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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 resuitant document is intended to be a
simple, practical technical planning guide for Emergency Medical
Service (EMS) communications.

The authors prepared a proposed outline of this document
which was distributed to attendees at the 1977 Department of
Health, Education and Welfare (DHEW) Tri-regional Workshops on
EMS Communications. 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 Telecommunications 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

useful to the user community.
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EMERGENCY MEDICAL SERVICES (EMS) COMMUNICATIONS SYSTEM
TECHNICAL PLANNING GUIDE

Joseph A. Hull
John M. Harman
Marylyn N. Olson
H. David Hunt?*

This document is intended to provide
guidance in planning Emergency Medical System
(EMS) communications. Processes and procedures
are presented for such planning. Recommenda-
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 common
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 EMS command
and control center is highlighted. Frequency-
assiyrent regulations and selected configur-
aticns for an EMS system are introduced.

Rey words: Ambulance communications; emergency
medical communications; 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 obligation in the United States Waixstimulated by a study
published by the National Academy of Sciences in 1966. A summary
of the events which followed is shown ianigure 1. Considerable
progress toward the development and implementation of EMS is

Fl
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*The authors are with the Institute for Telecommunication Sciences,
National Telecommunications and Infor%ation Administration, U.S.
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Chronology of

1972

I

1973 1974 1975

projects throughout nation: largest sum of private funds
ever allocated 1o emergency medical services

911: White House Oflice of Telecommunications
Policy issues statement urging adoption of 911.

Public Law 93-154 Passed: Emergency Medical
Services Systems Act of 1973, afler surviving one
velo, signed into law in November. 1973 with & 5185
million authiorization over three years.

Robiert Wood Johnson Foundation Announces
Grants: selected {rom among 251 applicants. 44
regions receive grants in 32 states and Puerto Rico.

Federal Cc léations C ission Docket
#19880: new rules and regulations for EMS
communications sets aside new radio fraquencies.

First Federal Grants: 48 made lotaling $17 million
in FY 1974

1976 1971 1978

FY 75: 114 regions receive 532 million,
EY 76;  $29 million granted to 52 reglons.
FY 77: $32 million lor B2 regions.

AMA House «{ Delegates: recommends that
emergency medicine be consideted naw speciality.

Academic Medical Centers: University of

California {San Francisco) and Johns Hopkins establish
special emergency medicine programs lo develop
faculty for medical schools.

Congress Renows Leglslaﬂon: bill extending

tegislation through 1979 authorizes $200 million lor
system development. $15 million for research, $40
million for training, and $14 million for burn injurtes,

Robert Wood Johnson Foundation Funding
Phases Out: 4 nrojects continue wilh other support

events in the development of EMS.

(Prepared by Robert Wood Johnson Foundation)
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evidenced by the iqitiatives and funding levels indicated in the
figure.. The largeét 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
1976). 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 morxr-
tality.

Emergency Medical Services communications planning and
system implementation requires' interface and cooperation with
other medical services and public safety activities such as'law
enforcement, fire, search and rescue, emergency preparedness,
trangportation, 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-
munications Planning to Highway Safety Program Manual No. 11 -
Emergency Medical Service", April 1, 1974, and "Communications
Manual - Addendum 1 to High&ay Safety Program Manual, Volume IIL"
provide guidelines that are used primarily for the planning of
EMS communications systems on a statewide basis pursuant to the
Highway Safety Act of 1966 (Amended). Using the format of NHTSA's
Appendix P, the Department of Health Education and Welfare (DHEW)
prepared "Guidelines for Developing an EMS Communications Plan,
HSA 77-2036," March 1977, which addresses development of compre-
hensive communications plans for grant application 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




1.2. 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 sequence 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 Section 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 coacepts 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 majorysubsectioh addresses the concepts and
development of the EMS command and control center.
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Section 7 discusses the concepts, regulation and seleéted
radio configurations employed in EMS medical control communi-
cations. This section is irtended to introduce the planner to
specific operational medical control communication systems.

2. OVERVIEW OF EMS SYSTEM

The EMS problem was identified in 1966 by the National
Academy cf Sciences in "Accidental Death and Disability; the Ne-
glected Disease of Modern Society." This study was the catalyst
for a s -ries 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 1966 (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, vehicles, com-
munications, and other components needed for a system approach to
EMS. However, it was not until the passage of the Emergency
Medical Service Systems (EMSS) Act of 1973 that a national,
comprehensive systems approach to emergency medical services
became authorized under Federal law.

2.1. EMSS Act

As defined in the EMSS Act of 1973 (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 patient's condition or of natural
disasters or similar conditions), 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.”




2.1.1. Fifteen mandated components
The Act of 1973 (Amended 1976), which is administered by the
EMS Division of the DHEW, identifies fifteen components which are

considered mandatory for an efficient operational system and must

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

TRAINING OF PERSONNEL

COMMUNICATIONS

TRANSPORTATION

FACILITIES

CRITICAL CARE UNITS

USE OF PUBLIC SAFETY AGENCIES

CONSUMER PARTICIPATION

ACCESSIBILITY TO CARE

TRANSFER OF PATIENTS

COORDINATED MEDICLI, RECORD-KEEPING

CONSUMER INFORMATION AND EDUCATION

REVIEW AND EVALUATION

DISASTER LINKAGE

MUTUAL AID AGREEMENTS.

O 0 ¢ o 0o 0 OO 0O 0O O O 0 o

2.1.2. 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. |

A el L a

R U



T TTgT——— T

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 standaxrd 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

AdvancedkLife Support Services (ALS) - The advanced care

services which may be planned for areawide EMS systems. 1In
addition to all of the kasic life support services, ALS
includes sophisticated transportation vehicles with full
equipment and telemetry staffed by advanced EMT's (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 full 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 the
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 expeditiously. The four
basic American Medical Association categories are: I Compre-
hensive, II Major, III General, IV Basic. Many states have de-
veloped their own categorlzatlon schemes which identify levels of
urgent and critical care capability.

7




There may he circumstances which obviate the need for such
telemetry capability.

2.1.3. EMSS grant series

Federal assistance is available through grants under Sections
1202, 1203, and 1204 of Title XII of this Act. These grants may
be awarded to states, units of local government, public entities

administering a compact or other regional consortium, or any

other public entity and non-profit private entity for:

Feasibility Studies and Planning - SECTION 1202
Establishment and Initial Operation - SECTION 1203
Expansion and Improvement - SECTION 1204.

i
oy
%
¥

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.

2.1.4. EMS communication system

This planning guide deals primarily with communications
which iz 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 14 requirements. This interaction will become apparent as

planning of the overall system proceeds. 1
Most people have intuitive ideas about systems planning or 1

"systems engineering” as it is called in more technically oriented

contexts. Systems engineering emphasizes defining gonals and

relating system performance to these goals. It places emphasis g

on decision criteria, developing alternatives, modeling systems

for analysis, 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 concepts of
the basic sciences and disciplines. The present state
of the art for system engineering is that there now -

8
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Table 1.

Summary of Milestones

Public Law 93-154

Title XII

e R 8 o a0l id

SECTION 1202

FEASIBILITY STUDIES
AND PLANNING

SECTION 1203

ESTABLISHMENT & INITIAL OPEBATION

SECTION 1204

EXPANSION & IMPROVEMENT

EMS Council - Subcom-
mittee on Communi-~
cations

Inventory Assessment
of Subsystems - Com-
munications, Facilities,
Disaster Plans,. . .

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

Plans for Intercom-
munications with
Adjoining Regions

(o]

Phase I

Develop Basic Cormiuni-
cation Plan

-Communications Re-
quirements - Ambu-~
lance/Hospital/
Medical

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

Communication System
Design (Reflecting
Vertical Categoz-
ization)

Implementation of
Improved Telephone
Access

Central Ambulance
Dispatch

Communications Engi-
neering Design, Bid
Specifications and
Contracts

Mutual Aid Agree-
ments for day-to-day
Operations and Dis-
aster Linkages

with Public Safety
Agencies

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

Phase II

o Implement, Test and

Operate Communica-
tions Access and
Dispatch System

Implement, Test and
Operate Basic Two-way
Voice Medical Communi-
cations

Plan for Medical Con-
trol/Communications

from Resource Hospital
& Associate Hospitals

~Establish Hospital
Regional Network

-Designate Hospital
for Medical Control
of ALS

Develop Workshops at
State and Regional
Level on Communica-
tions, Disaster Link-
age Drills, Public
Education and Support
Issues

Design technical Inter-
facing of Radio and
Telephone to Provide
Medical Control to
Paramedics and Facili-
ties from Resource
Hospital

-Dedicated phone lines
to Associate Hospitals

Implement Medical Con=-
trol Communications -
Two~-way Voice and/or
Telemetry

Implement Linkages to
Rehabilitation Facili-
ties and Services

Monitor Pre/Inter

~Mobile Intensive Care

Plan Regionwide
Disaster Drill

o Test and Evaluate
Communications
System

o Prepare Final Report

~-General Description
and Operational
Protocols to be
Included in Regional
EMS Plan



exists a well-demonstrated methodolegy for integrating
technical disciplines into technical systems,

"The systems approach will not solve problems fox
you. Only you can do that, What the system approcach
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 suitable alter-
native. The systems approach will not do any of
these things for you.

"The systems approach will allow you to express
your individualism rationally when you identify your

problem, your alternatives, and your decision criteria."

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

2.2. Individual and Organizational Relationships

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 ignore these realities, will not only insure
program problems, but will reduce the chances of achieving maxi-

mum EMS system efficiency.

2.2.1. Local organizational relationships

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

10
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Civie, Private, Professional
and Voluntary Associations

Ameérican Nat:onal Red Cross

American Heart Association

American College of Emergency Physicians

American Association of Poison Control
Centers

American College of Physicians

American College of Surgeons

American Academy of Orthopedic
Surgeons

American Trauma Society

Association of Public Communication
Officers (APCO)

Ambulance Associations

Dental Associations

Hospital Associations

Health Officers Associations

Emergency Department Nurses
Associations

National Ski Patrol

Peace Officers Association

EMT and Paramedic Association

Search and Rescue Associations

Amateur Radio Associations

Other Private and
Publi¢ Jurisdiction

Consumer Organizations
Area and Local Health
Planning Agencies
State Advisory Committees
on EMS
Regional Medical Programs
- Health Advisory Boards
Hospital Districts
Licensed Hospitals
Private Ambulance Services
Drug Abuseé Councils
Mental Health Councils
Radio and TV Stations
Answering Services
Telephone Company
Utility Companies
Special Local Facilities
“Military Base
‘Large Industry
‘University
Citizen Band Organization

Federal

DHEW~~Public Health Service

Division of Emergency ltedical
Services

Food and .Drug Administration

National Clearinghouge for
Poison Control Centers

Department of Interior

National Park Service

Bureau of Mines

Department of Transportation

National Highway Traffic Safety
Administration

U.S. Coast Guard

Federal Aviation Administration

Federal Communications
Commission

Department of Defense--U.S.
Army, Navy, Air Force

Department of Housing and Ucrhan
Development

Federal Emergency
Management Administration

LOCAL
EMS

1T

Departmental

Health Protcction Systems

Preventive Medical Services
Program

Emergency Hedical Services

Environmental Health Program

Office of Comprehensive Health

Planning

Project Management Research
Review

Health Facilities Licensing and
Construction

Infectious Disease Section

Family Health Services Section
Crippled children Services Section
Occupational Health Section
Radiological Health Segtion

Legal Affairs

Office of Communications

Figure 2,

COUNCIL

State

Department of Education

Department of General Services-
Communications Division

Department of Health

Department of Parks and
Recreation

Department of Aeronautics

Department of Motor Vehicles

bepartment of Agriculture

Highway Patrol

Division of Highways

pDivision of Forestry

Commission on Peace Officers
Standards and Training

Board of Nursing Education and
Nurse Registration

Board of Pharmacy

Office of Traffic Safety

University System
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which should, depending upon the size ¢of the communications sys-
tem, be advised that a system or system update is being planped.
Input from many of these agencies and associations may well
provide the basic building blocks for the plannexr. The local
committee should serve as a forum for formulation and direction
of EMS communication planning. An agency or department manager
(police, fire, hospital, ambulance, etc.) who is represented,
consulted, and involved in the e¢arly 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 programs is the

tendency to ignore early concerns, thinking they will disappear as

the program proceeds. Conversely, some early 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 ccmmunications committee will
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 leads to greater cooperation. Of particular concern, is
the need to work with the various agencies' operational personnel
with the knowledge and approval of the agency heads. These are
the people who must ultimately endorse and actively support
change within their agency. 1In addition, the operational person-
nel are most familiar with the strengths and weaknesses of an
existing communication system and will be most affected by any
changes. The advantages to be gained from their experiences and

12
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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 local 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 EMS-related planning and coordination.

The committee 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 leccal EMS council
interrelationships. By-laws and membership requirements vary

from council to council and reflect local differences and needs.

2.2.2. State organizational relationships

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/or 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 (EMS
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
local EMS planner must attempt to utilize these various state and
Federal programs, as 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 local

EMS council consideration.

13
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2.2.3. Federal organizational relationships

Most Federal 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 N
Federal 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.

R S

m—,

2.2.4. EMSS project region organizational relationships

EMSS project regions are various groupings of local EMS

7

systems which together serve a larger geographical area. These

3 e

regions, determined by Federal, state and local jurisdictions,

were designed to preclude geographical overlap and to conform as

o

T e

closely as possible to established medical service catchment
areas. Figure 5 depicts the project regions within the state of

—

Colorado. There are more than 300 such project regions within
the iinited States.

The adminigtrative structure of these project regions is

o

Ea s

difficult to categorize because the region is frequently 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

W
E

requirements and the like. The makeup of the EM3S Project Region

requires the local communication planner to understand the polit-

oAy
B

ical, economic, and social ramifications of the regidn in much

a

the same way as he must understand the local EMS system itself. @
’ £

H

There is a need for the planner to be sensitive to urban/rural
differences, to historical and human differences and misunder-

standings, and to the unique needs of the area involved.
16
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3ince 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 EMSS Act is administered by two agencies of the Public
Health Service: the Health Se-vices Administration (HSA) and the
Health Resources Administration. The HSA, through its Division
of Emergency Medical Services, administers the 1202, 1203 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, as 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. Also,
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 1973-1976 EMS Act.

The role and responsibilities of the EMS Telecommunications
Consultants are:

18
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(1)

(2)

(3)

(4)

(3)

(6)

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.g., 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 "old"
systems.

To review and approve regional communication system

implementation plans for 1203 and 1204 projects (any

différences of opinion will be reviewed by the team
leader and other team members.)

To assist Federal Regional Directors in administering

the blanket communication conditions placed on each

local region project.

To assist Federal regions and the Office of the Direc~

tor of DHEW, EMS, to pursue opportunities and more

actively to utilize joint Federal agency funding in the
implementation of regional communication systems with
common public access to meet public safety and security
needs.

To represent the Office of the Director of the DHEW,

EMS, within and before public safety communications

professional organizations, public utility interface

study groups (911) and the communication industry.

To assure close working relationships with committee or

planners of other related telecommunication system 4

developments within the Federal region, keeping the “

region director and EMS project managers advised of

such plahs (i.e., motorist aid--DoT; wired city--HUD;

20
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highway systems and agricultural sensors--DoT/Agri-

culture; parks and recreation centers remote services--

Dept. Interior;

3.

etc.)

EMS COMMUNICATION SUBSYSTEMS

3.1 Functions

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.

distance.

The problem is usually one of time and

The rudiments of EMS communications are illustrated in

Figure 7.

Emergency Response, and Medical Control.

The functions represented here are Citizen Access,
Other interface coordi-

nation functions may also be required, depending upon the emer-

gency and the region or community (i.e., metropolitan area with

many public safety agencies and associate hospitals).
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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. 1If 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 decisions 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
(Channel 9), radio call bexes (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 local level. Section 6 will treat the technical

planning aspects of this subsystem in more detail.

3.1.2. Emergency response

The response of the EMS system elements to an emergency
request involves the coordination of public safety resources.
Fublic 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 (law enforcement, fire, ambulanée, 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. 1Ideally, the citizen requesting

22



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 85% of incoming ¢alls involve police services,

10% fire services, and 5% EMS. However, further analysis of
these statistics indicates that some 35% 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 techunical configuration of the emer-
gency response system will vary depending on the need ana 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 control/supervision

The term medical control/supervision means the direction 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 requires a channel to be available at all
times wheﬁ a patient is being served in the field. 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 age, weight, etc., by two-way
voice communicatiéns to a physician or physician surrogate {nurse/
paramedic) at a hospital. Hand-held portable radio units permit
communications outside the emergency vehicle - especially from
the event site. Also, 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 tb assist in coordination, but

a primary link for medical control.is always reguired.

3.1.4. Other
A set of operational procedures is an essential element in
the operation of ‘the communication}system. No MAFter how well
planned the communication system ma§ be or how‘ﬁéhy sophisticated
devices may be u%ed, trained operators are essential if the
25



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 1is the
definition of responsibility for the communication functions.

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

o} Rapid citizen access

0 Mobilization of EMS and public safety resources (alert-
ing, paging)
Vehicle coordination (dispatch and delivery)
Medical control/supervision

Interface coordination (radio and/or wire line)

Hospital security¥*

o 0 o 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"** prepared by The Associated Public-Safety
Communications Officers, Inc. (APCO) for the Law Enforcement
Assistance Administration (LEAA) under Project 13. This law-
enforcement planhing process, adapted to EMS and supplemented by
the DHEW and NHTSA communication guidelines, is designed to serve

a similar objective in assisting local, 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 law violators who may need emergency

medical help. Some cases may even involve emotionally disturbed
patients.

**Phese 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, i
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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.

4.1, EMS Telecommunications Systems Planning

The systems approach or "systems engineering", as 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
long-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 early, 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. k

4,2, General Description
The organization of the planning process can be described by

.the following interrelated steps or phases:

Identify and understand the problem

Establish goals and objectives

Establish planning assumptions

Determine alternative courses of action

Evaluate the alternative courses of action

Select a course of action from the alternatives
Establish priorities for using available resources
Implement the selection '

O 0 0o 0 0 o ¢ 0O 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 shcm in
Figure 9. Some basic considerations for developing the planning
elements in the figure are shown in Table 2. The planning process
should be flexible 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 only a schedule and
check list for the planner's use. Planning logic will lead to
points within the plan outline where decisions are made regarding
how the plan should proceed. A flow diagram for a large project
is shown in Figure 10.

In order for the planner (s) to proceed logically with the
EMS planning process, an understanding of user requirements and
local resources (data base) must be developed. Working within
the policy framework of the local EMS Council, the planner (s)
must document the user requirements and existing resources so
that the EMS Council can develop and recomiiend short- and long- ’
range goals. These goals would then be submitted ﬁq'tﬁe appro- i
priate local officials for approval and funding authorization.
Since EMS must compéte with other local groups forifunding, well~
developed plans and presentations to local officials will enhance
the probability of obtaining EMS system funéing.

4.3. EMS Telecommunications User Requirements

Prior to collecting detailed resources (data bases), it is
necessary to understand the basic user needs for the local EMS
system. This requires explicit understanding of the general
framework in which the problem 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
groups, prevent misunderstandings and can enhance agency confi-
dence in the planner. In addition, it provides the planner with
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a better understanding of the existing system so that a more
logical, efficient data~base-collection plan can be developed.

4.3.1. External constraints on the system

The existence of numerous external constraints covering the
range of possible solutions constitutes a large part of the
challenge in planning EMS telecommunication systems. Awareness
of the primary applicable external constraints (political, tech-
nical, legal, or fiscal) is necessary prior to commencing system
design or modification.

For example, one of the principal external constraints in
urban areas is the limited portion of the radio spectrum that is
available. This is expressed in the form of legal 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 Federal Government users. The EMS dedicated fre-
quencies are shired and are thus jointly allocated under the same
rules and regulations. In addition, Part 17 of the FCC Rules
and Regulations covers the construction, marking and lighting
of antenna structures. These Rules and Regulations were devel-
oped in conjunction with the Federal Aviation Administration
(FAA). In some instances, municipal, county, 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 pertformance standards

Each agency or service involved in the delivery of EMS
patient care is concerned with various performance standards. A
performance standard may either be an exact value which must be
attained, or, 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. 1If 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 conditiong or events. The
proper use of probabilities in conjunction with EMS telecommuni~
cacion system evaluation and planning introduces a degree of
realism 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 communications}
and experience obtained there should 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 cf the status 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 Tdentify 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 with minimal existing communications
facilities will not require an elaborate data base or data man-
égement system.

Regional EMS system development generally requires coordi-
nating and bringing together existing 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 files, management data files, and
technical data files, '

4.4.1. Inventory files

The inventory files are lists of cuxrent physical assets
(antennas, transmitters, etc.) and resources of EMS telecommuni-—
cation systems in the city, county, region, or 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 equipment 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-
nals, recording systems and emergency power units should be filed
in the data base.
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Table 3.
Inventory File

Data Source

Microwave Emergency
% Computer Control Base Mobile Portable Control Data Recording Power
Data Required System Consoles Stations Stations Stations Links Terminals Systems Units

Make, Model, and Age— All Hardware Units
Location of All Base 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 X
Transmitter Power Output

Receiver Sensitivity, Noise Blanking, Output
Selective Signaling Tone/Digital Devices
Antenna Towers, Transmission Lines, and Filters
Antenna Location, Height, Gain, Pattern, etc,
Number Remote Control Links—Wireline/Radio X
Number and Type of Mobile or Fixed Data Terminals X
Number of Repeaters—Fixed and Mobile

Number of Portables and Mobiles

Number of Auxiliary Booster Amplifiers

Number and Type of Battery Chargers

Number and Type of Logging Recorders

Number and Type of Instant Playback Recorders

Number and Type of Closed Circuit TV Units

Number and Type of Pagers and Public Address Sy'stems
Number and Type of Facsimile Systems

Number and Type of Telemetry Systems

Number and Type of Electronic Sirens and Warning Devices
Continuous and Intermittent Power Rating

Maximum Allowable Time at Full Power

Type and Characteristics of Activation Systems

Voltage, Current, Frequency and Phase Retings

Fuel Type and Storage Requirements

Identity of Data System Accessed by Each Unit

Number and Type of Data Display Units

Number and Type of Situation Display Units

Security System Type and Characteristics

Number and Type of Leased Units

X X X - X X
X

X

> %
2 ¢ 3¢ X ¢ X
MMM MK X
PR
M M
M X
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X X ~ X X X X
X X X X X X X

*Equipment serial numbers should be included on the inventory sheet if available, because
the configuration is often associated with the serial number.



4.4.2. Management data files

Management files contain data on organizations, operations,
aiid subelements (hospitals, dispatch centers, transportation
resources, etc.) that will assist in the regional management of
EMS telecommunications resources. These files are established
and updated 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 files 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 Table 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 improvements. 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 and/or
firms that have provided engineering services in support of

previous installations. Contracts for the design or implemen-
tation of public safety telecommunications 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
telecommunications system data base is to be obtained and kept
current. At least the following eight steps are required:

Identify the user communities
Identify the system manager

Compile the data survey information
Conduct orientation meetings
Collect the data

o 0 O 9 0O
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Table 4,

Management Files

Data Source

Data Required

Computer
Center

Resource
Coordination
Unit

Telephone
System

Planning
Uit

Administrative
Unit

Hospital
Communications
Unit

Labor and Overhead Cost per Shift
Training Costs

Maintenance Costs per System and Unit
Lease and Rental Costs

Hardware Purchased Prices

X X X X X

b3

xX X X X X

Number of Agencies Dispatched per Shift

Number of Dispatch Positions per Shift

Number of Complaint Positions per Shift

Number of Personnel by Classification per Shift

Annual On-Air Time and Down Time per System
Communication Traffic Rates — A1l Circuits
Information System Traffic Rates

Intrusion and Fire Alarm Rates

Crossband System Activation Rates

Phone Patch System Activation Rates

MHOX XK XXX XXX XK I X XXX

FCC License Renewal File

Mutual Aid Communication Plan and Agreements

Disaster Communication Plan and Agreements

Catalog of Computer System Output Reports

Charts of Mutual Aid and Statewide Frequency Channels
Copies of Lease, Rent and Use Agreements

>x

X XK X X X X

Number of Emergency Telephone Lines

Number of Administrative Telephone Lines

Number and Type of Special Wirelines (WATS, etc.)
Computer Aided Dispatching Facility

Vehicle Locater and Display Facility

Phone Patch Capability

XK XX

*HK X X X X X

P

x X X
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-Table 5.

Technical Files

Data Required

Suggested Data Source

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 System Vendor or Owner

Regional or State EMS Planning Agency

Spectrum Management Data

Records of Radio Channel Interference and Noise
Propagation Test Results—Radio Coverage Maps
Propagation Analysis Data for In-Service Channels
Logs of Traffic¢ Loads by Type for Wirelines and Radio
Queueing Analysis for Wireline and Radio Channels
Topographic Maps of Radio Service Area

Federal Commmunications Comiaission (FCC)

Logs of the Dispatch Center and Communication Center

System Contractor Engineering Unit and System Test Reports
System Contractor Engineering Data and System Test Reports

lLogs of the Dispatch Center and Communications Center

System Engineering and Telephone Company Engineering

United States Geological Survey—U.S. Department of the Inter1or

Statistical Projections of Area Population Growth
Statistical Projections of Area Demographic Trends

Estimates of Number and Duration of EMS Events

Statistical Projections of Wirelire and Radic Traffic Growth

U.S. Census Data-—U.S. Census Bureau

Local Chamber of Commerce Statistical Service
Receiving Hospital Emergency Room Records
In-House Projection from Historical Growth Data
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o Compile the data base
o Analyze the data base
(o] Update the data base.

Traditional methods of conducting a data survey are
individual interviews, mail surveys, and telephone surveys.

4.5, Defining Specific EMS Communication Problems

The preceding two steps (user requirements and data base
development) 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 charactéristics (i.e., population, geography. . .). It
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, if carefully
planned, can provide a forum for new ideas, can 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 requirements, existing local resources
(data bases), and from experiences gained from other EMS systems,
the planner can submit a repaort to the EMS communications
Committee for their review and coordination with thekEMSuCouncil.
This report, integrated with the other EMS Committee reports

39




(i.e. transportation, txaining, facilities. , ,), will proyide
the EMS Council with the necessary information 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 local 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 local 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 purpose, or
intent. A goal is general and timeless and is not concerned
with a particular achievement within a specified time period.

Objective: A desired accomplishment that can be measured
within a given time frame and under specifiable conditions.
The attainment of the objective advances the system toward a
corresponding goal,
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Requirement: A desired accomplishment which is subeordinate
to an objective. A requirement is attainable within a

specified and immediate time limit, is consistent with the
time frame of the objective and is clearly measurable, often
in numerical values. THe fulfillment of a requirement is
usually based on the performance of one or more tasks.

Task: The smallest increment of achievable work that is
identifiable, assignable, and measurable 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, objectives, and requirements. Achievement of each stated
requirement is necessary to accomplish the objective., Accom-~
plishment of the objective contributes to and supports achieve-
ment of the goal.

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

Goal;
Provide the best possible public access to a
regional EMS 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 establishing goals, objectives,
and requirements are discussed in the subsections that follow.
Task identities aré self-evident once requirements are defined
and, since they take on an endless variety of definitions, tasks

will not be discussed further.
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Use of goals tg identify objsctives

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 goals., A listing of the conditions to be
met in order to reach a goal will identify a numbker of potential
objectives. A rearrangement 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 telecommunications systems.
These deficiencies, if properly correlated, may indicate program
objectives 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 recognized standards to identify objectives

Federal, state, and local entities have established EMS
performance standards in certain areas (ambulance licensing,
training requirements, radio regulations. . .) which the planner
must research for the particular area.

Review 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:

o] The attainability and feasibility of the objective
o} The impact of the objective in reaching the goal
o Priority of the objectives.
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The proposed objectives should he distributed to all resource
and user agencies. Documentation describing the objectiyes, the
background data needed for analysis, and the rationale for the
objectives 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 prcposed objective, Programs of
limited scope could be reviewed 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 requirements
define the course of action which must 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 requirements covering a full range.of
definitive technical, financial, legal, and administrative
considerations. Each requirement must satisfy the test of defi-
nition (attainment must be clearly measurable and must be reached

within a specified time limit).

Use of objectives to identify requirements

The procedure for separating objectives from project goals
should have resulted 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 conditicns
are desired accomplishments attainable within a specified time
limit and are clearly measurable often in numerical values.
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Use of the data base tq identify requirements

The files of the data base will provide 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 well as
financial data.

Use of resource agencies 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 agencieg should 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 people responsible for project implementa-
tion. A review of the reguirements by these people before
general publication is mandatory.

Performance validation of EMS telecommunication sYstems

Since telecommunications is only one of many components
which constitute an EMS system, evaluation of the telecommuni-
cations component does not necessarily provide overall EM5S system
performance. This would suggest that EMS systems require various
evaluation strategies, those which provide managemeant feedback
for the component, as well as those which examine the total EMS
system. Evaluation, within the scope of this planning guide,
will focus on the operational or performance validation of the
EMS telecommunications component. For patient outcome evaluation,
a measure of EMS 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, Educ.,
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and Welfare, 1976), It is ohvious that the more explicit (quan-
tifiable) the telecommunications objectives are, the simpler the
task of validating the performance, Care must be taken, however,
that the development of objectives is not overly compromised by
quantification. This tradeoff between guantification 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
terminology to the nontechnical planner so.that he or she can be
more effective in the telecommunications environment. It is not
a substitute for a telecommunication training course or technical
text, but is designed as an introduction to telecommunications,
with bibliographic references for those planners who wish a more
detailed explanation of the material,

5.1. Base-Mobile System

The heart of an EMS telecommunication system is the base-
mobile radio 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 unit, or base station, and a geographically
mobile unit as shown in Figure lla. The second mode involves two
or more mobile units as illustrated in Figure 1llb, The mobile
units in each instance may bé personel or portable units as well
as vehicles. _

~ The telephone subsystem, which is an integral part of the

EMS system, is equally necessary for system operation; however,
integration of the total EMS telecommunication system generally
requires fewer technical decisions to be made regarding the ;
telephone subsystem than the two-way radio subsystem. Therefore,
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Portions of the radio spectrum.
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the discussion of the radio subsystem will be presented in
greater detail in this section, and the telephone subsystem will

be presented in Section &,

5,2. The Radio Frequency Spectrum

Radio waves (or more precisely, electromagnetic 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 small range--called a band of frequencies or
sidebands--around that frequency. When all possible radio fre-
quencies are taken as a group, the term "radio spectrum” is used.
A simplified version of a portion of the radio spectrum (encom-
passing VHF-high band and UHF-band emergency radic; is seen in
Figure 12,

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:

Q It occupies a certain geographic area
Q It occupies a certain period of time

o} It occupies 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 gpectrum 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
geogfaphical 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 transmitted simulta-
neously. For example, a television picture transmission uses
several hundred times more spectrum than voice transmission. The
amount of gpectrum 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 enable them to be employed as
radio signals. 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. All
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
which we are concerned occupy a very small part of the lower ‘
portion of the radio spectrum, viz., some of the frequencies in
the ranges listed in Table 7. The VHF high~band and UHF band are
used more extensively by municipal and county systems than the
other bands, because radio waves at those frequencies have
desirable propagation characteristics. 1In 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.

Spectrum Ranges Containing EMS Radio Frequencieés*

FREQUENCY RANGE

IN MHz DESIGNATION BAND USE
2.00 to 3.00 - MEF : Fixed
2.726 - MF Base & mobile
3.201 - HF Base & mobile
33.02 to 47.66 VHF low-band VHF Base & mobile
72.0 to 76.0 - VHF Operational fixed
150.775-163.250 VHF high-band VHF Base & mobile

' or 150 MHz-band
458.025~468.175 UHF or 450 MHz band UHF Base & mobile
952~40,000 Microwave UHF , SHF Base, mobile, operational

& EHF fixed & radio location

In order for a radio signal to contain information it must
consist of a band of frequencies; that is, a certain amount of
fregquency 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 assignments are called
"channels." 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 kHz, while at ultra high frequency (UHF) it is
25 kHz. Thus, two adjacent channels in the high-band cannot
carry 20-kHz 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 assignments must therefore be made with
sufficient geographic separation (or other precautions) to
prevent this kind of interference.

*See Federal Communications Commission (FCC) Rules and Rggulations,
Volume 5, Part 89, Subpart P, Section 89.501, for a detailed
description of the rules and regulations.
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Frequency assignment in 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
metropoiitan 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 land-mobile
services to coordinate the assignments in a given service and
geographical area. In the Local Government and Police Radio
Services, the Associated Public Safety Communications Officers,
Inc. (APCO) performs this function through designated frequency
coordinators and frequency adviscry committees. TIts 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 national 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
legally 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 system's 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 The radio frequency used
The type of terrain and buildings in the area

o} The 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 "losseg" ani "gains" of power which exists in a radio
system. These are shown in Figure 13. In particular, power

gains usually occur in the following places:

The radio transmitéer
The transmitter antenna

The receiver antenna

and power losses usually occur in:

The transmitter transmission line to the antenna

The mismatch between the transmission line and the
transmitter antenna

The propagation to the receiver

The mismatch between the receiver antenna and the
receiver transmission line

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

All of these losses and gains must be considered in deter-
mining the "total” or net loss in power between the transmitter
and the receiver. ' :

Transmitting and receiving antenna gain is usually specified
relative ta a standard antenna, a half-wave dipole. With restric-

tions on transmitting and receiving in certain directions, certain
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Figure 13. Gains and losses in a radic 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 exception.) There is a practical
limit 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 regulations and structural rugged-
ness.

It is common to speak of the "effective radiated power"
(ERP) of a radio station. This is the power that actually leaves
the antenna. It 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 itself.
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 transmitter

and the receiver cause the signal power at the receiver to have a
very small magnitude, unless the distance between transmitter and
receiver is small. All receivers have a power level threshold

below which their output is not intelligible, This threshold is

referred to as the "receiver sensitivity.” Radio noise from such
sources as auto ignitions, electric motors and natural sources
(called "ambient noise"), or interfering signals 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 intelligible. 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 ratio," 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
existing system can be acccmplished in five 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 (FCC,
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, Network Organization and Channel Configurations

There are a number of different channel and network cdnfig-
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 configurations.

The word "channel" as used in base-mobile telecommunications
has two definitions which should be understood at the outset. In
the first, & channel is one certain portion of the radio spec-
trum assignew 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
common 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 frequency 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, fl and f2 are different. A single-frequency channel
uses a common frequency for the base and mobiles, and consequently
fl and f2 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 radioc service in a certain area. The
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1 BASE CHANNEL

TRANSMITTER RECEIVER
)
A
f
A
BASE CHANNEL CENTER MOBILE
DISPATCHER WIDTH FREQUENCY (IES) OPERATOR
A
fz
y
Y
RECEIVER — TRANSMITTER
\I T MOBILE CHANNEL

NOTE: fl and f2 are the same for
a single-frequency channel

Figure 1l4. A base-mobile communications channel.

A————RADIO STATIONS ————B

Tx

J> Rx
f,

Figure 15, sSingle-frequency, one-way operation--permitting

transmission of information from User A to B,
but not vice versa.
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First, Station A
transmifs and Station
B listens,

then Station B
transmits and Station
A listens,

Two-way communication
using one frequency

Single~frequency simplex operation--permitting
transmission from A to B or from B to A, but not
in both directions simultaneously, and using the

First, Station A
transmits and Station
B listens,

then Station B
transmits and Station
A listens,

Two-way communication
using two frequencies

Tx > Rx
fI 1:I
Rx Tx
fI fI
A ——— RADIO STATIONS ———B
Tx Rx
ﬂ fI
Rx <: Tx
ﬁ ﬂ
Figure 16.
same frequency in both directions.
Tx > Rx
f, f,
Rx Tx
f2 f'2
A ————— RAD!O STATIONS ——8B
Tx Rx
f, f,
Rx < Tx
f2 f2
Figure 17,

Two-frequency, simplex operation--permitting
t:;angmlssion from A to B or from B to A on two
distinct frequencies, but not in both directions

simultaneously.
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Tx Rx Fir»r, Station A
£ ~ f transmits and Station
| ] B listens,
Rx X
fa fa
A ———— RADIO STATIONS ————8B
then Station B transmits
Tx Rx and Station A listens;
f f however, Station A has
{ | the ability to transmit on
f, when Stotion B is
Rx Tx transmitting on f,.
f f Station B does not have
2 e this capability.

Figure 18. Two-frequency, half-duplex operation--permitting
transmission from A to B or from B to A on two
distinct frequencies, and simultaneously at the
base end of the link, but not simultaneously at
the mobile end.

A ————— RADIO STATIONS —————B
Tx Rx Both Stations A and B
§ ' can transmit simultane-
I ~ f) ously on two frequencies
Rx (1 . ' Tx
f2 N f2

Figure 19. Two~frequency, duplex operation~-permitting
transmission from A to B or fram B to A on two
distinct frequencies, and simultaneously in both
directions.,
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size and degree of formal oxganization of public safety radio
networks varies widely. Unfortunately, many networks have been
formed as a result of unstructured eyolutionary 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 fulfill the com-
munication needs of the users within the network. Examination of
network structures, however, yields the following basic factors
which roughly characterize them:

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

mos W

. 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.

Thesé tradeoffs can be combined to give 12 basic network
configurations. Experience has shown that certain of these
cenfigurations are superior to others in serving the needs of
particular EMS systems. Netwnrks 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 "isolation” to prevent’

interference within the network
The performance under heavy message loads
o ~The radio coverage characteristics
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o] The existence or nonexistence of mobile~to-mobile and
base-to~base communications in the network

(o} The possibility of using special devices (such as
radio teliemetry) 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 configuration. 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 telecommunication system. Fixed location,
or base station two-way radio equipment should include, as a
minimum, transmitter (s), receiver(s), antenna(s), tower(s),
control units and, finally, because every base station requires

electric power for operation, an emergency power supply.

5.5.1. Base station two-way radio

A base station includes a radio transmitter and one or more
radio receivers which are permanently installed at a fixed lo-
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 aaalog.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
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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 low-power units
may be no larger than a common table radio while a high power
unit may occupy a rack about 2 ft wide and 7 £t high. Equipment
sizes also depend upon the type of circuitry used--vacuum tube or
solid state. Solid-state circuitry, which employs transistors
and other semiconductor devices, allows significant reduction in
size over vacuum tube circuitry. Low-powered base-station solid-
state transmitters and most receivers are often small enough for

desk~top operation. High-powered transmitters, however, generally

stand on the floor or are mounted on a wall or a pole.

Almost all EMS systems employ FM equipment. Commercially
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-controlled. 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 radio 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 21 shows a base station designed for remote oper-
ation. The use of the remote-control configuration allows thé
base station to be located near the antenna, reducing the length
and loss of the transmission line, )

The emission bandwidﬁh of FM transmitters used in the VHF
high-band; or UHF band is, as stated earliér, limitéd by the FCC
to a maximum of 20 kHz. 1In other words, the frequencies which
are generated by the transmitter and have appreciable amplitude
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ANTENNA

TRANSMISSION LINE
BASE STATION

/ TWO-WAY RADIO

BUILT-IN
LOUDSPEAKER

MICROPHONE —————

Figure 20. Typical small base station.

ANTENNA
TRANSMISSION LINE
TOWER
(optional)
CONTROL %INE — BASE STATION

REMOTE CONTROL
Figure 21. Base station-remote operation.
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must fall within this 20 kHz channel. Frequencies which are
generated outside of this channel, on either side, must be reduced
in amplitude. Receivers, on the other hand, must be most sensi-
tive to frequencies within the 20 kHz channel. Fregquencies on
either side must be rejected. This means, in effect, that an ‘
adjacent channel signal will not be heard at the receiver output.
This receiver characteristic is referred to as adjacent channel
selectivity.

Base-station transmitters are manufactured with a large
selecticn of radio frequency (rf) power ratings. Limitations on
transmitter power are imposed by the FCC in order to minimize

interference among users within the same frequency bands. The

3

limitations 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 limitation is 600 W
for VHF high~ and UHF-band units at operating frequencies less
than 470 MHz; the maximum power input is spa&cified in the sta-
tion's FCC authorization. However, special authorization may be
obtained from the FCC to operate at higher power levels. For
example, some state police low-band (v2 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 values.
Base~gtation transmitters are available with final rf stage power
inputs 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 interfere with signals
in other geographical areas. FCC regulations state that:

; "The 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 level
can cause interference, as 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 distﬁrbing background noise when no transmitted signal is
present, thus reducing operator fatigue.

Another type of squelch, usually offered as an option, is
tone-coded squelch. A receiver equipped with tone-coded squelch
is activated only by signals containing a specific tone or tone
compination 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 mobile units.
The antenna is a metal structure whose dimensions depend upon the
wavelength {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 site, the
transmitter is controlled by a wire line (i.e., private leased
telephone line) ,or a separate radio or microwave 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 Sesction 6. The base-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, that is, squeezed into a doughnut shape, to
achieve some gain in the horizontal directicn, If the antenna is
not centrally located, a suitable antenna type is 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 impedantz 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 may, 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 antenna's
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 hospital, or other public safety
agencies., Two~way radios, either installed in vehicles or car-
ried by individual field personnel (emergency medical techni-
cians, paramedics. . .), are the two most important types of
mobile equipment. Such two-way radics, often referred to as
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(b)

Figure 22. Three dimensional sketch of the radiation
patterns of (a) a dipole antenna, (b) an

antenna with directivity gain.

90

Figure 23. Typical principal plane radiation patterns
for a half-wave dipole antenna and for an

antenna exhibiting directivity gain in the
vertical plane.
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"mobile-units," are indispensable links in the communication
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 radio usually consists of a transwmitter
and receiver packaged as a single unit. Some units are degigned
for installation under the dashboard of a car or truck. This
type has built-in controls and speaker and an external hand-held
microphone. Other units are designed for installation in an
automobile trunk or elsewhere. In the latter case, the radio is
operated through a control head which mounts under the dashboard
and is connected to the unit with a multi-wire cable., 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

’ TRANSMISSION

LINE CONTROL
LINE CONTROL

{Remote

Control)

{7

—

MOBILE RADIO

Figure 24. Mobile radio communications unit.

66

PN




T W T T T TR T T T ———

As discussed previously, most telecommunication systems
employ FM radio equipment. Frequency modulated vehicular two-way
radios are commercially produced for operation in VHF low~- and
high-bands, or UHF-band. 1In these radio systems, multiple channel
operation is used to achieve communication between mobiles as
well as communication between mobile and base. Vehicular two-way
radios are available with various transmitter power ratings.
Maximum rf output power ranges from about 1 W to 110 W for low-
band and high-band units, and from about 1 W to 90 W for UHF band
units. The physical dimensions and input 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 12 Vv
being a common value.

5.6.2, Portable and personal 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 low 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 smaller portables are often
referred to as "personal' radios. Personal radios are carried 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 carried by hand or as a back pack. Weights of
portable radios rénge from about 6 kg (15 1lb) for the larger

‘units to about 450 g (15 oz) for the personal types.

Various microphone and speaker options are also available
for portable radios. In some types the microphone and speaker
are contained within the unit's case. Hand-held microphones are
employed in some cases and many also function as a speaker. 1In
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acoustically noisy environments, a telephone style handset con-
taining both microphone and earphone is sometimes preferred.
Shoulder microphcones 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 capabilities (not simultaneously), as 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 messages
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. If 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 portable unit which can be removed from
a vehicle charger when the ambulance attendant leaves the vehicle.
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In addition, some portables are available with ac¢ to dc power
supplies and have features which suit them for base~station
usage.

5.6.3. Mobile equipment antennas

Mobile antennas serve the same purpose as base-station
antennas, i.e., reception and transmission of rf energy. How-
ever, mebile 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 plane. 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 in 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. Also, 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 dispatchers. 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 allow several dispatchers to
operate a base station without interfering with one another.
There are basically two types of control, lbcal‘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

with the most distant 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 must have at least one "control point" from
which the system can be turned on and off. 1In a system with
severa} 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 which can remove control from the other
units. In a system with more than one remote control unit, PFCC
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 license information be kept at each control
point.

The most elaborate type of control unit is the control con-
sole, which offers more extensive capabilities than either the
desk set or the small, 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
model is shown in Figure 25. The model shown has the "radio
control" panel located in the center section of the console. 1In
addition to standard production models, most console manufac-
turers will build special control consoles to meet particular
system requirements. A custom designed console is illustrated in
Figure 26.
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(1] D
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Figure 25. standard production console unit.

A~ TAPE RECORDER 5~ RADIO SWITCHING G- STATUS CONTROLS
N recoM and PANEL and INTERCOM/ PA
NTERCO®M - T MICROFILM DISPLAY SYSTEM CONTROLS
e RAY Nnd KEYBOARD H-GRT KEYBOARD
¢~ GATHORE. Fikpiay) £ - GALL DIRECTOR [ ~HEADSET JACKS

J-RADIO FOOT SWITCH

Figure 26. gspecial control console unit.
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The more complex control consoles are usually the most
poorly understcod and documented element in communication plan-
ning. The fact that these organizational relétionships are
frequently misunderstcod or seen from different perspectives,
accounts for some of the confusion in control console planning.
Some of the more commoii control console features and options, as
they relate to EMS communication needs, will be discussed in

Section 6.

5.7.1. 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 station may be lo-
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.

If 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 local telephone
company, as 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 pcint.
The control line is provided by the telephoné company as a
"private~line" service and is not a part of the telephone switch-
ing network. Most base stations are equipped with standard or
optional features which allow more than one remote control to be
connected, allowing joint use of the base station. One of the
contro}ﬂgo%pts, however, must be capable of exercising supervis-
ory control és‘noted previously.

A Radio control of remote base stations is generally considered
when one or more of the following conditions are present:
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o Leased service is not offered ox not ayailabhle between
the remote base station location and the contxol point.
This may occur when a base station must be located on a
nearby mountain or in remote terrain,

Q The distance between the remote base station and control
point is sufficiently long so that engineering econo-
mics justify procurement over lease.

(o)

The poor quality and reliability of leased service
justifies owner procurement of a radio control system.

Radio control, as governed by the rules and regulations of the
"FCC, is normally licensed in the UHF and microwave bar.ds 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 sfation control configuration.

Microwave line-of-sight radio systems represent a very
practical means for providing radio control circuits where there
are no existing wire lines. The use of microwave systems is
widely recognized as a flexible, reliable and economical means
for providing point-to~-point communications. 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
data, facsimile, or high-quality audio channels. Distances
beyond line of sight can be covered by using relay or repeater
stations arranged in tandem between the desired end terminals.
Such systems are cost effective, particularly in mountainous -
areas where the cost of installing 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 on= repeater station. Many public Safety and
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municipal microwave systems are dixeCt, however,, and do not use
any repeater stations. The .stations each have a transmitter and
receiver connected to the same antennaffOr two=-way transmission,
The repeater station (If there is one) has an antenna for two-way
communication with each terminal station. The frequencies of the
transmitted and received signals differ by a fixed amount, so
that they can be readily separated.

The desirable characteristics of microwave systems for
public safety, municipal and state use include the ability to:

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 requirés consider-
ations somewhat different from considerations for those systems
designed for VHF or UHF land-mobile radio. 1In most cases system
design begins with site selection and path design. The criteria
for these choices, as well as the choice of directional antennas,
transmitter power requirements and other related topics are to be
found in the Bibliography. 1

Many states have installed microwave communication 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 largevdistanCés between
population centers and, therefore, hospitals.

All EMS communications planners should consider using such
local government systems or privétely.owned microwave systems.
The EMS connection to such networks can ggWestablished using
conventional wireline systems. The gnqiﬂéeringio%5éuch entrance
links will not be discussed here but need hct 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 (1978) HS 802 976 Com-
munications Manual, Addendum 1 to Highway Safety Program Manual,
Volume 11; and 3) LEAA (1977) Planning Guidel)nes for Law Enforce-
ment Telecommunications Systems. Specifically, these three inter-
agency planning 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 less burdensome and much more
comprehensive when the process is fully 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
plan, in accordance with the DHEW planning guide, is required as
compeonent 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 unde£
Section 402 of the Highway Safety Act must be submitted as
Appendix F, "Communications Plan to the State Comprehensive EMS
Plan". These formulate the legislative framework for planning
that encompasses local and regional efforts. Overall state
planning for area-wide (inter-regional) emergency medical systems
provides practical authority to enhance coordination in the
utilization of available frequencies on a common systems basis
and to enforce multi-disciplinary 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. Ideally, then,
the NHTSA EMS communibations 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 should
address the complete 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 sgituations 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 Communicaticon Committees. Specifically, the LEAA Communica-
tions Planning Guide cited above has evolved from a relatively
long-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. Also, communication planners
should give careful attention to ongoing work sponsored by NHTSA,
DHEW and LFAA In addition, most DHEW regions have active
Emergency Operating Centers sponsored by the Federal Emergency
Management Agency. These dedicated communications facilities
are poﬁential 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 local, state, and regional levels
for EMS communications is intended to be an interagency cooper-
ative process. 1In order to assure this cooperation and to assist
in the uniformity of guidance to the local planners via the
Federal funding agencies, a statutory Inter-agency Committee was
formed under the EMS Act of 1973 (see Figuxe  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 objective 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. TwoO
goals may be appropriate, namely: acceptable limits for (])
receiving on-scene advice, and (2) arrival on-~scene of trained
personnel. Most communities and local governments have a multi-
plicity of telecommunications services, facilities, and systems
already available that relate in varying degrees to the mission
of the EMS telecommunications subsystem. Planners need to
censider how existing telecommunications, in a defined operational
regicn, can be interfaced, interconnected, integrated, and/or
expanded, rearranged, 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 plénning function. A following sub-
section on 911 planning will provide the EMS planncr with a
detailed planning process. In the event that a particular com-
munjty 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 (AT&T) 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 emergency telephone number.
Numerous public safety officials and individuals at various
government levels had long expressed keen interest in the estab-
lishment of such a number. The AT&T announcement followed the
1967 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, af 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 common emergency number
made intrinsic sense.

6.3.1. The public telephone environment

The choice of the specific number, 9ii, 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 Ame¢rican public with direct access to
an emergency answering centcer. ’It is emphasized that this number
is used to gain access to an emergency answering 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
services 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 to
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a telephone could summon aid by dialing this simple three-digit
nunmber, regardleés of his or her location, familiarity with an
area, the time of day, or type of emergency.

Presently, however, most citizens confronted with an emer-
gency are presented with only three alternatives: (1) memorize
all emergency service seven-digit telephone numbers; (2) find a
directory and look up the proper seven-digit number; or, (3) dial
"0" and ask the operator for assistance.

In a recent study of a large metropolitan area, only 34% of
those interviewed knew the local police emergency number; only 5%
knew the fire emergency number; and none knew the ambulance
service number. In another study of two suburban shopping
centers, only 55% of those interviewed were able to identify the
municipality they were in; only 2% knew the police emergency
number; and none knew the fire or ambulance number. Eyen in
cases where there is one commonly used seven-digital number,; it
is less likely to be used than the "Q" operator. For example, in
. New York City, where each of the five boroughs used the same
simple seven-digit number, over 60% of the calls were placed
through the "0" operator.

When a citizen dials "Q", the operator must determine the
type of emergency and the area of the emergency. 1In a continuing
environment of reducing operating costs, telephone companies are
eliminating local operators and often locating *0" attendants at
some major switch point that may be as much as 300 km (290 mi)
away from a local community. These attendants must take the time
to access a computer list for telephone number information and
have limited knowledge or information concerning local emergency
resources. Subsequently, the operator must relay the call infor-
mation or the caller to a public safety agency dispatch center
operator, who must take down the appropriate information and v
either dispatch a unit or request that a dispatcher dispatch a
unit. With 911, the "Q" operator is bypasse6 and the calls go
~directly to highly trained emergency opera:ors who take down the
call information directly from the caller and then either dis-
patch a dnit or have a unit dispatched.
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The NHTSA and DHEW EMS 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 in the delivery of emergency service and more
specifically,, emergency medical services. These and other Federal
assistance programs have emphasized the importance of guick
citizen access, yet 911 implementation nationally has been
marked by only partial success. A recent report (Bauer, 1577)
suggested several reasons why communications planners often
failed to develop 911 systems:

o Public safety planners tied 911 development to other
programmatic objectives such as central radio dispatch

centers and universal radio dispatching personnel.

o Telephone company executives (probably taking their cue
from the public safety planners), conditioned the
participation of the telephone company on the com-
munity's commitment to central dispatching of all

public safety responderéﬁ

o The 911 system was perceived by the emergency response
W .
agencies in the community as a threat to the equitable

distribution of emergency assignments.

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

were not understood or adequately justified.

o Confrontations occurred between the teléphone company
and the community over "who" was responsible for
developing and monitoring the telephone components of

the system.

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

o 911 was preconceived to be a "central dispatching"
system which would lead to a regionalization or con-
solidation of government zervices 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 problem areas and to underscore the importance of
community involvement in the 911 planning process. The planner
will more fully appreciate, as the planning process evolves, that
the 911 center and central dispatch configurations are indeed )
interrelated.

Although this section places major emphasis on the planning
and implementation of 911, it is clearly recognized that a
community may select an alternative which employs some combi-~

nation of one or more seven-digit telephone numbers. This may be
the only feasible alternative due to existing political and/or
technical constraints. Even if a less-than-desired alternative
must be implemented, the 911 planning process should identify the
basic problems and set the stage for future 911 implementation.

6.3.2. The mobile radio environment

Citizens' band (CB)
Many people injured in highway accidents die or are perman-

ently injured simply for lack of prompt and proper emergency
care. In 1975, the U.S. Department of Transportation, National
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 1977 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 intended 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 made of the Citizens' Band Radio Service, as a two-~
way, in-vehicle method convenient to the public. 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
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, network. Although there are technical and administrative problems
to be solved, public safety can be served now by taking adyantage
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 provids: 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 f£rom an effective monitoring of
the Citizens' Radio Service emergency channel (CB Channel 9,
i‘ 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 puklic safety agencies, organized
> volunteer groups, motor carriers, professional driver groups and
} individual citizeng.
| At present, there are three types of volunteer groups who
monitor, on an irregular basis, independent local clubs such as
Radio Emergericy Associated Citizens Teams (REACT), the Affiliated
League of Emergency Radio Teams (ALERT) and the Citizens' Radia.
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 actively subscribe to, and operate, under Federal

Communications Commission (FCC) rules and regulations.
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o} Who maintain an active affiliation with a recognized
state or national organization capable of coordinating
local, state, or 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-
ple, 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 Corps (ARPSC) in 1963. In 1966, a third

division, Radio Amateur Civil Emergency Service (RACES), was

e o & o A e

added. Thus, the ARPSC combines the emergency-preparedness
program of the AREC and RACES with the daily {communications) 1
traffic-handling program of the NTS into a single, strong facil-

ity for rendering continuous service to the public while at the
same time the emergency-preparedness program is kept up to date
by frequent drills and tests. 1In an emergency, the NTS serves as
the vehicle for relay of traffic over medium and long distances
while local AREC and RACES needs take care of local communications
and deliveries.

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

L]

6.4. 911 Planning

The 911 planning process should begin with the analysis, by
the local EMS Communications Committee, of the local public
safety telephone and local telephone company configurations and,
ideally, end with the installation of a 911 system. A flow
diagram is shown in Figure 31.

For the purposes of this section, which has been adapted
from the Illinois 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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During the development process, the following planning steps
should be accomplished after the formation of a local 911
committee (see Section 2):

o) Analysis of local public safety jurisdictions
and telephone configurations.

o Evaluation of 911 call-handling techniques and
standards. ‘

(o} Analysis of alternative 911 configurations and
PSAP's.

Analysis of management forms.
Selection of alternatives.
Preparation of preliminary 911 plans,

o O O ©

Continued 911 activities, including prepération

of final 911 plans, 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.

6.4.1, Analysis of local public safety agency jurisdictions

and telephone central office configurations

This step 1is perhaps the most important of all the planning
steps. Whether covered in one or several meéetings, 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 informaticn 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 (police, fire, medical facilities,
etc.) which must be included in the area'’s 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. Form B-l (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.

Pinally, if possible, the service areas of all other public
safety facilities which can be ihcluded 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, th# 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 common picture of the area service
configurations as they affect 911 implementation.

Besides the requested telephone system data, the dispatch
capabilities of the individual agency centers should be discussed.
In any particular 911 planning area, the separate dispatch centers
will have different levels of sophistifation for interfacing with

‘the public and with other agencies. For example, some centers

will have common frequencies with other agencies, some 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 ox unique,systems should be
discussed at these meetings to insure that complete information
is available for the eventual selection of PSAP's 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 911 systems will be a determination of the number
and types of calls handled within the planning area. Incoming
telephone calls 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 calls. Call handling exper-
ience in these periods can help in sizing the 911 systems.

Telephone company interaction and boundary mismatch

The telephone central offices in the 911 planning regions can
provide information on the types of 911 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 911 alternatives-=should
be conveyed to the 911 Committee.

With the addition of the local telephone company's 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. 1In
general, it will be found that there is little 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 extent to which its service areas
coincide with telephone central office boundaries,
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calls answere a
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Telephone Exchange
Boundary

Figure 32. A city-911 and county-911 boundar
mismatch problem. :

o) Noting these agencies and jurisdictions with which
it is linked by the telephone central office
boundaries, )

o Determining the number of people~ih 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. Alternative 911 configuration and PSAP's

Having carefully laid the groundwork through the preceding
planning steps, the 911 Committee should next address the issue
of selecting alternative 911 system configurations (and their
associat=d PSAP's) for finalkevaluation. At this point in the
planning process, it will be evident that solutions to the
boundary mismatch problem will require interagency and inter-
jurisdictional 911 agreements. The 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.

In evaluating the alternatives, the 911 Committee should
proceed through a three-step process:

o} Study the boundary mismatch problem in each central
office area to identify requirements for interagency
and interjurisdictional cooperation.

o Identify candidate agencies for PSAP's and identify all
included agencies for each 911 alternative. Determine
the call-handling mechanism to be used for each in-
cluded agency.

o Study the total costs and individual elements cost for
each alternative.

Normally, without using costly unique solutions such as
selective routing, the technique for accommodating boundary
mismatch is to build vp 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 small, the boundary mismatch prob-
lems are not generally severe. The 911 systems that include all
central offices in a county or a region are probably reasonably
consistent with'the service areas of the principal law enforce-
ment (sheriff), fire protection (rural FPD's), and emergency
medical (municipal, private, and volunteer ambulance) agencies.
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Mixed counties

As the population of the 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 included in each 911 system becomes more
complicated as the number of jurisdictions and agencies in 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 configuréd alternatives may have the calls of
single jurisdictions handled by two PSAP's,

In general, 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 thé
correspondence of jurisdictional/agency/ telephone company

boundaries.

6.4.3. Call-handling techniques and standards

Each agency in the 911 planning area should provide the 911
committee 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 shoquld
be undertaken only after the committee has developed descriptions
of the local jurisdiction, agen0y’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, 911 operational
methods: direct dispatch, call transfer, call relay, and call
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referral. It should be noted that Public Safety Answering
Points are simply points of contact at which emergency calls are
received. The composition of the PSAP may utilize any one or a
combination of all of the above techniques depending on the
particular agency application.

In the direct dispatch method, as shown in Figure 33, two of
the emergency communication system functiong--911 call answering
and radio dispatching--are collocated. For example, the PSAP
could be collocated with a centralized multi-agency radio dis-
patch center that handles emergency calls 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. In 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 directly dispatched can be accomplished using one or
a combination of the remaining three basic operational methods:
call transfer, call relay, or call referral.

DELIVERY

PSAP _ OF SERVICE
. TO CITIZEN

CITIZEN

Y

Figure 33. Direct dispatch.

Call 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.
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DELIVERY

RESPONDING |

N b>  PSAP | - OF SERVICE
CITIZE AGENCY / TO CITIZEN

Citizen gives details

Figure 34. Call 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
preserve 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 details, a problem, that

is often frustrating to a citizen under stress.
Similar facilities are required for call relay and call
transfer as shown in Figure 35. 1In 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.

DELIVERY
CITIZEN (> Psap | |RESEONDING / OF SERVICE
c TO CITIZEN

L )
Information relayed by
9ll personnel

Figure 35. Call relay.

The major advantage of call relay is that the response time

is essentially the same as that of two stage direct dispatch, and
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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 call relay is that
proper operation requires explicit call-answering policies for
the various agencies. This necessitates a degree of cooperation
which many agencies find difficult to achieve.

Finally, the call referral method, 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 calls to warrant the potentially expensive
equipment necessary for call transfer or call relay. Common
examples of such agencies are the Coast Guard, the FBI, public
works departments, and utility companies. Second, citizens
should be discouraged from using 911 for non-emergency calls so
as to keep the lines free for emergency calls. Therefore, call
referral is also a means of informing the public, in a polite
and professional manner, that they should not use 911 except in

the case of an emergency.

CITIZEN > PSAPR
1 ]

7-Digit number referral

Figure 36. Call referral.,

Figure 37 (from a Stanford Research Institute study) illus-
trates the approximate time requirements for the various 911 call
handling techniques. Research has established that certain steps
in the communication process take a standard amount of time. For
example, it takes about five seconds to dial 911, It takes about
60 seconds for the citizen to relate incident details, and it
takes about 10 seconds for car dispatch. These standard times
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appear in Figure 37 in conjunction with variable event times--
that is, those times which are unique to each call handling method.
Included at the top of figure 37 is the average amount of time delay
incurred by callers without 911. This averags delay without

911 is the delay resulting from a need for approximately 50% of
resident citizens to look up the number of the correct agency, to
go through the telephone operator, or, for more than 20% 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 time 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 911 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 time (80 seconds) is only one-half of the time required
(160 seconds) for many citizens without 911 systems.

Call transfer 911 adds two operations to the direct dispatch
method: (1) obtaining incident data and selecting the correct
agency to receive the transferred call, and (2) transferring the
caller to the correct agency. These two operations add about 25
seconds to the time required to direct dispatch 911. call
transfer.has a resultant overall time of 105 seconds. This is
still nearly a minute faster than non-911 systems.

Call reiay 911 takes more time than direct dispatch 911 and
less time than call transfer 911. With call relay, the 911 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 reléy which is fully a minute less than non-911 systems.

Even call referral 911 is faster than non-911 systems by
more than half a minute. 1In call referral 911, the PSAP is only
involved with the caller for about 45 seconds which is only one-
half the time it takes over 50% of the callers to obtain the
correct agency with non-911 systems.




The 911 committee members should 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
members, as desired.

Depending on the configuration of the local telephone system
equipment, certain 911 options are available. Several excellent
studies are cited in the bibliogyraphy. The application to and
availability of these options for local 911 systems should be
coordinated with the local 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 population groups
with limited English speaking ability in the systems service
area.

Alternative 911 configurations

In their study of the various 911 alternatives, the 911
committee should address a number of questions regarding the
alternatives:

o} Are boundaries between the major agencies recognized in
one or more of the alternatives? ;

o) To what extent do the areas covered by the 911 alterna-
tives match those of the agencies and jurisdictions?

o) Are the agencies and jurisdictions in the various 911
configurations compatible in terms of operations and
political/management conditions?

Do the 911 configurations recognize natural boundaries?
Are central offices which straddle the county bound-
aries assigned to the public safety agencies (generally
sheriffs) responsible for the bulk of the population in
those exchanges?
This set of questions will serve to focus the considerations of
the 911 committees on key aspects of the alternative configur-
ations.
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6.4.4, Selection of PSAP's and call-handling techniques

Frequently, PSAP's are located in the largest law enforce-
ment agency or éxisting joint dispatch facility in the 911 plan-
ning area. This is based, in part, on the fact that the law
enforcement agencies normally receive 80% to 90% 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 maximizing the
population to be served by direct dispatch. A single, properly
trained person can handle all 911 call answering and dispatching
for up to 18,000 people. Therefore, to provide maximum use of
personnel, the 911 committee will want to use 911 personnel in
the direct-dispatch mode to the maximum extent possible. For
somewhat smaller population bases, a 911 operator can provide 911
answering for all agencies, dispatch for some agencies, and
provide call transfer, call relay, or 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:

o) In each 911 system area, identify agencies that want to
operate with either direct dispatch, call transfer,
call relay, or call referral.

e} Determine the dispatch locations of the largest (in
terms of call volume) agencies desiring direct dispatch
911.
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o Evaluate space availability in the dispatch
centers for the 911 personnel and possible dis-
patch for additional agencies, if desired. Include
consideration of direct dispatch of ambulance,

o] Determine digtances from these dispatch centers
to central offices and other agencies.,

o Determine relative capabilities of central
offices in candidate PSAP locations.

o Select PASP's based on the above consideration,

6.4.5. Costs of alternative systems

The costs of alternative 911 systems must be considered in
terms cof 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 requirements.
A commoit rule of thumb is that each position requires approxi-
mately 5.5 sg 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 lines, listed and unlisted business lines, 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 estimateé of the
telephone system installation and operating costs.'

101




The cost of logging recorders can vary significantly depend-
ing on the type of recorder and the features provided. Exact
costs must obyilously be obtained from the various manufacturers
at the time of system implementation., 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 911 line to a separate logging recorder channel, This
method records the entire conversation on the 911 line, even if
the call is transferred. The second method is to connect the
telephone set of each call-answering 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 less recording

channels and is less costly. 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 configuration 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 alternatives, however, an
estimate can be developed using either call data or population-
based data. The number of personnel needed to provide the 911

~function must then be compared to the number of personnel avail-

able in existing public safety communications facilities in
order to éetermine the need for new personnel. .

This section has described the rather complex process of
evaluating, configuring, and costing alternatives. Each 911
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 management forms (joint powers and
contract) commonly 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, police, 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 shexriff provides
law 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
achieving 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
communjication 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 métrix which the 911
committees can use to rank the alternatives. It is probable that
members of the 911 committee will not all agree on the ranking of
benefit measures for each alternative, particularly, benefits
which are not easily measured, 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) benefit
measures and qualitative (unmeasurable or subjective) benefit
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measures. For example, the cost of the telephone system is &
quantitative measure, while the desires of an agency for a
particular configuration is usually a qualitative measure,

In using the form, the 911 committee members should rank
the alternatives for each benefit measure. The best alternative
should receive the lowest number (one), the worst alternative
should receive the highest number (equal to the total number of
alternatives being considered), and the other alternatives should
receive rankings in ascending order of undesirability. All
benefit measures need not be used. Each 911 committee can select
a subset of these measures that they wish to use, Clearly,
additional benefit measures can also be selected.

6.4.8. Preparation of preliminary 911 plans

After an alternative has been selected, it will be necessary
to develop a tentative 911 plan. Each 911 plan should address at
least the following minimal topics since the success of the
resultant system can be seriously jeopardized if complete inter-
agency and interjurisdictional understanding is not reached.

Configuration 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
should be compiled, and a representative of each agency should
sign it to demonst;ate that agency's acceptance. This will
prevent situationsvwhere one area is blocked in its 911 develop-
ment because of actions taken by another jurisdiction. Concerned
agencies will include:

o All member agencies with their service areas., A
member agency is one with the bulk of its 911 calls
for that area processed through the system PSAP,
These agencies will have to cooperate closely in
the 911 center manhagement.

o] All 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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in another PSAP area. For example, if ten percent

of agency A's serxvice area falls within an exchange
wired into a PSAP, this condition should be described,
Call handling for the ten percent of the calls (e.g.,
calls transferred between PSAP's), a special line

to the appropriate PSAP, and radio relay of the
information, also should be described,

e T E

0 The affected exchanges should be clearly listed
i 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 ¢dmply
with any state or Federal requirements:

o} Call handling by call type for each agency must be
specified for each PSAP,

o Call handling procedures for each agency should be
specified, along with any hardware requirements.

For example, if an agency wishes its calls trans-
ferred, the PSAP will need dedicated lines for
transfer and call tranéfer equipment. (The lines
are to be specified in conjunction with telephone
representatives.)

o:' The interconnection with any additional resources
(i.e., other than law enforcement, fire, or emergency
medical) should be specified, as should connections
to adjoining PSAP's.

o PSAP manning levels and response times should be
clearly described and any differences from the recom-
mended standards should be described.

o If answering pasitions are to be equipped with
instant playback recorders, this should be specified.

o} Any additional technical features, such as alternate

| telephone cable entrances into PSAPs, underground
105




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) will ease citizen access to emergency systems, however,
effective utilization of EMS resources requires a command and
control center, 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 38 depicts typical
telephone and radio links in an emergency system. Each com-
munity, however, must define its own nheeds.

6.5.1. Command and control

In order to understand better the distinction between command
and control and medical control (Section 7) the following para-
graph is quoted from the DHEW guidelines (HSA 77-2036, 1977):

"Generally EMS Communications are divided into two major
categories: Citizen Input and Response (CIR) such as a 911
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 provides the means by which emergency resources can be
accessed, mobilized, managed, coordinated, directed and
accounted for."
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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 management of the immediate
problem. In other words, as 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."

e o e . —— - o

Quoting again from the DHEW guidelines:

"A communications center for CIR and for MC are inherent to
the provision of effective EMS. These centers should have
the links required to satisfy and effectively perform their
individual function. The real-time (channel trunking)
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 FCC
rules. Geographical assignment of frequencies may be justi-
fied in low traffic volume areas where an existing system is
meeting most requirements. Even with the geographic concept,
a communications control center is necessary for coordi-
nating and disciplining operations. Command and control is

a function of management. The national emergency telephone
number ("911") can enhance citizen access by providing a
nationwide uniform telephone number. The "911" system
encourages those providing communications services and those
providing emergency assistance to coordinate their efforts
and facilities and work together. A central communications
call answering facility is also inherent to the "911" system."

N

From these guidelines, then, the response (dispatch/coordi-
nation) command and control 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 allo-
cation are strong incentives forx incorporating the Command and
Control and the Medical Control subsystem into a single radio
system. In so doing, however, the planner must analyze the needs
and conditions at the local, 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.

The best way to utilize existing radio inventories,
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 control; however, the transition to a
total UHF system is encouraged. The optimum configuration for
any specific EMS system must be determined by the local EMS
council in cooperation with regional and state plans.

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 pexmit
the immediate interchange of information essential for
‘the EMS system's 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 communications interfaces
unless the EMS Command and Control and all PSAP's are
operated at the same control point.

Have radio communications capab;lities with all person~
nel, facilities, and equipment of the EMS system and
with other appropriate EMS systems in accordance with
applicable state, regional, and local plans for emer-
gency medical services communications,

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, or
other locations which can provide information outside
the scope of knowledge of the EMS Command and Control
operator.

Provide for continuous and uaninterrupted 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 center's area of responsibility.

As discussed previously, each EMS 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 functions

Incoming emergency calls which require the dispatch of

medical personnel may be handled in several different ways.

However, no matter which way is chosen, the steps are basically

the same.

The difference depends upon the way in which the

individual steps are performed. The steps in the processing of

an emergency call are:

(1)

(2)

Receive the call on incoming telephone trunk lines or
automatic private lines from the PSAP,

Request and record the type of emergency. (Note: by
requesting the type of emergency such as fire, medical,
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etc., the PSAP operator may transfer the callep‘to the
appropriate agency with a minimum ameount of redundant
information and correspondiﬁg amount of time saved.
This is particularly important for the mental well-being
of an excited, anxious caller.

(3] Transfer the information to the radio dispatcher.s

(4) Dispatch the appropriate EMS response,

Calls received on 911 whizii are not of an emexyency nature are
not transferred to an agency. The caller 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 1 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 belt, pneumatic tube, computer
terminal, etc.)

Only 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
50,000 and 100,000 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 100,000, 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

othex shifts. As additional operators are emplbyed in the communi-

cation center, the more likely it is that the complement on each
shift will differ according to the system's needs. There are, of
course, many exceptions to these guidelines, caused by particular
local conditions. ,

The decision to give all additional personnel the same
duties or to divide the four-step process into two or more stages
is less dependent on population size than on some of the other

factors mentioned above.

6.5.4. EMS command and control telephone configurations

Section 6.4 discussed the opérational 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-line 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 (usdally 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. With these
lines, whenever either station lifts its receiver, the other
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station is signaled (rung) automatically and no dialing is re-
guired. 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. Tne "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. The local configuration of telephone trunks, circuits
and lines will depend, however, on a particular community's
operational concepts and interagency cooperation.

The particular type of telephone terminal equipment used at
the dispatcher's 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 mcore convenient, bécause it
leaves their hands free. The telephone headset can be shared
with the radio system, with the radio push-to-talk switch auto-
matically selecting telephone or radio capabkility. Besides 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" telephones offer flexibility and effective handling of the
telephone lines. Features available include pick-up’and holding,
intercommunication between lines, visual and audible signals,
cutoff, exclusion, and signaling. Illuminated and optionally
colored push-buttons on the telephone set give a visual indica-
tion of incoming calls, 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 line, 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 frém 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-
ing, processing and transmitting information. It is the respon~
- sibility of the planners and designers to insure that the envi-
ronment (both physical and mental) énables the operator/dispatcher
to perform those functions in an efficient and expedient manner.
Some ¢f the major items which should be addressed with
regard to design are:

o} Space ~ does the configuration allow space for admini-

stration, rest, equipment, etc.

o Environment -~ can the temperature and humidity be
controlled for maximum and minimum work loads? Have
the floor, ceiling, wall coverings, and colors been

selected to provide a comfortable environment?

fo) Nolise - are construction materials used which will
provide relief from both internal and external noise
and vibration?

0 Illumination - can the level 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?

o 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? ‘
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o) Emergency Power - is the primary power backed up with
generator and/or battery sources?

o] Flexibility - is the design of the center flexible
enough to allow reconfiguration of the operational
equipment (moving of consoles and other equipment)?

_ Figure 39 shows a typical small control center configuration.
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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 communications subsystem is to extend the knowl-
edge and expertise ¢f the medical professional to the emergency
scene in order to reduce the possibility of premature death and
disability. It is the planner's 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 in Section 4.

In an effort to optimize the operational and organizational
concept of medical control, the DHEW EMS Communication Plan (HSA-
77-2036, 1977) 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 local system in full or in part, is a decision for the local
.medical community.

The DHEW document (HSA 77-2036, March 1977) defines medical
control (MC) as follows:

"Directions and advice provided from a centrally designated
medical facility staffed by appropriate EMS personnel,
operating under medical physician supervision, supplying
professional support through radio or telephonic communi-
cation for onsite and transit, basic and advanced life
support services given by field and satellite facility
personnel."

The Plan further elaborates on the medical control operational

and organizational concepts:

"In most urban areas, medical supervision is provided
through a central base hospital resource. It is emphasized
here that it is quite impractical in terms of available
frequencies and from the standpoint of expense to have every
hospital in an urban area providing medical supervision to
ambulances bringing patients to each individual hospital.
Most importantly, personnel at each of the receiving hos-
pitals cannot be expected to be familiar with the radio
equipment and communications procedure with resultant com-
munication failures. Furthermore, where multiple users .
(may be forced to share) a frequency (such as during a dis-
aster), information may become interchanged which may lead
to errors in diagnosis and treatment. Therefore, for urban
areas it is imperative that medical supervision be region-
alized and confined to one base hospital 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 resource facility must be responsi-

ble 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

0of a patient to a special care unit 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 the 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 subsysiem would require a
resource huspital to serve as the Medical Control Center. This
center is usually located in or near the resource hospital's
emergency department. The center maintains contact with the
medical field personnel (i.e., EMT, paramedic, or nurse) and
provides medical consultation through the delivery phase as seen
in Figure 40a. The resource hospital may ox 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. Only a control 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 appropriate alternative may act as the EMS 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 41. 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 sophistication 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 gcope 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, cooperation, and a strong commitment to emergency

patient care.
7.1. 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 plahner 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 local EMS Council.

System flexibility

The flexibility of an EMS medical control radio system is an
intangible attribute of the system. 1In 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 allo-
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 sufficient 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 system's service area, introduction or loss of indus-
trial or business facilities, changes in political boundaries,
and introduction of new commuanication technologies are all sources
of permanent changes in communication system demands.

Both aspects of this flexibility requirement can be met if
the system has enough capacity. If the system barely meéts the
current demands, flexible response to new or changing demands is
difficult. If, 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

In any wadio network, the types of channels which are used

greatly affect its suitability to the needs of its users. There-

fore, it is worthwhile to consider the characteristics of channels

by themselves apart from any network, in an effort to define
their influence within a network.
The two basic tradeoffs which one must consider in

selection of a radio channel for EMS telecommunication are:

1. Should the channel contain one, two or more
frequencies?
2. Should the operation of the channel be one-way,

simplex or duplex?

While 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
five 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 only.

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

o} A two-frequency, half-duplex channel in which two
transmitting frequencies are used, one by the base
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and one by the mobiles. At any given time only the

base staticn 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 A

The UHF, paired frequency allocations authorized by the FCC
are designed for duplex operation. As discussed previously,
a duplexed radio station (either portable, mobile, or 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 allows two persons
communicating to interrupt each other. Such a system is referred

to as a "full duplex" station, see Figure 42.

— —
(——
F
TRANSMITTER REQUENCY 2 RECEIVER
RECEIVER | TRANSMITTER
FREQUENCY |
Figure 42. "Full 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 dr 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 "doctor priority" or "physician inter-
rupt" system and is usually less costly and less complicated than
a full duplex system. In EMS radio systems, duplex operation is
only possible in the UHF spectrum where the FCC has designated
two frequencies to be used together as a matched pair. These
pairs are designated as MED channels by the FCC, as shown in
Appendix A, Table A-l. This table shculd 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 called a "relay" or repeater
station. Just as in the base or mobile duplexed station, the
unit is capable of simultanéous reception and transmission of
information. This technique is usually employed to increase the
effective radio range of a lower powered mobile or portable unit.
It additionally allows "mobile~to~mobile" 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 mobile station, it is referred to as a
mobile relay station. If 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.

In Figure 43, incoming information on frequency 1, 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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Figure 43. Duplexed radio station information relay.

A radio station that is both a mobile relay and a wireline
controlled base station, as 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 fregquency 2.
This allows mobile stations to hear and communicate directly with
other mobile units and also with the remote control location,

For example, incoming information from a mobile unit on frequency 1
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
W ! TRANSMITTER >
|
o
@
2 RECEIVER <
S FREQUENCY |
-
Wirelines
/7
>  REMOTE
CONTROL

Figure 44. Base station/repeater receive-repeat mode.
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However, when the remote control location transmits, the
repeater portion of the circuit is overidden and the remote

control message is heard, as shown in Figure 45,

= FREQUENCY 2 .
§ > TRANSMITTER >
O
oz
’._.
Z RECEIVER |«
3 FREQUENCY |
]
# e
7Wire|ines
e -
> REMOTE e
CONTROL

Figure 45. Base station/repeater transmit mode.

Additional configurations and variations of the above are
available for special applications. Each of the applications has

its own associated economic and operational tradeoffs.

VHF band

The high-band VHF frequencies available for EMS systems are
set forth in Table A~l, Appendix A. Although present EMS develop-
ment emphasizes the use of the UHF band, many rural systems
function efficiently on the VHF allocations. The basic channel
configuration for VHF is single-frequency simplex. The frequency
assignments for the EMS function at VHF high band, as seen in
Table 8, do not differ significantly from system to system.

The frequency 155.340 MHz is generally dedicated to communi-
cation between ambulance and hospital personnel for directing
treatment of patients prior to arrival at a hospital or treatment
facility. This channel is for emergency medical care of the sick
or injured, and information exchanged on this channel should be
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Table 8. VHF Frequency Utilization
Type of Frequency Usage
Communications Local Out-of-Area
Ambulance «————— s Hospital 155.340 MHz 155,340 MHz
Ambulance «—————Dispatch Local Dispatch* 155.280 MHz
Ambulance «——————p-Ambulance Local Dispatch* 155.280 MHz
Hospital <«—————— Hospital 155,280 MHz
MCC 4————— »MCC 155,280 MHz ‘
MCC ««——— Hospital 155,280 MHz !

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, or alerting.

The frequency 155.280 MHz 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 Table 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 rooms, am-
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 frequéncy allocation performed by
the Command and Control Center (see Section 6.0Q) personnel allows
greater design simplicity at ﬁhe 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.

7.4.1. Medical control radio system configurations

This subsection illustrates some of the more common EMS
system radio configurations utilizing the allocated VHF 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 MHz has been made for the dispatch-
ing of the mobile unit. Figure 46b depicts the "other half" of
the system which pertains to medical control,

In the UHF range, as discussed earlier, EMS communication is
used in frequency pairs in either half- or full-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 control 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. But, as the size, complexity, and needs of the systems
become more complex, so must the equipment requirements become
more complex. With the addition cf duplexing equipment at both
the resource hospital and the command and control center, the
total system becomes full-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 configuratidn allows field personnel,‘
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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 wvehicular repeater'as shown in this
figure changes the operation from duplex to simplex (push~-to-
talk). Figure 49b shows a vehicular repeater with full duplex
operation. For full duplex operation, four frequencies are
required. In this configuration, the base station transmits on
fl, which is then repeated on f2 to the portable unit. The
portable unit transmits on f3, which is repeated on £, to be
received by the base station. The justification for full duplex
in the repeater mode must be carefully analyzed at the local
level prior to implementation.

Figure 50a depicts the medical control portion of a full
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 operatibnal dissatisfaction
with 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 contrclled full duplex base station.

7.5. Ancillary EMS System Considerations

7.5.1. Coded sguelch 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, recall, 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 transmission, 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 sguelch is to eliminate nuisance inter-
ference caused by other users of the radio channel.

Interference may be categorized as two types, either nuisance
or destructive. Nuisance interference is caused by undesired
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‘
receiver's carrier squelch in the absence of the desired signal.
It will 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. 1In this case, the desired signal contains one or more
coded tones in addition to the voice information. The receiver
is eqﬁipped with a decoder that responds only to the proper tone’
coding. When a signal with the corréct coding is detected, the
receiver squelch opens and the desired signal is heard by the
operator. However, the squelch 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 as, or even more powerful than, the desired signal at the
receiver. The effect on the output of a receiver without coded
squelch is either severe garbling of the desired signal or total
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"capture" of the receiver by the other signal. In the second
case, only the undesired signal 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. In this case, the squelch is not
opened since the other signal does not contain the proper tone
coding. Because the receiver is guiet, the operator may not know
that a message was sent; the message will 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 "continuous tone-coded
squelch system" (CTCSS) depicted in Figure 5l1. 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 signal, no voice emits from the speaker.
‘When the tone is present on the frequency, then the speaker turns
on anéd communication on that frequency will be heard.

RADIO FREQUENCY : TONE X
RECEIVER r———lﬂ
TONE X DETECTOR

RADIO FREQUENCY TONE X
RECEIVER h—-———(]
10 TONE DETECTOR

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 squelch", Most manu-
facturers cf 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 in radio systems.
A few of these are briefly discussed below:
Selective Calling and Recall: 1In a system with selective calling,
the mobile and/or base station is equipped with tone-encoder
equipment capable of generating a number of different code com-
binations. The desired gode 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
"recall" feature which alerts field personnel to a message when
they are outside of the vehigye. In the recall mode, the receipt
of a properly coded signal causes activation of a call-indicator
light, the horn, headlights, or dome lights of the car to inform
the attendent that the base station has called.

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. In 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 also. A simple encoder
at the dispatch point generates a tone when the push-to-talk
switch on the microphone is actuated. 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 ré-
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 employed, as 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 efficient
as the touch tone (dual tone multifrequency) because of the radio
time and interference created in dialing seven digit codes. The
dial confiquration is also more prone to falsing than the dual
tone multifrequency (DTMF) code.

DIGITAL RADIO
Sos FREQUENCY N! DTMF
900 | |TRANSMITTER , RECEIVER | DIGITAL »c(]))
7 with DECODER
ENCODER 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 spéaker. The decodexr can be reset in a
number of different ways (i.e., timed absence of the carrier
frequency, replacing the handset in its cradle. ., .). |

To prevent selective signaling devices from interfering with
other scations 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 sztandards 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.

DIGITAL f
GO0 RADIO FREQUENCY DECODER
883| | TRANSMITTER
with DIGITAL CODE RECEIVER
ENCODER PAGER

Figure 53. Paging base station.

The paging receiver is designed to be lightweight, rugged,
and to require very little 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 call
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 voting

In EMS radio systems, the base station's 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 vehicle 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
signal area such as a building, alley, rolling or mountainous
terrain.

An arrangement which provides more reliable communications
is one which employs several "satellite" 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 signal areas. Radio links or wirelines
are usually employed to convey the receiver audio output to its
proper destination, the base station or a mobile repeater.

It is highly probable that several satellite receivers can
pick up the same transmission. When this occurs, several audio
output signals are produced and appear at the base station or
repeater unit. In geneiral, the audio output signals of the
different receivers vary in signal-to-noise ratio, amount of
distortion, and thus, overall guality. If 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”, and the unit which performs
the voting operation is called a "selector" or a "comparator". A
block diagram of a radio system whic¢h employs receiver voting is
shown in Figure 54. Transmitter voting is also employed in
certain sysfems where a single base station does not provide
adequate radio coverage. However, plans to employ voting systems
should be subjected to extensive design/engineering scrutiny
before a final course of action is decided upon.

I
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SATELLITE
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Radio Links 7] BASE_STATION
T Wire Lines RECEIVER | TRANSMITTER
SATELLITE \\
RECEIVER po
e
T > 5 N
\ o CONSOLEI
PORTABLE gt
RADIO T
RECEIVER

EMS COMMAND and CONTROL CENTER
or
MEDICAL CONTROL CENTER

Figure 54. Satellite receiver voting system.

7.5.3. Scanning receivers

A scanning receiver provides the capability of monitoring
several -channels automatically 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 signal is detected on a channel, say Channel 1, the
receiver "locks on" 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 1is scanning
with priority. This feature is useful where it is desirable to
give one channel precedence over the others when signals appear
simultaneously on the "priority" channel and another one. If 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, 1f a "non-priority" channel is being
held (as a result of a signal) and a second signal then appears
on the priority channel, the non-priority channel is released and
the priority channel held. For the case where no signal is
detected on a sampled channel, the scanning 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, several, or all of the
channels may be monitored, allowing operaticnal 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 vehicle two-way radios also offer scanning, with or without

priority, as an optional feature for the receiver section.
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7.5.4. Radio ~ telephone patching

Phone patch permits a telephone line to be selected for
patching to a radio channel, allowing a mobile unit to communi-
cate directly with a telephone caller. The caller may then
transmit and receive directly over the radio channel without
operator assistance. This feature allows medical personnel to
provide medical control and direction to field personnel from
their offices, homes, or other locations which have a public
telephone. In the past, many phone patch systems utilized the
voice operated relay (VOX) to interconnect the telephone and
radio circuits. Recent changes in nationél telecommunication
policy and technological advances in switching 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 patching

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., an
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. 1In
this case, the dispatching center serves as a two-way repeater
station between the vehicles.

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 total involvement of Emergency
Medical Services. As stated previously, 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 plamnner 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 EMS system
which will meet the needs of the community.

Many pitfalls await the planner. He or she sheuld base the
proposed system on the requirements of the community and not on
the gadgetry of the industry. Intelligent 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.l. FCC Licensing and Frequency Coordination

The statutory authority that governs communication and

provides the basis for the management of. electromagnetic frequen-

ies is the Communications Act of 1934, which established the FCC
and delineated its primary functions. It 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 thdse in use for EMS activities.v Its
rules and regulations govern many areas of radio usage (called
"services" by the FCC). Of primary concern to the EMS communi-
cation systems planner is the "Special Emergency Radio Service"
Section 89, Subpaft 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 governmental public safety entities.

The FCC must allocate frequencies among commercial broadcast
uses and non-broadcast services, such as EMS radio. The Commis-
sion's prime resource, the radio spectrum, is not available
without prior restrictions, since the Federal Government claims
large portions of spectrum space for military and other oper-
ational uses. The Interagency Radio Advisory Committee (IRAC)
under the National Telecommunications and Information Admini-
stration performs functions similar to the FCC's, but only for
Federal agencies. Further limiting effects are the many inter-
national treaties which apportion spectrum space world-wide.

Many 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 usexrs. The Special Emergency Radio
Service is only one part of the land-mobile group. The most
recent FCC action to make additional frequency allocations for
all land-mobile radio services was the granting of frequencies
between 470 MHz and 512 MHz on a shared basis with UHF TV Chan-
nels 14-20 in the ten largest U,S. metropolitan areas, through
approval of FCC Docket 18261. Also made available to land-mobile
radio were the frequencies between 806 MHz and 960 MHz, thrdugh
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 discussions with radio equipment manufacturers, the
system planner must have a general knowledge of certain basic
provisions of FCC regulations that deal with such factors as
frequency stability, type of emission, power levels, and accept-
able equipment. The full provisions are set forth in Part 89 of
Volume V of the FCC Rules ahd Regulations. A copy of these pro-
visions may also be obtained from the Superintendent of Documents,
U.S5. Government Printing Office.

In the interest of reducing or eliminating harmful interfer-
enée, the FCC has established certain operating rules. These
rules are basic to any station operation. Supervisory functions
should ensure that these rules are constantly observed. Violations
of these rules could result in violation notices from the FCC and
possible suspension of service. The basic operating rules are as
follows:

o All communications, regardléss of their nature, are

restricted to a minimum practical transmission time.

o Continuous radiation of an unmodulated carrier is pro-
hibited except when required for test purposes.

o The FCC expects each licensee to take reasonable pre-
cautions to prevent unnecessary interference. If
143

e e e A il e i



harmful interference does result, the FCC may require
any or all stations tq monitor the transmitting fre~
quency before transmission.

o} 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 this 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 EMS system planner. Fregquency
coordination is the process of selecting and recommending to the
applicant and the FCC one or more radio frequencies for use by
the applicant, which will cause the least amount of interference
to other radio users, to the applicant himself, and yet provide
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 (usually local 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 action, an 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 report, based
on a field study, of the likelihood of jinterference, Section
89.15(c) of the FPCC 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
least, contacted. In addition to the Frequency Advisory Commit-
tee ohe of the features of the new medical communication services,

is the FCC requirement 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 coordination, an 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 plan,
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A.2. FCC Rules and Regulations for Special
Emergency 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 emergency site and during trans-
portation to a receiving hospital. The following is not intended
as a recommendation for system 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 configuration
and equipment design which is most appropriate for the needs of
that spacific 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
field is Docket No. 19880, entitled Medical Communications Ser-
vices. In summary, 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 physicians are eligible to apply under this cate-

gory, as well as public health organizations, nursing homes,
instituticons 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 calling, or
mutual aid communications; five frequency pairs are available
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primarily for general medical requirements and, secondarily, fox
felemetry and other medical or medically related communications;
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 High Frequency (VHF)
allocations are retained and are augmented by three additional
frequencies to be used for one-way medical paging systems. Two
frequencies in the VHF band are also available for low-power
extended portable radio operations.

Mobile relay operations are authorized in the UHF band, and

are presentiy precluded in the VHF Special Emergency Radio Serxvice

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
PCC 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 coordination of all EMS
operations under area-wide communications plans. The common
communication system approach for all of the area users promotes
full 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 contemplate that licensees of present EMS communication
systems operating in the VHF band will be required to change the
radio frequencies they are now using. It is believed, however,
that the advantages of being part of an area-wide consolidated
communication system will encourage the change.

Most of the present EMS radio communications are in the VHF
band and will continue to be for some time. Many of these systems
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are providing satisfactory sexryice for the agencies they axe
serving. Others may desire to take advantage of the changes in
the FCC rules and regulations, but need to amortize their invest-
ment in 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 Volume 5, Part 90.
Jan. 2, 1979 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 allow the planner
to take advantage of rule changes which have recently provided
far greater EMS operational flexibility.

To encourage maximum, efficient ulifization 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/feceive, respectively, on each of these eight
frequency pairs with transmitters operated on the
468 MHz frequencies.

o 90.53 (k) (15) (iii) . . . base or control stations 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-1l.

UHF Frequencies (MHz)

1. Command Control and Dispatch: (Also available for intrasysien
and intersystem mutual assistance),
Base and
Mobile Mobile Only
462,950 467.950
462975 467.975
If, Doctor Talk and Telemetry:

a. Base and Mobile - Mobile Only Channel Name Primary Use *1
463.000 468.000 MED Cne Telemetry
463.025 468.025 MED Two Telemetry
463,050 468.050  MED Three Telemetry
463.075 468.075 MED Four Doctor Talk
463.100 468.100  MED Five Doctor Talk
463.125 468.125  MED Six Doctor Talk
463.150 468,150  MED Seven Doctor Tatk
463,175 468.175  MED Eight Doctor Talk

*1 NOTE: Orn a secondary, noninterfering basis all eight medical

*2 NOTL:

channels may be utilized for any other pérmissible cor-
munications consistent with FCC Rules and Regulations
for the Medical Communication Service,

For example:

Authorized users may use these frequencies for admini-
stration of organizations und facilities engaged in medi-
cal services operations,

Mobile Only *2
458.025
458.075
458.125
458,175

Only available for retransmission of telemelry or voice
from a portable (maximum power out of' 1 W) through a
vehicular repeater to u medical taility,

Hotes on
LHI Frequencies

Concerning all ol these Trequencies, no_fiequency coordination is

required since the user proups are obligated to vperate on a nonin-

terference

2, Thebusea
wired and

basis,

nd control stations must employ equipment which is both
equipped: to- transmit and receive on at least four of these

eight MED chinnels it” biomudical telemetry operation is employed
or three for Dovtor Tulk only. These channels may be in one base

station or

split up in any combination of base stions as long ay all

of the required chunnels are used.

FCC Rules and Regulations Summary

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 output are not required to be
wired and equipped for operation on all eight MED channels,

5. The FCC and DHEW require that an EMS user be licensed in accord-
ance with a State, Regional or Area plan for coordinating communi-
cations.

6. No paging is allowed in UHF

HB Frequencies (MHz)

1. Base and
Mobite  Ref. FCC Notes Comments
155.160 16
155.175 16
155.205 16
155.220
155.235 16
155.265 16
155.280
155.295 16
155340 , .. ...... ., .May be. designated by common consent

as an intersystem mutual assistance fre-
quency under and area will plan,

155.325 16 Hospitals and ambulances which submit
155.355 16 a showirg that they render coordination
155,385 16 and cooperation  with hospitals -are
155.400 16,17 authorized on this frequency.

11, One Way Paging
Base Only
152.0075
163.250
157450 .. ...., ... .Power output limited 1o 30 W.

1. Through Vehicular Repeater (Mobile will transmit on a regular
mobile frequency —Ref. FCC Note 14)

Mobile Onig*
150775 . .. .. ... . . .Power output limited to 2,5 W from
150.790 portable
LB I'requencies (MHz)
I, Base and
Mobile Comments
33.02. . 00000 . . . .Shared with highway maintenance
33.04
33060 i h vy -.Shared witi highway maintenance
33.08
3310.,...........Shared with highway maintenance
3790, ..., ....., . .Shared with highway maintenance

3794........ .+ .« .Shared with highway maintenance
3798, . v vl Shared with highway maintenance

4742, ... i Only for national organizations estab-
lished for disaster relief

I1. ONE WAY PAGING
BASE ONLY
3564. ... oo Limited geographically
3568, ... i (Ref. FCC Note 13)

Notes on
HB Frequencies

(16) Any application for use of this frequency shall be accompanied by
a signed. statement that all licensees in other radio services who
operate on a frequency 15 kHz removed and are located 15 to
35 mi from the proposed base station have been notified of the

applicant’s intent to file, together with an acceptable engineering’

report -indicating that harmful interference to the operation of
existing stations will not be caused. In no instance will an applica-
tion'be granted where the distance between the proposed station
and the existing base station is less than 10 mi.

Other Frequencies

2000 to 3000 bHz Fixed Ref. FCC Note 9
2726 Hz Bass/Mobile Shared with State Guard
3201 kHz Base/Mobile
72.00 to 76.00 mHz . 'Operational Fixed Ref. FCC Note 3
952MHz & above . . .... ..., .« +« .Ref. FCC Rules

. Paragraph 89.101

This Table taken from IEEE
Transactions on Vehicular
Technology, November 1976.
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o 90.53(b) (15) (iv) Multi-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 suitable 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 all of the base
stations and that any mobile unit located anywhere in
area of coverage can activate each of the base frequen-
cies inveolved.

As originally conceived, the UHF frequencies for EMS were to
be assigned in a block to each licensee and shared between all
EMS systems. Under these provisions, mobile EMS units (ambu-
lances) would have the capability to communicate 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, i.e., capability for all respec-
tive transmit 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

channels from any IOCationkcoverédkby the UHF common system.
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Based upon appeals from equipment manufacturers, when the
rules implementing Docket 19880 were first published, the FCC
imposed requirements that mobile and portable station (ambulance)
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 telemetry is not
employed in the system) of the medical frequency pairs, This
relaxation of the eguipment capability requirement for base and
control stations'has been interpreted as an authorization for the
creation of EMS communications systems having no more than three
or four channel capability in any particular area of an EMS
region or throughout a particular EMS region. The FCC has
licensed UHF EMS communications systems embodying only four MED
channels. These limitations cause compatibility problems 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. 1In addition, the split system
apprbach 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.
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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
only, and the planner is encouraged to modify these or other
forms to suit the data~gathering needs of the local program.

Form B~1l. Call Handling, Systems, Procedures and Policies
ITtem # : Description

1, 2 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-agency and/or multi-jurisdictional
communication centers, joint switchboards, or
other entities providing communications service
for public safety and private agencies that provide
emergency services to the public. '

3 The names, addresses and hours of call answering
and/or dispatch services provided to other agencies.

4 The address of the telephone answering locations
if it differs from Item 2,

5, 6 The telephone number (s) of all agencies completing
this form.

7 This item can be answered with the assistance of
the telephone company representative (if neces-
sary). What is needed is a description of the
type of answering and call handling equipment--
such as a key set with the number of buttons and
model number, a cord board with similar data, or
other answering system~-that is used in each com-
munication center.

8, 9, 10 Self explanatory.

11, 12 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 911 center will have to be able
to dial the number, or to radio-encode those
receivers upon receipt of an emergency call.
Similarly, if the current system rings a bell or
activates an alarm upon dialing an emergency
number, the 911 center will also have to bhe able
to dial, or to radio~encode, that number.

13 -This item requests information on whether the
system is one stage (call answering and dispatch-
ing are performed by the same person) or two
stages (call answering and dispatching are per-
formed by two people).
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14

15
16,

17,

18

This item requests information an the type of
equipment used to record incoming calls. Although
information on an analog magnetic tape system is
desired, even if calls are logged by hand, that
informatjion should be proyided,

Self explanatory

These items are used to provide an initial basis
for determining the types of calls or events to be
handled by the 911 centers.
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Ittt i

CALL-HANDLING, SYSTEMS, PROCEDURES, AND POLICIES

Location of Agency (address)

Names and Locations of Served Agencies

Location of Agency

Hours of
Provided Ser

vice

Number|Street | City | County From

To

ne Answering (address)

Number (s)

Phone Number (s)

Type of Telephone Answering Equipment

Number and Type of Incoming Lines

Form B~-1.
1. ©Name of Agency
2.
3.

Name of Agency
4. Location of Pho
5. Emergency Phone
6. Administrative
7.
8.
9.

Manned Answering Positions per Shift:
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Day

Afternoon

Midnight




Form B-1 (Continued)

10.

11.

12,

13.

14.

15.

l6.

Tie Lines to Other Agencies
No. of Connected Agency Address of Agencies
Lines Number|Street | City | County
Is Communication System a Radio Alert Type? If yes,

describe below

Is Communication System an Alarm Type?

below

If yes, describe

Number of Communications Stages? One Two Three

Type of Call Recording Equipment

Emergency Power System and additional capacity (if any)

List Types of and Codes of Calls and/or Events Handled as

High Priority or Emergency
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Form B-1 (Continued)

17. Do these calls correspond to those you want handled by 911?

Yes No

18. If no, describe additions to or deletions to the list
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Item #

Form B~2. Telephone Tally Instructions

Description

1.

CITY~-Enter the name of the city in which the
tally is conducted,

DATE--Enter the date on which the tally is con-
ducted.

POSITION-~Enter the assigned position number at
which the tally sheet is being utilized. For
example, if there are two positions at which tele-
phone 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 "2 OF 2."

SHIFT--Enter the eight~hour time span representing
the shift over which the tally is conducted.

TRUNK--Incoming and outgoing calls must be tallied
according to the type of trunk (line) 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.

0 Direct Line--A trunk or set of trunks which
consist of special direct lines.
0. 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.

MESSAGE TYPE-~Calls on a particular set of trunks
must be further classified according to type of
message. The four telephone message types are:

o Dispatch--A call that results in the dispatch
of a unit.

o Multiple call--A call pertaining to an incident
which has already been reported,
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o Administrative--A call pertaining to the
administrative business of the department,

o Other--Any call that cannot be classified into
one of the types previously described,

HOURLY TALLIES~-This portion of the sheet is used
to tally telephone calls actually processed in the
dispatch center. However, before beginning the
tally, the appropriate hour time~-interval must be
entered in each of the eight column headings under
HOURLY TALLIES (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
accordlng to type of message, and flnally, accord-
ing to hour of the shift (day). As a result of
this procedure, a specific box will be located in
which to record the tally. Each call is tallied
by entering a small vertical tick mark. Typical
examples are:

) =1 T = 5
M =2 : Wl = 6.

The tally should be conducted for a period of from
21 to 28 days to ensure that the collected data are
representative of the actual telephone 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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ot

City/County:

TELEPHONE TALLY SHEET

DATE:

POSITION: OF '

SHIFT:

TRUNK

MESSAGE TYPE

HOURLY TALLIES

T1:

DISPATCH

MULTIPLE CALL

ADMINISTRATIVE

OTHER

DISPATCH

i MULTIPLE CALL

ADMINISTRATIVE

OTHER

T3

DISPATCH .

MULTIPLE CALL

ADMINISTRATIVE

OTHER

| T4

DISPATCH

MULTIPLE CALL

ADMINISTRATIVE

OTHER

T5:

DISPATCH

MULTIPLE CALL

ADMINISTRATIVE

OTHER

<iv, 5 S e iy
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Form B-3. Radio Tally Instructions

Item # ' Description

1. CITY-~Enter the name of the city in which the tally
is conducted.

2. DATE~-Enter the date on which the tally is con-
ducted.

3. POSITION~--Enter the assigned position number at

which the tally 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 "2 OF 2."

4., SHIFT--Enter the eight-hour time span representing
the shift over which the tally is conducted. T
5. ‘ FREQUENCY~~Radio messages must be tallied according

to the frequency (channel) on which they are ‘
processed. Space is provided to record up to four
fregquencies (i.e., Fl, F2, F3 and F4). However, if
any or all frequencies have been given a specific
name, this name must also be entered in the
FREQUENCY column.

6. ‘ MESSAGE TYPE-~-Messages on a particular frequency
must be further classified according to type.
The five radido 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 ox
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 gne of the types previously described.

It is important to note that a message, as defined
for the traffic tally, consists of the two-way
CCﬁVLEGﬁt*Oﬁ, between a dispatcher and a unit lo-
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
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dispatcher would then xelay the required infor-

mation back to the unit. Eyen though there was,
a time lag between these two conversations, they
must be counted as only one message,

HOURLY TALLIES~-This portion of the sheet is used
to tally radio messages actually processed in the
dispatch center. However, before beginning the
tally, the appropriate hour time-interval must be
entered in each of the eight column headings under
HOURLY TALLIES (e.g., 8-9, 9-10, etc.). Once this
has been caompleted, 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 finally, according to

hour of the shift (day). As a result of this
procedure, a specific box will be located in which
to record the tally. 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
21 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

1s primarily dependent upon the accuracy with which
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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City/County:

RADIO TALLY SHEET

DATE ¢

POSITION: OF

SHIFT:

FREQ

MESSAGE TYPE

HOURLY TALLIES

Fl:

DISPATCH

STATUS CHANGE

COORDINATION

REPEAT

OTHER

F2:

DISPATCH

STATUS CHANGE

COORDINATION

REPEAT

OTHER

F3:

DISPATCH

STATUS CHANGE

COORDINATION

REPEAT

OTHER

Fé:

DISPATCH

STATUS CHANGE

COORDINATION

REPEAT

OTHER




Form B-~4. Ranking of Alternativyes

The use of thigc is explained in Section 6.4.6.

. H
Benefit Measures Alternative Number ‘

=
N

J
314516t 7]8]7¢9 4‘
-

Installation Costs

"Facility Costs : |

Personnel Costs , '

Monthly Telephone Costs

Costs to Telephone Companies ~ 4

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 Ranking
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ac:
ACD:
ALS:
ALERT:
ALI:

ANI:
APB:
APCO:
ASCII:
ASTRA:

BPS:
BSC:,

dE:-

dBm:

dBW:
dc:

‘DCS:

APPENDIX C. ACRONYMS

Alternating Current

Automatic Call Distributor ,
Advanced Life Support or Advanced Life Support Services
Automated Law Enforcement Response Team

Automatic Location Identification

Amplitude Modulation

Automatic Number Identification

All Points Bulletin

Associated Public 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 S
Common Control Switching Arrangement
Closed~-Circuit Television

Coronary Care Unit or Critical Care Unit
Cooperative Dispatch Center

Channel Guard

Calling 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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DDD:
DID:
DOD:
DOT:
DTMF:

FCC: -

FEMA:
FET:
FM:

HEAR:
HF:
HYSIS:
Hz:

Direct Distance Dialing

Direct Inward Dialing

Direct Qutward Dialing

U.S. Department of Transportation
Dual-Tone Multifrequency

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

Emer¢ency Medical Technician

Emergency Medical Technician--Ambulance

Emergency Medical Technician-~Paramedic

Emergency Medical Technician-~~Intraveneous Certified
Emergency Operating Center

Emergency Resource Coordination Center

Effecﬁive Radiated Power B
Electronic Switching System

Federal Communications Commission. Also, Frequency
Coordination Center

Federal Emergency Management Agency
Field-Effect Transistor
Frequency Modulation

Hospital Emergency Administrative Radio
High Frequency

Highway Safety Information System

Hertz '
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IF:
ICU:
ICX:
IRAC:
ISPERN:

kbps:
kHz:

LMR:
LEAA:
LETS:
LOS:
LP:
LSU:

MAST:
MC:
MCC:
MCCU:
MF':
MHz:
MICT:
MICU:
MRCC:

NCIC:
NCMCN::
NEAR:
NHTSA:
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

Military Assistance to Safety and Traffic - or in Traffic
Megacycles per second (now called megahertz) )

Medical Communications Control

Mobile Coronary Care Unit

Medium Fregquency

Megahertz

Mobile Intensive Care Technician

Mobile Intensive Care Unit

Medical Resource Coordination Center

National Crime Information Center

North Carolina Medical Communications Network
National Emergency Aid Radio

National Highway Traffic Safety Administration
National Law Enforcement Telecommunications System
See definition in Glossary Section, Appendix D
Number Plan 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 Telecommunications Policy, Executive Office
of the President

Private Automatic Branch Exchange
Private Branch Exchange

Private Line (telephone term)
Pulse Modulation

Public Safety Answering Point
Press to Talk or Push to Talk

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
Volume Unit
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APPENDIX D, GLOSSARY

Advanced Life Support Services (ALS): The advanced care services
which may be planned for areawide EMS systems, In addition
to all of the basic life support services, ALS includes
sophisticated transportation vehicles with full equipment
and telemetry staffed by advanced EMTs (paramedics) pro-=
viding onsite, pre-hospital, and inter-hospital mobile
intensive care, specialized physician and nursing staffs,
operating critical care units and emergency departments, and
full regional implementation of the 15 mandatory components.
The specific 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,
and 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, wounded, 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 Information Interchange (ASCII): An
eight level code for data transfer adopted by the American
Standards Association to achieve compatibility between data
devices. : :

Amplitude Modulation (AM): 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
representation bears an exact relationship to the original
information.

Analog Communication: System of telecommunications used to
transmit information other than voice which is sometimes
used in telemetry.

Antenna: A system of wires or electrical conductcrs employed for
reception or transmission of radio waves., Specifically, a
radiator which couples the transmigsion line or lead-in to
space for transmission or reception of electromagnetic radio
waves.
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Assigned Frequency: The frequency appearing on a station author-
ization from which the carrier frequency may deviate by an
amount not to exceed that permitted by the frequency toler-
ance,

Associated Public Safety Communications Officers (APCO): A non-
profit public-safety radio users group composed of admini-
strators and communications technical, operations, and com-
mand personnel.

Attenuation: The decrease in amplitude 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.
Audible Signal: Buzzer or bell to indicate an incoming call.

Audio: Pertaining to freguencies corresponding to a normally
audible sound wave. These frequencies range roughly from
15 cycles per second (Hz) to 20,000 cycles per second (Hz}.

Automatic Location Identification (ALI): Identifies the origin
of a telephone call. )

Automatic Number Identification (ANI): Equipment for recording
the calling party's number without operator intervention.

'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 a
particular purpose. Thus, a bandwidth of a television
station is 6 MHz.

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 alse used as limits (3 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 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
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communication equipment, operated by a complement of EMTs
(EMT~-A) , availability of a category IT hospital facility
staffed by physicians and nurses with emergency medical
knowledge and skills and full areawide implementation of the
15 mandatory components.

Beeper: A pocket paging receiver that emits a beepiné sound upon -
receiving a page 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 (Biételemetry): The technique of monitoring
or measuring vital biological parameters and transmitting
data to a receiving point from a remote location.

Broadcast: Radio or television transmission intended for general
reception.

Cable: One or more insulated or non-insulated wires used to
conduct electrical current or impulses. Grouped insulated
wires are called a multi-conductor cable.

Call Answerer: Thé»initial answerer of a 911 call (911 operator).

Call Referral Method: Calling party is referred to a secondary
number.

Call Relay Method: The call is answered at the PSAP where the
‘ pertinent information is gathered and then the interrogator
relays that information to the proper public safety agency
for their action. This can be accomplished by radio,
intercom, telephone, etc.

Call Transfer Method: The PSAP interrogator determines the
proper responding agency and connects the user to that
agency which then performs the necessary dispatching in
accordance with prearranged plans with cooperating agencies.

Called Party Hold: Enables the public safety answering point to

control the connection for confirmation and tracing of a
call.
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Cardiopulmonary Resuscitation: Opening and maintaining a patient
airway, providing artiZicial ventilation by reserve breath-
ing, and providing artificial circulation by means of exter-
nal cardiac compression,

Carrier: A radio signal generally without voice or other infor—.
mation imposed.

Carrier Frequency: The frequency of an unmodulated electromag-
netic wave.

Categorization: A system used to identify the readiness and
capabilities of a hospital and its entire staff to receive
and treat, adequately and expeditiously, emergency patients.
The four basic American Medical Assoc. categories are: I-
Comprehensive, II-Major, III-General, IV-~Basic. Many states
have developed their own categorization schemes which iden-
tify levels of urgent and critical care capability.

Central Office: Sometimes called a wire center; the smallest
subdivision within the telephone system which has relatively
permanent geographic boundaries.

Certifying Agency: The State or Local Agency responsible for
assuring that the EMT-A and the EMT-P are qualified to
provide their respective levels of emergency medical service.

Channel, Point-to-Point: A radio channel used for radio communi-
cations between two definite fixed stations.

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 of
transmission and the tolerance for the .frequency of emission.

Class of Service: Service order code designation of the combi-
nation of telephone service features (equipment, calling
area units, dial types) to which business and residence
customers subscribe. It is used for rating, identification
and assignment purposes.

Coaxial Cable: A transmission line in which wie conductor
completely surrounds the other, the two being coaxial and
separated by a continuous solid dielectric or by dielectric
spacers. (Also called coaxial line, concentric line.)

Code Dialing: A method of signaling or encoding and decoding
address codes by the use of standard telephone dial.
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Command and Control Center (Central Communications Operations):
A gystem which is responsible for establishing communi-
cations channels and identifying the necessary equipment and
facilities to permit immediate management and control of an
EMS patient. This operation must provide access and availa~
bility to public safety resources essential to the effective
and efficient EMS management of the immediate EMS problem.

Ccmmunications Center or Dispatch Center: (See Command and Control
Certer.)

Communications Subsystem: Comprises those resources and arrange-
ments for notifying the system of an emergency, for mobil-
izing and dispatching resources, for exchanging information,
for remote monitoring of vital indicators, and for the radio
transmission of treatment procedures.

Communication System: A collection of individual communication
networks, transmission system, relay stations, contrcl 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, be
technically compatible, employ common prccedures, respond to
control, and operate in unison.

Comparator: A circuit which compares two or more signals, and
selects the strongest.

Console: A cabinet housing electronic circuitry normally used in
controlling other equipmerit such as transmitters and re~
ceivers installed at remote lccations.

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 scmetimes
referred to by various trade names such as Private Line or
PL (Motorola 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/cff, etc., used to control a
mobile radio.
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Coordination:; That process by which something is arranged to
happen in a good acceptable way in contrast to random
occurrence.

Couple: To connect two circuits so that signals are transfeired
from one to the other.

Coverage:; 1In a radio communications system, the geographic area
where reliable communications exist; usually expressed in
terms of miles extending radially from a fixed radio station.

Critical Care Unit (CCU): Sophisticated advanced treatment
facilities in large medical centers and hospitals that
provide advanced definitive care for the most critically ill
patients. They are available for the diagnosis and care of
specific patient problems including trauma, burn, acute
cardiac, premature birth, poisoning, drug overdose and acute
alcohol toxification, phychiatric emergencies and other °
specialized medical surgical problems.

Critical Patient Categories: Patients requiring care for trauma,
cardiac, burns, poisonings, nlcholism, drug overdoses, acute
psychiatric 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
specialized clinical requirements of these patients,

Crystal: An item of electronic equipment which determines the
exact frequency to be utilized in a radio system.

Data Base: A collection cf kasic and factual information orga-
nized for rapid search and retrieval.

dBm: Decibel referenced to one milliwatt. Employed in communi-
cation work as a measure of absolute power. Zero dBm equals
one milliwatt.

dBW: Decibels relative to orne watt (1 dBW = 30 dBm).

Decibel .(dB): A unit which expresses the level of a power value
relative to a reference power value. Specifically, the
level of a power value P relative to a reference value PR
in decibels is defined as 10 loglO (P/PR) , ‘

Decoding: The conversion and recognition by the addressed

(receiving} unit of numerical address codes that have been
transmitted through a communications system.
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Dedicated Telephone Line: A telephone wire pair, originating at
one point, and terminating at another point, operating in a
closed circuit. Also called private line.

Defibrillator: An electrical device used to eliminate fibril-
lation of the heart muscle, by the application of high
voltage impulses.

Demodulation: The process of recovering the mod:zlating infor-
mation from a modulated signal (wave).

Dial Tone First: Allowance of a 911 or "O" Operator calls to be
completed without the deposit of a coin.

Digital: Data represented in discrete, discontinuous form, as
contrasted with analog data represented in continuous form.

Digital Dial Code: A signaling technique generally used in EMS
VHF radio systems to bypass a receiver CTCSS system. 1In
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: All 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 calls,

Direct Leased Land Lines: Dedicated or designated point~to-point
wire circuits (telephone) used in transmitting voice or data
communications. (see Dedicated Telephone Line).

Direct Trunking: An arrangement where a telephone line con-
nection has no intermediate points before reaching the final
destination (called) party.

Directional Antenna: An antenna which radiates radio waves more
effectively in some directions than in others.

Directivity: The value of the directive gain of an antenna in
the direction of its maximum value. Specifically, in the
level of a power value p relative to a reference value PR
in decibels is defined as 10 loglO (P/PR).

Dish: A type of antenna, that is, parabolic reflector, used
extensively in microwave systems.

179



Distortion; Unfaithful reproduction of audio or video signals
due tq change occurring in the wave form of the or.ginal
signal, somewhere in the course it takes through the trans-
mitting and receiving system. Classified as linear, fre-
quency, and phase distortion.

Doctor-interrupt: The ability of a physician or hospital communi-
cator to interrupt the voice or telemetry transmission from
a radio in the field.

DOT/EMT~A Basic Course:. A nationally accepted -course for EMT-A
instruction.

Dual-Tone Multifrequency (DTMF): The simultaneous generation of
two audio tones generally compatible to AT&T's standard
"touch-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 eguipment 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 frequency band is required for each
direction of transmission. (For comparison, see simplex
operation.) :

Duplexed/Multiplexed 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
transmission and reception of information, The device may
transmit voice or EKG information (not concurrently) and
receive voice transmission while transmitting.

Duplexer: A device which is used in radio equipment to provide

simultaneous transmit and receive capabilities (full duplex
operation) on a single antenna.

Effective Radiated Power (ERP): Antenna input power times the
gain, in dB, of the antenna, expressed in Watts 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 tirace of a
patient's electrical heartbeat. Sometimes EKG or E. G.

Electromagretic Energy: The type of energy contained in any
electromagnetic wave such as radio waves, visible light, X-
rays, gamma rays, or cosmic rays. The frequencies of radio
waves go to about 300,000 MHz.

Electromagnetic Radiation: Radiation associated with a peri-
odically varying electric and magnetic field that is travel-
ing at the speed of light, including radio waves, light
waves. X-rays, and gamma radiation.

Electromagnetic Wave: A wave of electromagnetic radiation,
characterized by variations of electric and magnetic fields.

Emergency Call: 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 stder to prevent loss of life or aggravation
of physiological or psychological iilness 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 appropriate geographical area under emergency
conditions (occurring either as a result of the patient's
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 (police, 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 "EMS
Policy" may be achieved through this body.

EMT-A: Emergency Medical Technician~-Ambulance.

EMT-Paramedic:

Persons trained 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

Encoding: The
telephone
pulses of
link.

control.

conversion of numerical address codes, such as
number of message codes, into a format of on-off
audio tones for transmission over a communications

Exchange: A defined area, served by one or more telephone
central offices, within which the telephone company fur-
nishes service.

Facility: A communications facility is anything used or avail-
able for use in the furnishing of communications service.

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 a
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 signal~-to-noise ratio of the channel falls below
a specified minimum.

Federal Communications Commission (FCC): Established by the
Communications Act of 1934 to formulate rules and regula-

tions and

to authorize use of radio communications.
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Fixed Service: A service or radio communication between speci-
fied fixed points.

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
combination of fixed and mobile stdtlons and directed to a
specified location.

Forced Disconnect: The capability of the 911 center to discon-
nect a 911 call to av01d caller jamming of the 1ncom1ng
phone lines.

Frequency: The number of cycles, repetitions, or oscillations of
a periodic process completed during a unit of time. The
frequency of waves in the electromagnetic spectrum (radio
waves) is designated in hertz (Hz), kilohertz (kHz = 1000 Hz).
One hertz is equivalent to one cygle 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 (FM): 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 signal being transmitted.

Gain, of an Antenna: The effectiveness of a directional antenna
in a particular direction, compared against a standard
(usually 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 develops electrical voltage from
mechanical energy.

Geographical As31gnméht- The assignment and use of communi-

cations channels on a dedicated user ba51s w1th1n a glven
geographlc area.
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GHz: gigahertz (billion hertz or 107 cycles per second),

Goal (See Objective): A statement of broad direction, general
purpose, or 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 interference 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 channel" and "duplex channel”),

Half~-Duplex Operation: Generally refers to the ability of di-
recting medical 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 half the wavelength of the
signal being transmitted or received. Mounted vertically,
it has a donut~shaped pattern, circular in the horizontal
plane.

Harmful Interference: Any emission, radiation, or induction
which endangers the functioning of a radio service or seri- p
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 mpfe points for immedi-
ate use without patching or switching' (see Direct Leased

Land Lines). The hot line can employ various signalling f

configurations (i.e., ringdown, audio amplifiers, etc.).

Inpedance, 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 2

own, then all 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 from the antenna.
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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: 1In connection with bio-medical telemetry, this
word descrilbes the momentary transmission of EKG and/or
voice signais 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 (key).

kHz: kilohertz (thousand hertz or thousand cycles per secdnd).

Land Line: A generic term which refers to the public-switched
telephone system.

Land Mobile: Communications between base stations and mobile
radios, or from mobile radio to mobile radio.

Land Mobile Service: A moiile service between base stations and
land mobile stations, or betwéen land mobile stations.

Law Enforcement Assistance Administration {LEAA) = An adminis-~

tration under the United States Department of Jiustice estab-

lished by the Cmnibus Crime Control and Safe Streets Act of
1968.

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

functionsg (i.e., base station control, ... .). The leased
line configuration bypasses the public telephone switching
system.

Line of Sightk(LOS): An unobstructed path between two péints.
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 de51gned to be connected in tandem
- with other channels or cirxcuits.

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 Serviee<Area' That area that can be called w1thout incur-
ring multimessage unlts or a. toll charge.

’Loss: A decrease in power suffered by a signal as it is trans-

mitted from one point to another, usually expressed in deci-
bels.

Medical Control Center (MCC): A communications capability,‘usu-
ally located at a hospital, which provides for medical
control and direction of an EMS system.

Medical Communications Control Console: An installation of

communications control equipment, 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.

Medical Control: Directions and advice provided from a centrally

_designated medical facility staffed by approprlate 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 satelllfe facility

- personnel. :

Medical-Emergency: 'An unforeseen event“affecting,an individual
in such a manner that a need for immediate medical care
(physiological or psycholicgical) is created.

 Microwave: A term applled to radio waves in the frequency range

of 1,000 megahertz and upward. Generally defines operations

in Lhe region where distributed-~constant circuits enclosed
by conducting boundaries are used instead of conventional

‘lumped-constant circuit components.

Mobile Intensive Care Unit (MICU): An emergency vehicle unit
staffed by paramedlc or Mobile Intensive Care Nurses.

eMobile Relay. A fixed station eﬁtabllshed 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 rece1v1ng fre-
quencv of the moblle stations.
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Moblle Relay Station: A base station established for the auto-
. matic retransmission of mobile service radio communications
which originate on the transmitting frequency of the mobile
stations and which are retransmitted on the rece1v1ng fre-
quency of the mobile stations.

Mobile Repeater Station: A mobile station in the mobile 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 of radio communication between mobile
and land stations, or between mobile stations.

- Mobile Station: A two-way radio station in the mobile service

intended to be used while in motion or during halts at un-
specified points.

Mobile Transmitter: A mobile transmitter is a radic transmitter
designed for installation in a vessel, vehicle, or alrcraft
and normally operated while in motion.

Mobile Unit: A two?way—radio equipped vehicle or person; Also,
sometimes the two-way radlo itself, when associated w1th a
vehicle or person.

Modem: A contraction of modulator-demcdulator.

Mocdulation: The process of modifying some characteristic of an
electromagnetic wave (called a carrier) 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
current, an alternating current (providing its frequency is
above the highest frequency component in tihe modulating
wave), or a series of regularly repeating, uniform 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. Also known as multi~frequency system.

Multi-frequency Operation: Equipment capable of operation on two
or more frequencies. These frequencies must be c¢lose together
#85 it is not feasible to have equipment containing low band,
high band, and ultra high band together since separate units
are required for each band.

Multijurisdictional System: A system coverlng more. than one
polltlcal boundary or agency. :

Multipath: The propagatlon phenomenon whlch results in 51gnals
reaching a radio recelvlng antenna by two or more paths
resulting, normally, in a degradatlon of: the orlglnal 31gnal
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Multiplex: Simultaneous transmission of two or more messages in
either or both directions over the same transmission path.

Multiplex Operation: Multiplex 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
capable 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 communications 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.

911 Center: (See Public Safety Answering Point).

NNX: The first three digits of a local telephone number that
uniquely identifies that Ceintral Office switching location
within its Area Code number for nationwide long distance
call routing.

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 (f): An electrical unit of resistance.

Paging: Notification of an individual by means of a selective
calling instrument such as radio, etc.

Patch: A means of connecting one system to another; i.e., radio
to telephone.
’ 188



Personal Radio; A small portable radio intended ta be carried by
hand or on the person of the user. .

Phone Patch: An interconnection between 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.

Portable: 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 consumer's main power needs on a
continual basis.

Private Automatic Branch Exchange (PABX): A telephone switch~
bocard with many stations not individually identifiable to
the telephone company's switching network not requiring an
operator.

Private Branch Exchange (PBX): A telephone switchhoard with many
stations not individually identifiable to the telephone
company's switching network requiring an operator.

Proposal: A written respohse 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, or the travel of a sudden electric
disturbance along a transmission line. Also called wave
propagation.

Public Safety Agency: "Public safety agency" means a functional
division of a public agency which provides firefighting,
police, ambulance, medical, or other emergency services.

Public Safety Answering Point (PSAP): The initial answering lo-
cation of a 911 call. Sometimes called a 911 center.

Push~-to-Talk Operation (PTT) (Press-to-Talk): .In radio or tele~
phone systems, that method of communication over a speech
circuit in which transmission occurs from only cne 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 of
electromagnetic waves withaut a connecting wire.

Radio-frequency Power: The power associated with any signal
consisting of electromagnetic radiation which is used for
telecommunications. ' '

Radio Intexference: Undesired disturbance of radio reception.
Man-made interference is generated by electric devices, with
the resulting interference signals either being radiated
through space as electromagnetic waves or traveling over
power lines or other conducting media. Radiated interfer-
ence is also due to natural sources such as atmospheric
phenomena (lightning). Radio transmitters themselves may
interfere with each other (see intermodulation distortion).

Radio Network: A number of radio stations, fixed and mobile, in
a given geographical area which are jointly administered or
which <sommunicate with each other by sharing the same radio
channel or channels.

Radio Receiver: An instrument which amplifies radio-freguency
(R¥') signals, separates the intelligent signal from the RF
carrier, amplifies the signal in most cases, then converts
the intelligent signal back into its original form.

Radio Relay System (Radio Relay): A point-to-point radio trans-
mission system in which the signals are received and re-~
transmitted by one or more intermediate radio stations.

Radio Station: A complete assemblage of equipment for radio
transmission or reception, or both.

Radio Transmitter: A radio-frequency power source which gener-
ates radio waves for transmission through space.

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 amplify
transmitted radio signals into sound waves.

Referral Method: Calling partyfgeferred to a secondary number.

Regional EMS System: An eméfgency medical service area‘(trade,
catchment, market, patient flow) that provides essentially
all of the definitive emergency medical care (95%) for all
emergencies and for most critically ill 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; (2) 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 small community unable
to provide all of the functional components and 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 will 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 without sufficient economic capability due to a limited
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 received, 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 frdm the
operating console, tc take advantage of improved coverage
offered by a better geographical 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. i

Remote Control Equipment: The aﬁparatus used for performing
monitoring, controlling, supervising, or a combination of
these, a pirescribed function or functions at a distance by
electrical means.

Repeater: A combination of apparatus for receiving either one-
way or two-way communication signals and delivering cor-
responding signals which are either amplified or rebhaped or
both. A repeater for one-way communication signals is
termed a one-way repeater and one for two-way communication
signals is a two-way repeater. P
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Repeater Station: An operauvional fixed station established for
the automatic retransmission of radio 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 limit, is consistent with the
time frame of the objective, and is clearly measurable.

Resource Hospital: A aupervising 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 cowmmuni-
cation linkage between this facility and tha Regional Command
and Control Center which is responsible 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 immediate
problem. In most communities these resources would include
police, fire and emergency medical 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 tele~
phone on a held circuit; this feature is useful when a
calling party has failed to provide all necessary infor-
mation to the answering point before hanging up.

Selective Calling: Encoding devices used to alert, or signal, a
particular individual or groups.. See Channel and duplex.

Selective Routing: Selective routing terminates a call at a PSAP
determined by the location of the calling telephone. This
is accomplished by using a computer to process the calling
telephone number.

Semi-duplex: See "half-duplex".

Sensitivity of a Radio Receiver: The minimum input signal required
in a radio receiver to produce a specified output signal-to-
neoise ratio. This signal input may be expressed as power or
voltage at a stipulated input network impedance.

Signal: The form or variation of a wave with time, serving to

convey the information, message, effect, or other desired
intelligence in communications.
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Signal-to-Noise Ratio: Ratio of the intensity of the desired
signal to that of the undesired noise signal, usually ex~
pressed in decibels.

Simplex (Simplex Operation): Single frequency operation whereby
all base stations and mobiles operate on one common fre-
quency. Transmissions in a simplex circuit can occur in
either direction, but not in both simultaneously.

Simplex Channel: A communication channel providing transmission
in one direction only at any given time (for comparison see
"duplex channel'),

Simplex Channel, Single-~Frequency: A simplex channel utilizing
only one assigned band of frequencies (for comparison see
"simplex channel, two~fregquency").

'Simplex Channel, Two-Frequency: A simplex radio system utilizing
two distinct assigned bands of frequencies (for comparison
see "simplex channel, single-frequency”).

Simple 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 forms of manual or automatic switching from
transmit to receive. Also called simplex. (Compare with
"duplex operation”).

SINAD: The ratio expressed in decibels of signal plus noise plus
distortion to noise plus distortion produced at the output
of a receiver.

Solid State: Circuitry which utilizes transistors and other
similar devices in lieu of vacuum tubes.

Special Emergency Radio Service (SERS): That portion of radio
communications frequency resources authorized for use in the
alleviation of emergency situations. endangerlng life or
property.

Spectrum: Any series of radiant energies arranged in order of
wavelength or frequency. The entire range of electromag-
netic radiation extending from the longest knowit radio waves
to the shortest known cosmic rays

" Squelch: A circuit function that acts to suppress the audio
output of a receiver when noise power exceedlng a predeter-
mined level is present.

Statewide EMS System: A network of EM5 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 signals,

Strip Chart Recorder: An electromechanical device used to make
paperchart recordings of EKG information. Usually uses heat
sensitive paper and a heated stylus.

Subcarrier: A frequency used to generate a modulated wave which
in turn is applied as a modulating wave to modulate ancther
carrier {(e.g., 1400 Hz is used as a subcarrier in ECG telem-
‘etry transmissions).

Switched Network: A complex of diversified channels and equipment
that automatically routes communications between the calling
and called person or data equlpment.

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 destination (called) party.

Task: The smallest increment of self-achievable work that is
identifiable, assignable, and measurable within an immediate
time frame.

- Telecommunications: All forms of electrical transmission of in-
telligence including: telegraph, telephone, radio, and
television.

Telemetry: The sensing and measuring of information at some
remote location and transmitting the data to a convenient
location to be read and recorded.

- 4 NLPAK: ATsT Long-Lines Series 5000 Tariff Offering.

Telephone Line: A telephone line from a telephone company central
office that is connected to key or non-key telephone equip-
ment,

Teletypewriter: An electromechanical device, similar to a type-
writer, such that messages typed on the keyboard of the
transmitter unit are converted into electrical signals,
which when conveyed to the receiver unit, are printed on
paper.

Tone: An audio or carrier of controlled amplitude and frequency
' used in a selective signalling system, or for equipment
control purposps.
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Tone Code: Tone code specifies the character of the transmitted

tone signal required to effect a parxrticular selection orx
function.

Tone Coded Squelch: A system whereby a superimposed tone is
transmitted with the radio carrier to protect against
nuisance type interference.

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 common housing, usually for portable or
mobile use, and employing common circuit components for both
transmitting and receiving. 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 in accordance with pre-
arranged plans with cooperating agencies.

Transistor: An electronic device, similar to the electron tube
in use, consisting of a small 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, coaxial line, or other system of
conductors used to transfer sighal energy efficiently from
one location to another.

Triage: The sorting and classification of the ill or injured to

determine priority of need and apprcpriate care or treatment.

Trunk: A circuit used for connecting a subscriber in a Central
Office to all other services in/out of the switching equip-
ment (e.g., Long Distance Trunk, Operator Trunk, Recorded
Announcement Trunk, etc. )b :

Trunk Line A telephone line whlch termlnates at a switchboard
rather than a telephone.

TSPS: An electronic operatlng position system whereby operator—

handled traffic is routed to its flnal destination via a
central switching machine.




| Two-Way Radio: A radio which is able both to transmit and

receive,

Ultra High Frequency (UHF): Frequencies between 300 MHz and 3000

MHz.

Vacuum Tube: An electronic device used in radio, television,

etc., which consists of an evacuated enclosure containing
twc or more electrodes between which conduction of elec-
tricity can occur.

Vehicular Repeater Station: A mobile station in the mobile ser-

VHF :

vices authorized to retransmit automatically on a mobile
service frequency, communications originated by hand-carried
portable units or by other mobile or base stations directed
to such hand-carried units.

Very High Frequency; frequencies between 30 MHz and 300 MHz.

Voting: Automatic selection of remote radio receiver. All in-

coming signals are compared for signal strength and the
first signal found that meets or exceeds a pre-set level 1s
"voted" or selected and sent to the audio amplifier.

Width, Channel: The difference of the upper and lower frequency

limits of a channel, expressed in Hertz.

Wireline: See Leased Line
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