and should be, at
1east, contacted. In addition to the Erequency Advj-sory Commit-

tee one of the features of the new medical communication services,
is the FCC requi rement for coordination of radio frequency assign-
ments among the users in a given area that replaces the previous
requirement of cooperation. To share efficiently and effectively
the EMS frequencies requires coordination of activities between

all of the EMS agencies operating in a given area. As a result
of this coordinationr Ern area-wide EMS operational plan is written
and agreed upon by all participating agencies. This coordination
applies to the standardization of emergency medical vehicle
equipment, standards for hospital emergency departments, disaster
planning and the kinds and uses of communications.

The FCC will assist in the coordination of radio communica-

tion operations for the EMS systems. A provision of Docket 19880

states that any communication plans which are voluntarily sub-
mitted to the Commission for EMS systems will be made available
for public inspection at the FCC Headquarters in Washington, DC,

or Park Ridge, IL. The value of having these plans in the files
of the FCC is that applicants for a station license in areas that
have filed a plan can be so advised. This will help the applicants
insure that their proposed communications operation will be

compatible with an existing pJ-an.
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A.2. FCC Rules
EnergencY

and Regulations for Special
Radio Service

There are many configurations of base stations, mobiles and

portable equipment which may be used to provide the required
medical control communications channels for proper medical suPer-

vision of EMT personnel at the energency site and during trans-
portation to a receiving hospital. The following is not intended
as a recornmendation for syst,em design but rather as a discussion
of some possible alternatiVes. The actual system design for a

specific region should be performed or reviewed by a qualified
consultant who is capable of selecting the optimum confj-guration
and equipment design which is most appropriate for the needs of
that specific region.

Prior to discussing specific UHF and VHF Medical Control
configurations, the planner must have a sufficient understanding
of the specific FCC Rules and Regulations.

One recent FCC Docket that affects the EMS communications
fiel-d is Docket No. 19880, entitled Medical Communications Ser-
vices. In sunmary, this Docket states that new rules provide for
the establishment of a medical services category in the Special
Emergency Radio Service. This category authorizes the licensing
and operation of medical radio communication systems for the
delivery of medical care to the public. Hospitals, ambulance

companies, and physj-cians are eligible to apply under this cate-
goryr 6rs well as public health organizations, nursing homes,

institutions and organizations which regularly provide medical
services.

The additional frequencies allocated are primarily in the
ultra High Frequency (uHF) band. The FCc emphasizes the flexi-
bility of the types of communication now allowed on these fre-
quencies by identifying the primary and secondary uses permitted
to meet different requirements in specific areas, Allocations
are made in paired frequencies for duplex operation. Two fre-
quency pairs are allocated for dispatch and common callingr or
mutual aid communications; five frequency pairs are available
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primarily for general rnedical requiregents 4ndr secondarily, for
telemetry and other medical or medically related com4unications;
and four frequencies for extended portable operations in telem-
etry systems. These latter four frequencies are shared with the
highway call-box system. The present Very fiigh Frequency (Vrif l
allocations are retained and are augmented by three additional
frequencies to be used for one-way medical paging sysLems. Two

frequencies in the VHF band are also available for Iow-power
extended portable radio operations.

I,lobile relay operations are authorized in the UHF band, and
are presently precluded in the VHF Special Emergency Radio Service
category, except as required to crossband UHF and VHF medical
communications systems.

It must be emphasized that the newly allocated UHF frequencies
which are to be used in the medical services are shared by all of
the licensees in an operating area. It is the expectation of the
FCC that efficient and effective use of these new frequencies in
the UHF band will be achieved by cooperation among the users in
the development of a common communication system having a central
dispatch and control center for the coordinatj.on of all EMS

operations under area-wide communications plans. The common

communication syst.em approach for all of the area users promotes
fu1I capacity operations and is emphasized and encouraged in the
new rules.

Changes effected in Docket 19880 replace the previous frag-
mented structure for medical communications with a more unified
and comprehensive medical radio service category. The FCC does
not contemprate that licensees of present EMS communication
syst,ems operatj-ng in the VHF band will be requj-red to change the
radio frequencj-es they are now using. rt is belj-eved, however,
that the advantages of being part of an area-wide consolidated
communication system will encourage the change.

Most of the present EIvIS fadio communications are in the VHE

band and will continue to be for some time. Itlany of these systems

/
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are providing satisfactory seryice for the agencies they are

serving. Others may desire to take advantage of the changes in
the FCC rules and regulations, but need to amortize their invest-
ment j-n the present system before procuring new communication
equipment. Recognizing that this status will remain for a con-
siderable period of time, the FCC has adopted a number of rule
changes to improve the EMS communication capability of those
operating in the VHF band.

Table A-1 is a compilation and brief description of the
basic frequencies allocated for emergency medical service. In
some cases, variance from these basic uses may be allowed by the
FCC. The planner must read and understand Vo1ume 5, Part 90.

Jan. 2, 7979 Subpart C, Special Emergency Radio Service to
insure compliance with the latest FCC Rules and Regulations. Any

revisions or updates should be obtained by the planner. A thorough
understanding of the Rules and Regulations may al1ow the planner
to take advantage of rule changes which have recently provided
far greater EMS operational flexibility.

To encourage maximum, efficient ulitization of the new UHF

allocation, the FCC imposed certain equipment requirements. The

intent of these requirements was to increase flexibility in
system design and operation. The Rules and Regulations require
that:

o 90.53(b) (15) (ii) . mobile or portable stations must

employ equipment which is both wired and equipped to
transmit/recelve, respectivelyr oD each of these eight
frequency pairs with transmitters operated on the
468 MHz frequencies.

o 90.53 (b) (15) (iii) base or control statj-ons must

employ equipment which is both wired and equipped to
transmit,/receive, respectively, on at least four (three,
if biomedical telemetry operation is not employed in
the system) of these eight pairs.
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Table A-1. FCC Rules and Regulations Summary

UHF Frequencies (MHz)

l. Commend Control rnd Dispetch: (Also available rbr inrras).slcn.
and in!ersystem mutual assistance).

3. Mobiles must employ equipment which is both wired and equipped
to transmit and receive on each of the eight MED channels.

4. Portables with no more than 2.5 W outpul are not required to be
wired and equipped for op€ration on all eight MED channels.

5. The rCC and DHEW require that an EMS urr be licenrcd in accord-
ance with a State, Regional or Area plan for coordinating communi-
cations.

6. No paging is allowed in UHF

HB frequencies (MHz)

31.94
37.98
45.92
45.96
45.00
46.U
47.42

47.46
47.50
41.54
47.58
47.62
47.66

II. ONE WAY PACING
BASE ONLY
35.64...
35.58. . .

43.64
46.68

2000 to 3000 bHz
2726 bHt
3201 kHz
72.00 to 76.00 mHz
952 MHz & above

.Sharcd with

.Shared with
mainlenane
maintenance

highway
highway

Basc and
Mobile
462.950
462.9't5

ll. Doctor Telk rnd Telemetry:

Mobile Only
467.950
467 .97 5

.Only for national oryanizations estab-
lished for disaster rclief

. Limited $otraphically

.(Ref. FCC Note l3)

a. Bare and Mobile
463.000
463.025
463.050
463.075
453. I 00
463.t25
463. I 50
463. I 75

Mobile Only
468.000
468.025
468.050
46E.075
468. r 00
468. r 25
458. l 50
468. l 75

Channel Name
MED One
MED Two
MED Three
MED ljour
MID Five
MED Six
MED Seven
MED Eishr

Primary Use * I
Telemetry
Telemelry
Telemetry
Doctor Talk
Doctor Talk
Dodor Talk
Doctor Talk
Doctor Talk

I. Bese.nd
Mobile
1 55.1 60
155.t75
I 55.205
t55.220
I55.2 35
I 55.255
I 55.280
r 55.295
I 55.340

Ref. I.CC Notes
l6
l5
l6

t6
l6

Comments

.May be de$gnated by common con*nt
as an intcrsyslcm mutual assistance fie-
quency under and area will plan.
Hospitals and ambulances which submit
a showing that they render coordination
and cooperation with hospitals are
authorized on this frequency.

Comments
.Shared with highway maintenance

.Shared with highua)' maintenance

.Shared with highs a,' maintenance

H
u,s

.l NoT[

*2 NOTI:

On a rcondary, noninterttring basis all eight medical
channels may be utilized for any other permissible conr-
munications consislenl with FCC Rules and Regulations
lor the Medical Communication Service.

lior erample:

Aurhorized urers may ur these liequencies lbr admini-
stration of organizations and lacilities engaged in medi
cal srvices operitions.

Mobile Only *2
458.025
45 8.075
458.t 25
4S,i.l 7 5

Only available lbr r€transmission ol tclemclr) or r(ricc
liom a portable lma\imum power out ol I \l I throuslt a
vehicular repeater to a mcdical lacility.

ll. One Way Peging

Base Only
r52.0075
r 63.250
157.450 . .Power output limited to 30 W

lll. Through Vehicul.r Repeater (Mobile will transmit on a regular
mobile tiequency-Ref. IiCC Note l4)

Mobile Onll'
150.775 . .Power output limited to 2.5 W fiom
I 50.790 portable

LB Irrequencies (MHz)
Besc rnd
Mobilc
33.02.
I 3.{)4
31.06.
13.08
33.10.
37.90.

.Shared with highway maintenance

Notes on
HB Frequencics

(15) Any application for usc ofthis frequcncy shdl bc accompani(d by
a signed statcment that all licensc€s in othcr mdio scrvias yho
opcrate on a frequency 15 kHz rcmovcd and are located 15 to
35 mi from the propos.d base station have bccn norified of thc
applicant's inlent to filc, togeth€r with an acceptablc cnginering
report indicating that harmful intcrtircncr to thc operation of
existint slations will not be caused. In no instancc will an applica-
tion be granted where the distance between th€ proposcd station
and the existing base station is les than l0 mi.

Othcr Frequencies

I 55.325
I 55.355
I 55.385
155.400

t5
l6
l6

16, l7

Fixed
BasclMobile
Bas/Mobilc
Opcrational Fixed

Rcf. FCC Notc 9
Sharcd with Statc Gurd

Rcf. FCC Notc 3
.Ref. FCC Rulc

Paragraph 89.101

Notes on
UHI I requcncres

l. Concerning all ol these lrequencies, no lrcquenc) coordinali,rn ir
required since the user groups are obligated to opcrttc on J nonln-
terferrnce basis.

2. The base and control stations must emplol'equipnrent which is both
wired and equipped to transmil rnd receive on at lcast lour ol th(\c
eight Ml:D channels if biomedical lelcmclry operaiion is cnrpkrlcd
or three ior Doctor Tulk only. Ther channels ma1 bc in ont bure
station or splir up in any combination ot bur stations rr long ur rll
ol lhe rcquired channels are us.,d.

This Table taken from IEEE
Transactions on Vehicular
Technology, November 1976.
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o 90.53(b) (15) (iv) Mu}ti-channel equipment requirements

for use of these frequency pairs are intended to afford
capability for alternating use of the individual frequen-

cies, and ability to conduct simultaneous operations is
not required. These requirements may be met in a

single equipment unit or in combination of equipment

units sui-table to a licensee's operations. The multi-
channel requirements may be satisfied by several single-
channel base stations in a mobile relay system provided

that each control station can access aIl- of the base

stations and that any mobil-e unit located anywhere in
area of coverage can activate each of the base frequen-
cies involved.

As originally conceived, the UHF frequencies for EI{S were to
be assigned in a block to each licensee and shared between aII
EMS systems. Under these provisions, mobile EMS units (amk'u-

lances) would have the capability to cornmunicate with any other

EMS station regardless of where the vehicle was located or who

the licensee was. If one channel was being used, all that would

be needed to obtain the necessary clear channel would be to
switch to one of the other frequencies. To enforce the common

system concept of operations in the UHF spectrum, the FCC, in
Docket 19880, originallY ProPosed:

"Licensees operating on the paired 463/468 MHz frequencies

in this block must utilize equipment that is type-accepted

for eight channel capacity, L.e., capability for all respec-

tive transnrit or receive frequencies in either the 463 or

468 MHz band. "

The implication of this equipment capability requirement was that
any ambulance would be able to communicate with any station (base

station or hospital) in the EMS system on any of the eight MED

from any location covered by the UHF common system.
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Based upon appeals froin equipnent manufacturersr when the
rules implementing Docket 19880 were first published, the ggg
imposed requirenents that mobile and portable station (arnbulance)
equipment be able to transmit/receive on each of eight medical
pairs and for base and control stations to be able to transmit/
receive on at least four (three, if biomedical teremetry is not
employed in the system) of the medical frequency pairs. This
relaxation of the equiprnent capability requj-rement for base and
control stations has been interpreted as an authorization for the
creation of EMS communj-cations systems having no more than three
or four channer capability in any particular area of an EMS

region or throughout a particular EMS region. The FCC has
licensed UHF Elvls communications systems embodying only four MED
channels. These limitations cause compatibility probJ-ems when
attempts are made to plan for UHF communications in adjacent EMS

regions. Avoidance of interference in the base station communi-
cations of adjacent EMS regions using this ,'split system', approach
can become very complicated. rn addition, the split system
approach may require that an ambulance proceeding from one four-
channel coverage area to an area covered by four different chan-
nels, change communications channels in mid run. The planner must
understand the implications of this policy and how it impacts the
local EMS system.

I
/

I
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APPENDIX B. DATA GATHERING FORMS

This Appendix incorporates several forms designed to compile

telephone and radio usage data. The included forms are examples

onIy, and the planner is encouraged to modify these or other

forms to suit the data-gathering needs of the local program.

Form B-I. CaIl
Item * Description

Handling, Systems, Procedures and Policies

3

4

5

7

I , 2

6

8, 9, I0
11, L2

The "name of the agency" is that of the agency
providing the communication service. It is not-restricted to public safety agencies and can
include multi-lgency and,/or murti-jurisdictionar
communication centers, joint switchboards , oE
other entities providing communications service
for public safely and private agencies that provide
emergency services to the Public.
The names, addresses and hours of call answering
and./or dispatch services provided to other agencies.

The address of the telephone answering locations
if it differs from ltem 2.

The telephone number (s) of all agencies completing
this form.
This item can be answered with the assistance of
the telephone company representative (if neces-
sary), Wfrat is needed is a description of the
typ6 of answering and call handling equipment--
sucr, as a key set with the number of buttons and
model number, a cord board with similar data, oE
other answering system--that is used j-n each com-
munication center.
SeIf explanatory.
These items request descriptions of systems in
which the telephone call initiates an action other
than a direct response to the call by the agency'
Radio alert systems key pocket receivers carried
by volunteers. A 91I center will have to be able
to aiaf the number, ot to radio-encode those
receivers uPon receipt of an emergency call'
Similar1y, it the current system rings a bell or
activates an alarm upon dialing an emergency
number, the 911 center will also have to be able
to dial, ox to radio-encode, that number'

This item requests information on whether the
system is one stage (calI answering and dispatch-
ing are performed by the same person) or two
stages (caII answering and dispatching are per-
formed by two people).
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L4

15

76, L7 , 18

This iten requests information on
eguipment used to record incomj-ng
information on an analog magnetj.c
desired, even if calls are logged
information should be proyided,
SeIf explanatory
These items are used to provide an initial basis
for determining the types of cal1s or events to be
handled by the 911 centers.

the type of
caIIs. Although
tape system is
by hand, that
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Form B-1. CALL-HANDLING, SYSTEMS, PROCEDURES, AND POLICIES

1 Name of Agency

2. Location of Agency (address)

3 Names and Locations of Served Agencies

Name of Agency Location of AgencY Hours of
Provided Service

Number Street City County From To

4 Location of Phone Answering (address)

5. Emergency Phone Number (s)

6. Administrative Phone Number (s)

7. Type of Telephone Answering Equipment

B. Number and Type of Incoming Lines

9. Manned Answering Positions per Shift: Day

Afternoon

Midnight
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Form B-1 (Continued)

10.

11. fs Communication System a Radio Alert Type?
describe below

72. Is Communication System an Alarm Type?
below

If yes,

If yes, describe

Tie Lines to Other Agencies

\Io. of
Lines

Connected Agency Address of Aqencies
Number Street City County

13. Number of Communications Stages? One Two Three

14. Type of CaIl Recording Equipment

15. Emergency Power System and additj-onal capacity (if any)

16. List
Hish

Types of and Codes of CaIIs and/or Events Handled as
Priority or Emergency

{
I

I(

I
I

I
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Form B-1 (Continued)

L-l. Do these cal1s correspond to those you want handled by 911?

Yes No

18. If DO, describe additions to or deletions to the list
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Item #

Form B-2. Telephone Tal1y Instructions

Description

I

2

3

4.

5

6.

CITY--Enter the name of the city
ffiv is conducted.
DATE--Enter the date on which the
tlirctea.

in which the

talJ-y is con-

POSITION--EnIer the assigned position number at
wElE-Ee tally sheet is being utilized. For
example, lf there are two positions at which tele-
phone calls are processed, each must be provided
with a taIly sheet and assigned a position number.
The POSITION entry for the first positj-on would
then bettl OF 2r" and the entry for the second
position would be r'2 OF 2."
SHIFT--Enter the eight-hour time span representing
ffi sfri-tt over which the tally j-s conducted.
TRUNK--Incoming and outgoing calls must be tallied
acEording to the-Qpe of trunk (Iine) on which they
are processed. As a result, space for five cate-
gories of trunks has been provided. The following
trunk types are representative of the categories
which have been utilized in the past:
o Emergency--A trunk or set of trunks on which

calls are dialed directly using the special
emergency number listed in the telephone
directory.

o PBX Transfer--A trunk or set of trunks on which
calls initially screened by a PBX Operator are
then transferred to the dispatch center.

o Direct Line--A trunk or set of trunks which
consist of special direct Ij-nes,

o Other--Any trunk that cannot be classified
into one of the types previously described.

Careful consideration should be given to the identi-
fication of trunk types since the resulting data may
be of value to other types of analyses, as well as
the traffic study.

MQSSAGE TYPE--CaI1s on a particular
mffiE-ffiEher class i f ied according
message. The four telephone nessage

Dispatch--A call that results in
of a unit.
Multiple caII--A call pertaining
which has already been reported.

o

o

set of trunks
to type of
types are:
the dispatch
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7.

o Administrative--A caII pertaining to the
administrative business of the department.

o Other--f,ny call that cannot be classified into
one of the types previously described,

HOURLY TALLIES--This portion of the sheet is used
@one calrs actually processed in the
dispatch center. However, before beginning the
talIy, the appropriate hour time-interval must be
entered in each of the eight column headings under
HOURLY TAILIES (e.g., 8-9, 9-10, etc.). Once this
has been completed, the tally may be conducted.
As each telephone call is processed, it must first
be categorized according to type of trunk, then
according to type of message, and finally, accord-
tng to hour of the shift (day), As a result of
this procedure, a specific box will be located in
which to repord the taI1y. Each call is tallied
by entering a small vertical tick mark. Typical
examples are:

, =1 Tlll= s

ll = z **ll = 6.

The tally should be conducted for a period of from
2L to 28 days to ensure that the collected data are
representative of the actual teJ-ephone traffic
loading.
Take great care in tallying each call because the
accuracy of the communications study is primarily
dependent upon the accuracy with which the tallies
are made. An accurate tally will result in an
improved system which is more responsive to the
needs of dispatch personnel.
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CitylCounty: TELEPHONE TALLY SHEET DATE:
POSITION: OF SHIFT:

TRUNK MESSAGE TYPE HOURLY TALLIES

-{H

DISPATCH

MULTIPLE CALL
ADMINISTRATIVE

OTHER

N
H

DISPATCH

MULTIPLE CALL
ADMINISTRATIVE

OTHER

a.)
H

DISPATCH

MULTIPLE CALL
ADMINISTRATIVE

OTHER

r$
H

DISPATCH

MULTIPLE CALL
ADMINISTRATIVE

OTHER

LO

H

DISPATCH

MULTIPLE CALL
ADMINISTRATIVE

OTHER



Form B-3. Radio Tally Instructions

DescriptionItem #

I

2.

3.

CITY--Enter the name of the city in which the tally
Fconducted.
DATE--Enter the date on which the ta11-y is con-
ducted.
POSITION--EnIer the assigned position number at
ffi:me talIy sheet is being utilized. For
example, if there are two positions at which radio
calls are processed, each must be provided with
a tally sheet and assigned a position number.
The POSITION entry for the first position would
then be "1 OF 2," and the entry for the second
position would be r'2 OF 2."
SHIFT--Enter the eight-hour time span representing
ffirritt over whicl the tally is conducted. i

FREQUENCY--Radio messages must be tal-lied according
ffie EFequency (channel) on which they are
processed. Space is provided to record up to four
frequencies (i.e,, Fl, I.2, F3 and F4) . However, Lf
any or all frequencies have been given a specific
name, this name must also be entered in the
FREQUENCY column.
MESSAGE TYPE--Messages on a particular frequency
mGt6Effiher classif j-ed according to type.
The five radio message tYPes are:
o Dispatch--A message that directs a unit or

units to respond to a particular incident-
o Status Change--A message that changes the

status of a mobile unit.
o Coordination--A message that is generated by

field personnel requesting information or
action (e.g., police support, fire support, etc.).

o Repeat--A message that cannot be understood
as transmitted, and which, therefore, requires
the individual receiving the message to ask
that the sender repeat it.

o Other--Any message that cannot be classified
into ane af the tyPes previously described.

It is important to note that a message, as defined
for the traffic taIIy, consists of, the two-way
conversation, between a dispatcher and a unit Io-
cated in the field, regarding one subject (message
type). For example, a unit in the field may first
request information. At some later time, the

6

4

5
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dispatcher would then relay the required infor-
mation back to the unit. Eyen though thege wag
a time lag between these two conversations, they
must be counted qs only one message.
HOURTY TAI.,LIES --ThiS portion of, the sheet is used
to tally radio messages actually processed in the
dispatch center. However, before beginning the
taIly, the appropriate hour time-interval must be
entered in each of the eight column headings under
HOURLY TALLfES (e.g., 8-9, 9-10, etc.). Once this
has been completed, the tallies may be conducted.
As each radio message is processed, it must be
categorized according to frequency, then according
to type of message, and f inal-i-y, according to
hour of the shift (day). As a result of this
procedure, a speci.fic box will be located in which
to record the talIy. Each call is tallied by
entering a small vertical tick mark as on Form B-2.
The tally should be conducted for a period of from
2L to 28 days to ensure that the collected data
are representative of the actual radio traffic
loading.
Take great care in tallying each radio message
because the accuracy of the communications study
is primarily dependent upon the accuracy with which
tallies are made. An accurate tal1y will result in
an improved system which j-s more responsive to the
needs of dispatch personnel.
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Form B-4. Ranking of Alternatives

The use of this is explained in Section 6.4.6.

Benefit Measures Alternative Number

1 2 3 4 5 6 7 8 9

Installation Costs

Facility Costs

Personnel Costs

Monthly Telephone Costs

Costs to Telephone Companies

Boundary Match

Calls Using Direct Dispatch

Match to Current Agreements

Central Office Capabilities
Reliability of Power

Personnel Utilization

Agency Desires

Jurisdiction Desires

Public Benefit

System Management

Total Initial Costs

Total Recurring Costs

Average Benefit Rankinq
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ACD:

ALS:

ALERT:

ALI:
AM:

ANI:
APB:

APCO:

ASCII:
ASTRA:

APPENDIX C. ACRONYMS

Alternating Current
Automatic Call Distributor
Advanced Life Support oi: Advanced Life Support Services
Automated Law Enforcement Response Team

Automatic Location Identification
Amplitude Modulation
Automatic Number Identification
All Points Bulletin
Associated Pub1ic Safety Communications Officers
American Standard Code for Information Interchange
Automated Statewide Telecommunications and Records Access

Bits Per Second

Binary Synchronous Communications

Citizens Band

Computerized Criminal History
Common Control Switching Arrangement
Closed-Circuit Television
Coronary Care Unit or Critical Care Unit
Cooperative Dispatch Center
Channel Guard

Callinq Number Identification and Location
Central Office
Customer Owned and Maintained
Coronary Observation Radio
Criminal Justice Information System

Continuous Tone Controlled Squelch System

Decibel
Decibel referenced to one milliwatt
Decibels relative to one watt
Direct Current
Division of Computer Services
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BSC:

CB:

CCH:

CCSA:

CCTV:

CCU:

CDC:

CG:

CNIL:
CO:

COAM:

COR:

CJIS:
CTCSS:

dB:

dBm:

dBW:

dc:
DCS:



EACOM:

EAS:

EAX:

ECC:

ECG:

EDP:

EIA:
EKG:

EMS:

EMSS:

EMT:

EMT.A:

EMT.P:

EMT-TV:

EOC:

ERCC:

ERP:

ESS:

DDD:

DID:
DOD:

DOT:

DTMF:

FCC:

FE}4A:

FET:

FM:

HEAR:

HF:

HYSIS:

Hz:

Direct Distance Dialing
Direct Inward Dialing
Direct Outward Dtaling
U.S, Department of Transportation
Dual-Tone Multif requency

Emergency and Administrative Communications System
Extended Area Service
Electronic Automatic Exchange
Emergency Cardiac Care
Electrocardiogram
Electronic Data Processing
Electronic Industries Association
Electrocardiogram
Emergency Medical Service
Emergency Medical Service System

Emergency Medical Technician
Emergency Medical Technician--Ambulance
Emergency Medical Technician--Paramedic
Emergency Medical Technician--fntraveneous Certified
Emergency Operati-ng Center
Emergency Resource Coordination Center
Effective Radiated Power

Electronic Switching System

Federal Communications Commission. Alsor Frequency
Coordination Center
Federal Emergency Management Agency

Field-Eff ect Transistor
Frequency Modulation

Hospital Emergency Administrative Radio
High Frequency
Highway Safety Information System
HerLz
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IF:
ICU:

ICX:

IRAC:

ISPERN:

kbps:
kHz:

LMR:

LEAA:

LETS:

LOS:

LP:

LSU:

IVIAST:

MC:

MCC:

MCCU:

MF:

MHz:

MICT:

MICU:

MRCC:

NCIC:

NCMCN:

NEAR:

iitrHTSA:

NLETS:

NNX:

NPA:

Intermediate FrequencY
Intensive Care Unit
Intercity Link
Interdepartment Radio Advisory Committee

Illinois State Police Emergency Radio Network

Kilobits Per Second

KiLohertz

Land Mobile Radio
Law Enforcement Assistance Administration
Law Enforcement Teletypewriter Service
Line Of Sight
Liquid Petroleum
Life Support Unit

Mititary Assistance to Safety and Traffic - or in Traffic
Megacycles per second (now caIled megahertz)

Medical Communications Control
Mobile Coronary Care Unit
Medium FrequencY
Megahertz
Mobile Intensive Care Technician
Mobile Int.ensive Care Unit
uedical Resource Coordination Center

National Crime Information Center
North Carolina Medical Communications Network

National Emergency Aid Radio

National Highway Traffic Safety Administration
Natj-onal Law Enforcement Telecommunications System

See definition in Glossary Section, Appendix D

Number Flan Area
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o-D:
ONI:
OTP:

PABX:

PBX:

PL:
PM:

PSAP:

PTT:

QEI:

rf:

SAR:

SERS:

SMSA:

SPA:

TCAM:

Telco:
TELPAK:

TPL:

TPS:

TSPS:

UHF:

VHF:

VOX:

VSWR:

VU:

Origin-Destination
Operator Number Identification
office of Terecommunications policy, Executive officeof the President

Private Automatic Branch Exchange
Private Branch Exchange
Private Line (telephone term)
PuIse Modulation
PubIic Safety Answering point
Press to Talk or push to Tatk

Quantifiable Evaluation Indicator

Radio Frequency

Search and Rescue

Special Emergency Radio Service
Standard Metropolitan Statistical Area
State Planning Agency

Telecommunications Access Method
Telephone Company

See definition in Glossary Section, Appendix D

Terminal Per Line
Terminal Per Station
See definition in Glossary Section, Appendix D

Ultra High Frequency

Very High Frequency
Voice Operated Relay
Voltage-standing-Wave Ratio
Vo1ume Unit
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APPENDIX D. GI,OSSARY

Advanced Life support services GI,s): The advanced care services
which may be-planned for areawide EMS systems. .In addition
to all of the basic life support servicesr ALS incrudes
sophisticated transportation vehicles with full equipment
and telemetry staffed by ad.Vanced El"lTs (paramedics) pro-
viding onsite, pre-hospitat, and inter-hospital mobile
intensive care, specialized physician and nursing staffs,
operating critical care units and emergency departments, and
fuII regional implementation of the 15 mandatory components.
The spe-ific adaptations of ALS services will of necessity
be different in varying geographic areas-

Ambulance: Any publicly or privately owned Vehicle that is
specially designed, constructed, or modified and equipped,
ana is intended to be used for, and is maintained or oper-
ated for the transportation upon the streets and highways of
persons who are sick, injured, woundedr or otherwise inca-
pacitated or helpless.

Ambulance Attendant: The individual who is responsible for the
operation of the vehicle and rendering assistance to the
Emergency Medical Technician at any time during the mission.

American standard code for rnformation rnterchange (escrr): An
eight reveL code for data transfer adopted by the American
Stindards Association to achieve compatibility between data
devices.

Amplitude Modulation (AIvI): Modulation in which the amplitude of
the carrier-frequency current is varied above and below its
normal value in accordance with the audio, picture, or other
intelligence signal to be transmitted.

Analog: Physical rePresentation of information such that the
iepresentation bears an exact relationship to the original
information.

Analog Communication: System of telecommunications used to
Lransmit i-nformation other than voice which is sometimes
used in telemetry.

Antenna: A system of wires or electrical conductors employed for
recepti-on or transmission of radio waves, Specifically, a
radiator which couples the transmission line or lead-in to
space for transmission or reception of electromagnetic radio
waves.
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Assigned f'requency; The ffequency appearing on a station
izatiqn from which the carrier frequency nay deviate
amount not to exceed that permitted by the frequency
ance.

author-
by an
toler-

Associated Pubric safety communications officers (Apco) :
profit public-safety radio users group composed of
strators and communj-cations technical, operations,
mand personnel.

A non-
admini-
and com-

Attenuation: The decrease in ampritude of a signal during its
transmission from one point to another. It may be expressed
as a ratio or, by extension of the term, in decibels.

Audibre signal: Buzzer or belr to indicate an incoming carl.
Audio: Pertaining to frequencies corresponding to a normarly

audible sound wave. These frequencies range roughly from
15 cycles per second (Hz) to 20,000 cycles per second (Hz),

Automatic Location Identificatj-on (ALI): Identifies the origin
of a telephone call.

Automatic Number Identification
the calling partyts number

Equipment for recording
operator intervention.

(ANI) :
without

Band (radio frequency): A range of frequencies between two
definite limits By international agreement, the radio
spectrum is divided into nine bands. For example, the very
high frequency (VHF) band extends from 30 MHz to 300 MHz.

Bandwidth: 1. The width of a band of frequencies used for
particular purpose. Thus, a bandwidth of a television
station is 6 MHz.

a

2. The range of frequencies within which a performance
characteristic of a device is above specified limits. For
filters, attenuators, and amplifiers these limits are
generally taken to be 3 dB below the average level. Half-
power points are also used as limits (: dB is half-power).

Base station: An item of fixed radio hardware consisting of a
transmitter and a receiver.

Basic Life Support (BLS): The minimal acceptable 1eve1 of care
services available in an areawide EMS system. services
incrude universal access and centrar dispatch of approved
national standard ambulances, with appropriate medical and
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communication equiPment,
(EMT-A) , availabilitY of
staffed by physicians and
knowledge and skills and
I 5 mandatory comPonents.

operated by a comPlerqent of EMTs
a category II, hosPital facilitY
nursei with emergencY medical

fuI1 areawide implenentation of the

Beeper: A pocket paging receiver that emits a beeping sound upon- receiving a plge specifically directed to it'

Bid: A response to a published Request for Bids or Request for
QuotatiOn in which full disclosure of the wanted goods or
services is made by public advertisement and price alone is
the determining factor for contract award'

Biomedical Telemetry (Biotelemetry): The technique of monitoring
or measuring v-it.t biological parameters and transmitting
data to a receiving point from a remote location.

Broadcast: Radio or television transmission j-ntended for general
reception.

Cable: One or more insulated or non-insulated
conduct electrical current or impulses'
wires are called a multi-conductor cable'

call Answerer: The initial answerer of a 91I call

wires used to
Grouped insulated

Method: CaIIing party is referred to

(9I1 operator).

a secondary

call Relay Method: The call j-s answered at the PSAP where the
pertinent information is gathered and then the interrogator
ietays that information to the proper public safety agency
for Lheir action. This can be accomplished by radio,
intercom, telePhone, etc -

Ca1I Referral
number.

Ca11

CaIIed Party
control
cal1.

Transfer Method: The PSAP interrogator determines the
proper responding agency and connects the user to that
ig"r.y whilfr then perfoims the necessary dispatching in
.6.ot-d.rce with prearranged plans with cooperating agencies '

Hold.: Enables the public safety answering point to
the connection for confirmation and tracing of a
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cardiopulmonary Resuscitatron: opening and maintaining
airway, providing artificial ventiration by reserve.irg, and providing artificial circulation by meansnal cardiac compression.

certifying.Agency: The state or Local Agency responsibleassuring that the EMT-A and the EMT:P aie qultifiedprovide their respective levels of emergendy medical

a patient
breath-

of exter-

Carrier: A radio signal generally without voice or other infor-mation imposed.

Carrier Frequency: The
netic wave.

frequency of an unmodulated electromag-

categorization: A system used to identify the readiness andcapabilities of a hospital and its entire staff to receive
and treat_, adequately and expeditj-ousry, emergency patients.
The four basj-c American Medical Assoc. categoiies are: r-
Comprehensive, Il-Ir,lajor, III-General, fV-gaiic. Many states
have developed their own categorization schemes whic[ iden-tify leveIs of urgent and critical care capability.

central office: sometimes caIled a wire center; the smarrestsubdivision within the telephone system which has relativelypermanent geographic boundaries.

for
to
service.

communl--

channel, Radio: - An assigned band of radio frequencies of suf-ficient width to permit its use for radio communication.
The necessary width of a channel depends on the type oftransmission and the tolerance for ttre frequency af emission.

Channel, Point-to-point: A radio
cations between two definite

Class of Service: Service order
natj-on of telephone service
area units, dial types) to
customers subscribe. It is
and assignment purposes.

channel used for radio
fixed stations.

code designation of the combi-
features (equipment, calling

which business and residence
used for rating, identification

coaxial cable: A transmission line in which one conductor
completely surrounds the other, the two being coaxj_ar andseparated by a continuous solid dielectric oi by dielectricspacers. (A1so carled coaxial line, concentric line.)

Code Dialing: A method of signaling or encoding and decodingaddress codes by the use of standard terepfione dial
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Command and Control Center [Central Comnunications Operations):
A system which is responsible for establishing com.muni-
cations channels and identifying the necessary equipment and
facilities to permit immediate managiement and control of an
EMS patient. This operation must provide access and availa-
bility to public safety resources essential to the effective
and eificient EMS management of the immediate EMS problem.

Ccmmunications Center or Dispatch Center: (See Command and Control
Center. )

Communications Subsystem: Comprises those resources
ments for notifying the system of an emerg€rlcf r

izing and dispalching resources, for exchanging
for iemote monj-toring of vital indicators, and
transmission of treatment procedures.

Communication System: A collection of individual communication
networks, Lransmission system, relay stations, control and
base stations, capable of interconnection and interOper-
ations that are designed to form an integral whole. The
individual components must serve a common purpose, b€
technically compatible, employ common procedures, respond to
controlr and operate in unison.

Comparator: A circuit which compares two or r$ore signals, and
selects the strongest.

and arrange-
for mobil-
information,

for the radio

used in
re-Console: A cabinet housing electronic circuitry normally

controlling other equipmerit such as transmitters and
ceivers installed at remote locations.

Continuous Tone Controlled Squelch System (CTCSS): A system
wherein radio receiver (s) are equipped with tone-responsive
devices which allow audio signals to appear at the receiver
audio outputs only when a carrier modulated with a specific
tone is received. Said tone must be continuously present
for continuous audio output. CTCSS functions are sometimes
referred to by various trade names such as Private Line or
pL (trtotorola Communications and Electronics), Channel Guard
or cG (General Electric Mobile Radio Department), or Quiet
Channel (RCA),

Control Console: A desk-mounted, enclosed piece of equipment
which contains a number of controls or circuits used to
operate a radio station.

Control Head; A junction box with appropriate controls, that is
microphone, volume, squelch, on/off, etc., used to control a
mobile radio.
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Coordination; That process by which
happen in a good acceptable way
occurrence.

something is arranged to
in contrast tq random

Couple: To connect two circuits so
from one to the other.

that signals are transferred

coverage; rn a radio communications system, the geographic area
where reliable comnrunications exiit; usually-exprelseO in
terms of miles extending radially from a fixed radio station.

Critical Care Unit (CCU): Sophisticated advanced treatmentfacilities in large medicar centers and hospitals thatprovide advanced definitive care for the moit critically iIIpatients. They are available for the diagnosis and care ofspecific patient problems j-ncluding traumi, burn, acutecardiac, premature birth, poisoning, drug overdose and acutealcohol toxification, phychiatric emergencj-es and otherspecialized medj-ca1 surgical problems.

Critical Patient Categories: Patients requiring care for trauma,cardiac, burns, poisonings, archolism, drug overdoses, acutepsychiatric problems and high risk infants. these victims
are highly vulnerable to mortality and long-term conva-
lescence. Target planning of these patient categories must
be based on knowledge of demography, epidemiology, and
speciarized clinical requirements of these patieirts.

crystal: An item of electronic equipment which determines the
exact frequency to be utilized j_n a radio system.

Data Base: A collection of
nized for rapid search

basic and factual
and retrieval.

information orga-

dBm: Decibel referenced to one milliwatt.
cation work as a measure of absolute
one milliwatt.

Employed in communi-
power. Zero dBm equals

dBW: Decibels relative to one watt (1 deW = 30 dBm).

Decibel (dB): A unit which expresses the leve1 of a power valuerelative to a reference power value. Specifical1y, thelevel of a power value P relatj-ve to a reference value pR
in decibels is defined as 10 1ogl0 [p/pR),

Decodi-ng: The conversion and recognition by the addressed(receiving) unit of numerical address codes that have beentransmitted through a communications system.
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Dedicated Telephone Line: A telephone wire pair,
one point, and terminating at another point,
closed circuit. Also called private line.

originati
operating

ng at
ina

Defibrillator; An electrical device used to eliminate
Iation of the heart muscle, by the application of
voltage impulses.

Demodulation: The process of recoyering the modulating
mation from a modulated signal (wave).

fibril-
hish

infor-

Dial Tone First: Allowance of a 911 or rrO'r Operator calls to be
completed without the deposit of a coin.

Digital: Data represented in discrete, discontinuous formr ds
contrasted with analog daLa represented in continuous form.

Digital Dial Code: A signaling technique generally used in EMS
VHF radio systems to bypass a receiver CTCSS system. In
North Carolina 1500 Hz interrupted signaling is standard.

Direct: In terms of communications circuits, this means a dedi-
cated, instant method of communications. A dial telephone
is not direct, while radio would be direct,

Direct Dispatch Method: A11 911 call answering and radio dis-
patching is done by the personnel at the public safety
answering point.

Direct Distance Dialing (DDD): Telephone service which permits
subscribers to dial their own long distance caIls.

Direct Leased Land Lines: Dedicated or designated point-to-point
wire circuits (telephone) used in transmitting voice or data
communications (see Dedicated Telephone Line) .

Directional Antenna: An antenna which radiates radio waves more
effectively in some directions than in others.

Direct Trunking: An arrangement
nection has no intermediate
destination (ca1led) party.

where a telephone line con-
points before reaching the final

Directivity: The value of the directive gain of an antenna in
the direction of its maximum value. Specifically, in the
Ieve1 of a power value p relative to a reference value P
in decibels is defined as 10 1og1o GIPR).

Dish: A type of antenna, that is, parabolic reflector, used
extensively in microwave systems.
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Distortion: Unfaithful repi-oduction of audio or video sJ-gnals
due ta change occurring in the wave form of the original
signal, somewhere in the ceurse it takes through the trans-
mitting and receiving system. Classifled as linear, fre-
quency, and phase distortion.

Doctor-interrupt: The ability of
cator to interrupt the voice
a radio in the field.

a physician or hospital communi-
or telemetry transmission from

DOT/EMT-A Basic Coursr. A nationally accepted course for EMT-A
instruct,ion.

Dual-Tone Multifrequency (DTMF); The simultaneous generation of
two audio tones generally compatible to AT&Trs standard
'rtouch-tone" frequencies. Used for control or signaling
purposes.

Duplex: The operation of transmitting and receiving apparatus at
one location in conjunction with associated transmitting and
receiving equipment at another location, the process of
transmission and reception being simultaneous.

Duplex Channel: A communication channel providing simultaneous
transmission in both directions (for comparison, see simplex
channel) ,

Duplex Operation: The operation of associated transmitting and
receiving apparatus concurrently as in ordinary telephones
without manual switching between talking and listening
periods. A separate freguency band is requj-red for each
direction of transmission. (For comparison, see simplex
operation. )

DuplexedrzMultiplexed Telemetry Unit:: A radio device capable of
simultaneous transmission and reception and concurrent
transmission of both voice and EKG information.

Duplexed Telemetry Unit: A radio device capable of simultaneous
transmissj-on and receptj-on of information. The device may
transmit voice or EKG information (not concurrently) and
receive voice transmj-ssion while transmitting.

Duplexer: A device which is used in radio equipment
sj-multaneous transmit and recej-ve capabilities
operation) on a si-ngle antenna.

to provide
1 duplex( fuI

Effective Radiated power
gain, in dB, of the

(ERP) : Antenna input
antenna, expressed in

POwer
Watts

times the
ERP.
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EKG Display (Medical) Console: A unit of electronic equipment
located in hospital emergency rooms and/or cardiac care
units which displays EKG and records voice and data infor-
mation received from an EMS scene by transmission via radio
or telephone path (demodulation console).

Electrocardiogram (ECG or EKG): A visual or hard copy trace of a
patient's electrical heartbeat. Sometimes EKG or ECG.

Electromagnetic Energy: The type of energy contained in any
electromagnetic wave such as radio waves, visible 1ight, x-
rays, gamma rays, ot cosmic rays. The frequencies of radio
waves go to about 300,000 Mllz.

Electromagnetic Radiation: Radiation associated with a peri-
odically varying electric and magnetic field that is travel-
ing at the speed of light, i-ncluding radio waves, light
waves, X-rays, and ganrma radiation.

Electromagnetic Wave: A wave of electromagnetic radiation,
characterized by variations of electric and magnetic fields.

Emergency CaIl: A call that requires immediate action.

Emergency Medical Service (EMS): The service utilized in re-
sponding to the perceived individual need for immediate
medical care in order to prevent loss of life or aggravation
of physiological or psychological illness or injury.

Emergency Medical Service System (EMSS): A system which provides
for the arrangement of personnel, facilities, and equipment
for the effective and coordinated delivery of health care
services in an appropriat,e geographical area under emergency
conditions (occurring either as a result of the patientrs
condition or of natural disasters or similar situations) and
which is administered by a public or non-profit private
entity which has authority and the resources to provide
effective administration of the system.

Emergency Medical Technician (EMT): Persons trained in emergency
medical care in accordance with standards prescribed by the
Department of Transportation.

Emergency Operating Center (EOC): An EOC is a secure (protected)
facility designed and equipped for the use of community
officials to manage response of a community in time of
emergency.

Emergency Rescue Vehicle: A vehicle not designed for patient
transport which contains advanced life support equipment and
personnel capable of providing extrication and emergency
care at the scene or in conjunction with transport.
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Emergency Resource Coordination Center (ERCC): Generally a
facility that has the resources and ability to coordinate
all emergency services (po1ice, fire rescue, ambulance,
etc. ) within a given geographic area.

EMS Region: The geographic area served by a given EMS System.

EMS Council: A formally established and responsible entity
representing diverse groups of both providers and consumers
of emergency medical services assembled for the purpose of
reviewing and evaluating the provision of such services in a
defined system's geographical area. Public input into "EMSPolicyI may be achieved through this body.

EMT-A: Emergency Medical Technician--Ambulance.
EMT-Paramedic: Persons traj-ned for advanced life support ser-

vices to include sophisticated trauma, cardiac care, and
other critical care elements for interventive treatment,
shock therapy, drug administration, and cardiac rhythm
detection control.

Encodi-ng: The conversion of numerical address codes, such as
telephone number of message codes, into a format of on-off
pulses of audio tones for transmission over a communications
link.

Exchange: A defined area, served by one or more
central offices, within which the telephone
nishes service.

telephone
company fur-

Facility: A communications facility is anything used
able for use in the furnishing of communications

or avail--
service.

a

Facsimile: The process by which pictures, images, and other
fixed graphic materials are scanned and the information
converted into electrical signals for local use or trans-
mission remotely to reproduce a likeness of the subject
copy.

Fading: The variation of radio field strength caused by
gradual change in the transmission medium.

Fading Margin: The number of decibels of attenuation which can
be added to a specified radio frequency propagation path
before the sj-gnal-to-noise ratio of the channel fa1ls below
a specified minimum.

Federal Communications Commission (FCC): Established by the
Communications Act of 1934 to formul-ate rules and regula-
tions and to authorize use of radio communications.
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Fixed Service: A service or
fied fixed points.

radio communication between speci-

Fixed Relay Station: An operational fixed station established
for the automatic retransmission of radio communications
received from either one or more fixed stations or from a
cornbination of fixed and mobile stations and directed to a
specified location.

Forced Disconnect: The capability of the 911 center to discon-
nect a 911 call to avoid caller jamming of the incoming
phone lines.

Frequency: The number of cycles, repetitionst ot oscillations of
a periodic process completed during a unit of time. The
frequency of waves in the electromagnetic spectrum (radio
waveS)isdesignatedinhertz(Hz),ki1ohertz(kHz
One hertz is equivalent to one cycle per second.

Frequency Band: See Band (radio frequency).

Frequency Deviation: Frequency deviation of an FM signal is the
change in the carrier frequency produced by the modulating
signal. The frequency deviation is proportional to the
instantaneous amplitude of the modulating signal.

Frequency Modulation (fU): A method of modulating a carrier-
frequency signal by causing the frequency to vary above and
below the unmodulated value in accordance with the intel-
ligence signal to be transmitted. The amount of deviation
in frequency above and below the resting frequency is at
each instant proportional to the amplitude of the intel--
ligence signal being transmitted. The number of complete
deviations per second above and below the resting frequency
corresponds at each instant to the frequency of the intel-
ligence sJ-gna1 being transmitted.

Gain, of an Antenna: The effectiveness of a directional- antenna
in a particular direction, compared against a standard
(usua11y an isotropic antenna). The ratio of standard
antenna power to the directional antenna power that will
produce the same field strength in the desired direction.

Generator: A device which
mechanical energy.

develops electrical voltage from

Geographical Assignment :
cations channels on
geographic area.

The assignment and use of communi-
a dedicated user basj-s within a given
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GHz z

GoaI

gigahertz (bi1lion hertz or IO9 cycles per second).

(See Objective): A statement of broad direction, general
purpose, ot intent. A goal is general and timeless and is
not concerned with a particular achievement within a speci-
fied time period.

Guard Band: A narrow band of frequencies provided between
adjacent channels in certain portions of the radio spectrum
to prevent j-nterference between stations.

Half-Duplex Channel: A communication channel providing duplex
operation at one end of the channel, but not the other.
Typically, the base station is operated in the duplex mode
(for comparison see "simplex channelt' and "duplex channelt').

Half-Duplex Operation: Generally refers to the ability of di-
recting medj-caI personnel in EMS radio systems to interrupt
or "break in" on radio transmissions from field personnel to
give instructions or ask questions (requires "duplexed"
equipment in the field).

Half-Wave Dipole Antenna: A straight, ungrounded antenna having
an electrical length equal to hal-f the wavelength of the
signal being transmitted or received. Mounted vertically,
it has a donut-shaped pattern, circular in the horizontal
pIane.

Harmful Interference: Any emissj-on, radiation, or induction
which endangers the functioning of a radio service or seri-
ously degrades, obstructs, or repeatedly interrupts a radio
communication service.

Hertz: A unit of frequency equal to one cycle per second (Hz).

Hot Line: Direct circuit between two or more points for immedi-
ate use without patching or switching (see Direct Leased
Land Lines). The hot line can employ various sJ.gnalling
configurations (i,e., ringdown, audio amplifiers, etc. ) .

Impedance, Characteristic: The importance of characteristic im-
pedance lies in the fact that when a transmission line is
terminated, as with an antenna, in an impedance matching its
own, then aI1 of the energy or power flowing along the line
is radiated by the antenna. If the impedance of the termi-
nation (antenna) is not matched,to the transmission line,
a portion of the energy will be reflected at the mismatch
resulting in a lower output't'rom the antenna.

{



Interface: A concept involving the specification of the inter-
connection between two equipments or systems. The speci-
fication includes the type, quantity, and function of the
interconnection circuits and the type and form of the
signals to be interchanged via these circuits.

Interference: Interference in a signal transmission path is
either extraneous power which.tends to interfere with the
reception of the desired signals or the distribution of
signals which results in loss of signal or distortion of
information:

Intermittent: In connection with bio-medical telemetry, this
word describes the momentary transmission of EKG and/or
voice signals from the paramedic's equipment.

kbps: Thousands.of bits per second.

Key Telephone Equipment: An instrument that has the capability
of multiple line terminations. Each line is accessed by
depressing associated button (key1.

kHzz kilohertz (thousand hertz or thousand cycles per second).

Land Line: A generic term which refers to the public-switched
telephone system.

Land Mobile: Communications between base stations and mobile
radiosr or from mobile radio to mobile radio.

Land Mobile Service: A mobile service between base stations and
land mobile stations , oY between land mobile stations.

Law Enforcement Assistance Administration (LEAA) :
tration under the United States Department o
lished by the Omnibus Crime Control and Safe
I 968.

An adminis-
f Justice estab-
Streets Act of

Leased Line: A pair of wires or a circuit, usually leased or
rented from a telephone company, designed for exclusive use
between two fixed points for various communication control
functions (i.e., base station control, . .). The leased
line configuration bypasses the public telephone switching
system.

Line of Sight (LOS) : An unobstructed path between two poi-nts.
Radio waves at those frequencies where signals travel in a
straight line and are not reflected by the ionosphere.
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Link: A channel or circuit designed to be connected in tandem
with other channels or circuits.

Local Government Radio Service; A service of radio communication
essential to official activities of states, possessions, and.
territories, including counties, towns, cities, and similar
governmental subdivisions.

Local Service Area: That area that can be cal-Ied without incur-
ring multimessage units or a toll charge.

Loss: A decrease in power
mitted from one point
bels.

suffered by a signal as it is
to another, usually expressed

trans-
in deci-

Medical Control Center (MCC): A communications
ally located at a hospital, which provides
control and direction of an EMS system.

capability, usu-
for medical

Medical Communications Control Console: An installat,ion of
communications control equj-pment, usually located at a hos-
pital, which provides for control of the transmitting and
receiving equipment necessary for the medical control and
direction of an EMS system.

lledical Control: Directions and advice provided from a centrally
designated medical facility staffed by appropriate EMS per-
sonnel, operating under medical physician supervision, sup-
plying professional support through radio or telephonic
communication for onsite and transit, basic and advanced
life support services given by field and satellite facility
personnel.

Medical Emergency: An unforeseen event affecting an individual
in such a manner that a need for immediate medical care
(physiological or psychological) is created.

It{icrowave: A term applied to radio waves in the f requency range
of Ir000 megahertz and upward. Generally defines operations
in the region where dj-stributed-constant circuits enclosed
by conducting boundaries are used instead of conventional
lumped-constant circuit components.

Mobile Intensive Care Unit (IvIICU) : An emergency vehicle unit
staffed by paramedic or Mobile Intensive Care Nurses.

Mobile Relay; A fixed station established for the automatic re-
transmission of mobile service radio communications which
originate on the transmitting frequency of the mobile
stations and which are retransmitted on the receiving fre-
quency of the mobile stations.
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Mobj-Ie Relay Station: A base station establ-ished for the auto-
matic retransmission of mobile service radi-o communications
which originate on the transmitting frequency of the mobile
stations and which are retransmitted on the receiving fre-
quency of the mobile stations.

Mobile Repeater Station: A mokrile statj-on in the mobil-e service
authorized to retransmit automatically on a mobile service
frequency communications originated by hand-held portable
units or by other mobile or base stations directed to such
hand-carried units.

Mobile Service: A service
and land stations r or

of radio communication between mobile
between mobile stations.

transmitter
or aircraft

Mobile Station: A two-way radio station in the mobile service
j-ntended to be used while in motion or during halts at un-
specified points.

Mobile Transmitter: A mobile transmitter is a radio
designed for installation in a vessel, vehicle,
and normally operated while in motion.

Mobile Unit: A two-way-radio equipped vehj-cle or person. AIso,
sometimes the two-way radio itself, when associated with a
vehicle or person.

Modem: A contraction of modulator-demodulator.

Modulation: The process of modifying some characteristic of an
electromagnetic wave (called a carrj-er) so that it varies in
step with the instantaneous value of another wave (called a
modulating wave or signal). The carrier can be a direct
currentr €rn alternating current (providj-ng its frequency is
above the highest frequency component in the modulating
wave), or a series of regularly repeati.g, unj-form pulses
called a pulse chain (providing their repetition rate is at
least twice that of the highest frequency to be transmitted).

Multi-channel System: A radio system which uses more than one
radio channel. AIso known as multi-frequency system.

Multi-frequency Operation: Equj-pment capable of operation on two
or more frequencies. These frequencies must be close together
as it is not feasible to have equipment containing 1ow band,
high band, and ultra high band together since separate units
are required for each band.

Multijuri-sdictional System: A system covering more than one
political boundary or agency.

Multipath: The propagation phenomenon which results in signals
reaching a radio receiving antenna by two or more paths
resulting, normally, in a degradation of the original signal.
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Multiplex: Simultaneous lransmission of two or more messages in
either or both directions over the same transmission path.

Multiplex Operation: Multip1ex operation is simultaneous trans-
mission of two or more messages in either or both directions
over the same transmission path. Generally used in a medical
communications context to denote a radio telemetry device
capabte of concurrent voice and EKG information transmission
on one radio frequency.

Multiplexer: A device which simultaneously transmits two or more
signals over a common carrier wave.

Network: An orderly arrangement of stations interconnected
through communicatj-ons channels in order to form a coordi-
nated entity.

911 (nine-one-one): A three digit emergency telephone number
accepted and promulgated by the telephone industry as the
nationwide emergency number.

9Il Center: (See Public Safety Answering Point).

NNX: The first three digits of a local telephone number that
uniquely identifies that Central Office switching location
within its Area Code number for nationwide long distance
call rout j-ng.

Noise: Interference characterized by undesirable random voltages
caused by an internal circuit defect or from some external
source.

objective (see Requirement): A desired accomplishment that can
be measured within a given time frame and under specifiable
conditions. The attainment of the objective advances a
system toward a corresponding goal.

Ohm (A): An electrical unit of resistance.

Paging: Notification of an individual
calling instrument such as radio,

by means of a selective
etc.

one system to another; i.e., radio

1BB

Patch: A means of connecting
to telephone.



personal Radio: A small portable radio intended to be carried by
hand or on the person of the user.

Phone Patch: An interconnection betwee.n radio and telephone
communications circuits which permits direct voice inter-
change between telephone lines and radio system.

Police Radio Service: A public-safety service of radio communi-
cation essential to official police activities.

Port,able: An easily transportable radio.

Portable Radio: A completely self-contained radio which may be
moved from one position to another.

Primary Power: A reliable source of power (115 Vac, 220 Vac,
etc.) normally serving the consumerrs main poI^/er needs on a
continual basis.

Private Automatic Branch Exchange (PABX): A telephone switch-
board with many stations not individually identifiable to
the telephone company's switching network not requiring an
operator.

Private Branch Exchange (PBx): A telephone switchboard with many
stations not individually identifiable to the telephone
companyrs switching network requiring an operator.

Proposal: A written response to a Request for Proposal in which
there is contained an offer to perform services and/or
provide material according to previously provided specifi-
cations.

Propagation (electromagnetic) : The travel of electromagnetic
waves through a medium r or the travel of a sudden electric
disturbance along a transmission line. Also called wave
propagation.

Public Safety Agency: "Pub1ic safety agency[ means a functional
division of a public agency which provides firefighting,
police, ambulance, medical t ot other emergency services.

Pub1ic Safety Answering Point (PSAP): The initial answering 1o-
cation of a 911 cal1. Sometimes called a 911 center.

Push-to-Ta1k Operation (PTT) (Press-to-Ta1k): In radio or tele-
phone systems, that method of communication over a speech
circuit in which transmission occurs from only one station
at a time, the talker being required to keep a switch
operated while he is talking.
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Radio: The transmission and reception of signals by means ofelectromagnetic waves without a connecting wire.
Radio-frequency Power: The power associated with

consisting of electromagnetic radiation which
telecommunications .

any
is

signal
used for

Radio rnterference: Undesired disturbance of radio reception.
Man-made interference is generated by electrj-c devices, withthe resulting interference signals either being radiated
through space as erectromagnetic waves or travering over
Power lines or other conducti.ng media. Radiated interfer-
ence is arso due to natural sources such as atmospheric
phenomena (light,ning) . Radio transmitters themselves may
interfere with each other (see intermodulation distortj_on).

Radio Network: A number of radio stations, fixed and mobile, in
a given geographical area which are jointly administered or
which communicate with each other by sharing the same radio
channel or channels.

Radio Receiver: An instrument which amplifies radio-frequency
(nr1 signars, separates the i-ntelligent signal from the RF
carrier, amprifies the signal in most cases, then converts
the intelligent signal back into its original form.

Radio Relay System (Radio Re1ay): A point-to-point radio trans-
mission system in which the signals are received and re-
transmitted by one or more interrnediate radio stations.

Radio station: A complete assemblage of equipment for radio
transmission or reception, or both.

Radio Transmitter: A radio-frequency power source which
ates radio waves for transmission through space.

gener-

Range: Distance over which a radio signal can be transmitted for
effective reception or the distance at which a usable signal
can be received.

Receiver: An electronic device used to detect and
transmitted radio signals into sound waves.

amplify

Referral Method: calling party referred to a secondary number.

Regional EMS system: An emergency medical service area (trade,
catchment, market, patient flow) that provides essentially
all of the definitive emergency medical care (95A) for all
emergencies and for most critically iIl and injured patients.
only highly specialized and limited use services should be
obtained outside of the area. The area must contain ade-
quate population and available medical resources to imple-
ment and sustain an EMS system operation. At least three
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major models exist; (1) multiple urbanized communities and
their related suburban parts i Q) a metropolitan center and
the surrounding rural areas; and (3) metropolitan center and
extreme rural-wilderness. settings. The models may be
interstate or intrastate.

The EMS area must haVe SuffiCient population, size, and
medical resources to justify the existence of an emergency
medical service system. A village or sma1l community unable
to provide all of the functional components ..rg necessary
clinical services must be directed toward participation in
an adjacent larger medically competent system with necessary
services and capabilities. The availability of more special-
ized care in the large metropolitan areas wilI be reflected
by the referral patterns of the system for specific clinical
problems.

The area must also be of adequate size to provide the
financial base for the establishment and continued operation
of the total system. system planning should avoid the
development of a highly sophisticated complex system in an
area witSout sufficient economic capability due to a l-imj-ted
tax base and limited financial resources. The financial
feasibility for the establishment and continued operation
must be thoroughly examined by the responsible organizations
and political entities involved to insure that the system
has the capability of becoming self-sustaining and not
dependent upon continued Federal support-

Relay: Transmission forwarded through an intermediate station.

Relay Station: Radio stations that rebroadcast signals the
instant they are receivedr So that the signal can be passed
on to another station outside the range of the originating
transmitter.

Remote BaSe Station. A base station located away from the
operating console, to take advantage of improved coverage
oifered by a better greographical location.

Remote Control: A device or system designed to control a base
station from a location other than that where the trans-
mitter and receiver are installed.

Remote Control Eguipment: The apparatus used
monitoring, controllitg, supervising, or
these, a prescribed function or functions
electrical means "

for performing
a combination of
at a distance by

Repeater: A combination of apparatus for receiving either one-
way or two-way communication signals and delivering cor-
relponding signals which are either amplified or reshaped or
both. A repeater for one-way communication sigr-ra1s is
termed a one-way repeater and one for two-way communication
signals is a two-waY rePeater.
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Repeater Station: An opera::ionaI fixed station established for
the automatic retransmission of radi-o communications received
from any station in the mobile service.

Requirement (Task): A desired accomplishment that is subordinate
to an objective. A requirement is attainable within a
specified and immediate time 1imit, is consistent wj-th the
time frame of the objective, and is clearly measurable.

Resource Hospital: A supervising medical resource facility in a
particular EMS region which is responsible for medical advice,
consultation and transportation triage with other (associate)
hospital and mobile medical units. There must be a communi-
cation linkage between this facility and the RegJ-ona1 Command
and Control Center which is responsi-bIe for the dispatch of
all emergency vehicles.

Resource Management Center: A center responsible for the allo-
cation of those resources essential to the most effective
and efficient resolution and/or management of the immediateproblem. In most communities these resources would include
polj-ce, fire and emergency medicar services. The Resource
Management Center is most effective when its responsibili-
ties encompass the whole public Safety response.

Ringback: Permits the answering point to ring the hung-up tere-
phone on a held circuit; this feature is useful when a
calling party has failed to provide all necessary infor-
mation to the answering poinL before hanging up.

serective carling: Encoding devices used to alertr or signal, aparticular individual or groups. see channer and duplex.

Selective Routing: Selective routing terminates a call at a pSAp
determined by the location of the calling terephone. This
is accomprished by using a computer to process the calling
telephone number.

Semi-duplex: See "half -dup1ex,, .

Sensitivity of a Radio Receiver: The minimum input signal required
in a radio receiver to produce a specified output signal-to-
noise ratio. This signal input may be expressed as power orvoltage at a stipulated input network impedance.

signal: The form or variation of a wave with time, serving to
convey the information, message, effect t ot other desired
intelligence in communications.
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Signal-to-Noise Ratio; Ratio of the
signal to that of the undesired
pressed in decibels.

Simplex (Simplex Operation): Sing1e frequency operation whereby
aII base stations and mobiles operate on one common fre-
quency. Transmissions in a simplex circuit can occur in

"itt"i direction, but not in both simultaneously.

Simplex Channel: A communication channel providing transmission
in one direction only at any gj-ven time (for comparison see
I'duplex channel") .

Simplex Channel, Single-Frequency: A simplex channel utilizing
only one assignea band of frequencies (for comparison see
"simplex channel, two-frequency") .

intensity of the desired
noise signal, usually ex-

Simplex Channel, Two-Frequency: A-simplex radio
two distinct assigned bands of frequencies
see "simplex channel, single-frequency") .

Simpte Operation: A method of radio operation in which communi-- cation between two stations takes place in only one direc-
tion at a time. This includes ordinary transmit-receive
operation, press-to-talk operation, voice-operated carrier,
and other f6rms of manual or automatic switching from
transmit to receive. Also called simplex. (Compare with
"duplex operation").

SINAD: The ratio expressed in decibels of signal
distortion to noise plus distortion produced
of a receiver.

system utilizing
(for comparison

plus noise plus
at the output

transistors and other
tubes.

That portion of radio
authorized for use in the
endangering life or

Solid State: Circuitry which utilizes
similar devices in lieu of vacuum

Special Emergency Radio Service (SERS):
communicatj-ons frequency resources
alleviation of emergency situations
proPertY.

Spectrum: Any series of radiant energies arranged in order of
wavelength or frequency. The entire range of electromag-
netic radiation eitending from the longest known radio waves
to the shortest known cosmic rays.

Squelch: A circuit function that acts to
output of a receiver when noise power
mined leve1 is Present.

Statewide EMS System: A network of El'lS Systems, integrated and
coordinated at the state level.
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Station, Radio: A fixed installation or mobile unit which is
equipped to transmit and receive radio signqls,

Strip Chart Recorder; An electromechanical device used
paperchart recordings of EKG information. Usually
sensitive paper and a heated stylus.

to make
uses heat

Subcarrier: A frequency used to generate a modulated wave which
in turn is applied as a modulating wave to modulate another
carrier (e.9., 1400 Hz is used as a subcarrier in ECG telem-
etry transmissions).

Switched \letwork: A complex of diversif ied channel-s and equipment
that automatically routes communications between the calling
and call-ed person or data equipment.

Tandem Trunking: An arrangement where a telephone-line connection
has one or more intermediate points that are required or
permitted (usually on a controlled dial pulse basis) before
reaching the final destj_nation (ca1led) party.

Task: The smallest i-ncrement of self-achievable work that is
identifiable, assignable, and measurable within an immediate
time frame.

Telecommunications: A11 forms of electrical transmission of in-
telligence J-ncluding: telegraph, telephone, radio, and
tel-evision.

Telemetry: The sensing and measuri-ng
remote location and transmitting
location to be read and reeorded.

of information at some
the data to a convenient

TELPAK: AT&T Long-Lines Series 5000 Tariff Offering.
Telephone Line: A telephone line from a

office that is connected to key or
ment.

telephone company central
non-key telephone equip-

Teletypewriter: An electromechanj-cal device, simirar to a type-
writer, such thaL messages typed on the keyboard of the
transmitter unit are converted into electricar signals,
which when conveyed to the receiver unit, are printed on
paper.

An audio or carrier of controlled amplitude
used in a selectj-ve signalling system , ot for
control purposes.

and frequency
equipment

Tone:
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Tone Code: Tone
tone signal
function.

code specifies the
required to effect

character of
a particular

the transmitted
selection or

Tone Coded Squelch; A system whereby a
transmitted wiLh the radio carrier
nuisance type interference.

superimposed tone is
to protect against

Touch Pad: A method of signaling or encoding and decoding
address codes by the use of a simple numerical push button
keyboard.

Tower: A structure usually used when an antenna must be mounted
higher than fifty feet.

Transceiver: The combination of radio transmitting and receiving
equipment in a conrmon housing, usually for portable or
mobile use, and employing common circuit components for both
transmitting and recqiving. Generally used in push-to-talk
operation.

Transfer Method: The PSAP interrogator determines the proper
responding agency and connects the user to that agency. To
perform the necessary dispatching j-n accordance with pre-
arranged plans with cooperating agencies.

Transistor: An electronic device, similar to the electron tube
in use, consisting of a smal-I block of a semiconductor (such
as germanium) that has at least three electrodes.

Transmitter: Apparatus for the production and modulation of
radio frequency energy for the purpose of radio communi-
cation.

Transmission Line: A waveguide,
conductors used to transfer
one location to another.

coaxial line,
signal energy

or other system of
efficiently from

Triage: The sorting and classification of the il1 or injured to
determine priority of need and appropriate care or treatment.

Trunk: A circuit used for connecting a subscriber in a Central
Offj-ce to all other services in/out of the switching equip-
ment (e.9., Long Distance Trunk, Operator Trunk, Recorded
Announcement Trunk, etc. ) .

Trunk Line: A telephone line which terminates at a swj-tchboard
rather than a telephone.

An electronic operating position system whereby operator-
handled traffic is routed to its final destination via a
central switching machine.

TSPS:
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Two-way Radio: A radio which is able both to transmit and
receive.

Ultra High Frequency (UHF): Frequencies between 300 MHz and 30OO
MHz.

Vacuum Tube: An electronic
etc., which consists of
two or more electrodes
tricity can occur.

device used in radio, television,
an evacuated enclosure containing

between which conduction of elec-

Vehicular Repeater Station: A mobj-Ie station 1n the mobile ser-vices authorized to retransmit automatically on a mobileservice frequency, communications originatea Uy hand-carriedportable units or by other mobile or base stations directedto such hand-carried units.
VHF: Very High Frequency; frequencies between 30 tr.lHz and 300 tvtHz.

voting: Automatic selection of remote radio recej-ver. Ar1 in-
coming signals are compared for signar strength and thefirst signal found that meets or eiceeds a pie-set level is
"voted" or selected and sent to the audio amplifier.

Width, Channel: The difference of the
limits of a channel, expressed j-n

Wireline: See Leased Line

upper and lower frequency
Hertz.
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