
•

S

CONTENTS

EMERGENCY MEDICAL SERVICES 1

Summary Chronology A

Radio Frequencies for EMS

Communications in Support of EMS

OTP Letter 10/3/74

OTP Letter 1/31/75

OTP Letter 1/31/75

OTP Letter 1/31/75

NATIONAL POLICY FOR "911" EMERGENCY TELEPHONE
NUMBER 2

Summary Chronology

The Challenge of Crime

Bulletin No. 73-1

Nine-one-one (a Handbook)

93rd Congress at the First Session

Telephony (article) 7/22/74

TV CAPTIONING FOR THE DEAF

Summary Chronology

A

3

A

FCC Public Notice

OTP Letter 12/2/71

OTP Report for the Record

Memorandum for M. Farrell 2/3/1972



•

•

•

-2-

OTP Letter 7/13/73

FCC Letter 8/1/73

OTP Letter 4/19/74

FCC Letter 5/22/74

Memorandum 9/11/74

Senate Congressional Record 2/20/75

POINT PAPER IN BIOLOGICAL EFFECTS PROGRAM

Summary Chronology

ERMAC Members

Side Effects Working Group

Summary of ERMAC Overview of the
Program to Assess Biological 
Effects of Nonionizing Radiation

Summary - Nervous System and
Behavioral Effects of Nonionizing

Electromagnetic Radiations

Participants

Summary Data

WHO Collaborating Centre

4

A

ID



b

•

0





•

SUMMARY CHRONOLOGY -- EMERGENCY MEDICAL SERVICES

1. Early 1960's: Professional, lay and government organizations

urge upgrading communications in support of emergency medical

care.

2. January 20, 1972: President's State of the Union Message.

By improving communications, transportation and training,

"We must develop new ways of organizing emergency medical

services."

3 March 2, 1972: President's Health message recommended "using

new technologies to improve emergency care systems.

4. March 1972: IRAC establishes special Ad Hoc Group (IRAC

Ad Hoc 120) to undertake extensive review of communications

aspects of EMS. This group was reconstituted on April 24,

1973, and on October 3, 1973, issued its report:

"Communications in Support of Emergency Medical Services"

(see #6.).

5. March 1972: National Academy of Sciences' National Research

Council issues report from its Committee on Emergency

Services. Report recommended creation of Interagency

Coordinating Group on Emergency Communications be established

in Executive Office under leadership of OEP (later HUD) and

OTP.
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6. October 3, 1973: IRAC Ad Hoc 120 releases report on

communications in support of emergency medical services.

Report recommends:

A. National EMS calling and "scene of action" frequencies

be established in the VHF and UHF bands, and that use

of a collective call sign be adopted.

B. Seven paging frequencies be designated to serve both

the general medical community and EMS.

C. Seven frequencies be designated for "command and control"

(including the dispatching function) communications with

ambulance drivers. One pair of frequencies is made available

for additional use as common "working frequencies" at a

scene of action."

D. Twenty frequencies (i.e., ten pairs) be designated for

biomedical telemetry, medical data handling (voice,

digital, analog, multiplex, etc.) and doctor's talk

circuits.

E. Two frequencies be designated for hospital to resource

management center communications, including hospital-to-

hospital communications.

F. An Emergency Medical Radio Service be established (similar

to and having the same protection as the Police and Fire

Radio Services).
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7. November 9, 1973: FCC Chairman Burch praises IRAC and

OTP efforts, promises quick action.

8. November 16, 1973: Congress passes "Emergency Medical

Services System Act of 1973." Law makes funds available,

DOT and HEW charged with implementing the Act.

9. March 13, 1974: OTP letter to FCC urges prompt action on

IRAC report and recommendation.

10. June 6, 1974: DOT requests OTP develop federal standard

for biomedical telemetry. This is necessary to facilitate

compatibility among systems regardless of geographical area

or units involved. Pending development of such a standard,

DOT and HEW are holding funding of systems in abeyance.

11. July 2, 1974: FCC Report and Order (Docket 19880) draws

heavily on OTP EMS Report and is in essential agreement

therewith. Principal differences are in some of the

nomenclature and the FCC Report provides for greater

flexibility than the OTP Report had recommended.

12. January 21, 1975: IRAC endorses minimum standard for

emergency medical telemetry.
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13. January 31, 1975: OTP forwards standard on medical

telemetry to FCC and DOT.

14. January 31, 1975: As of this date, 4o EMS communications

plans from various state agencies and medical associations

have been filed with the FCC.
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FOR AGENDA -Doc. 16126/1-1.9.120

OFFICE OF TELECOMMUNICATIONS POLICY

EXECUTIVE orricE or THE PRESIDENT
WASHINGTON. D.C. 20504

September 17, 1973

TO: Executive Secretary, IRAC

FROM: L. R. Raish, Convener, Ad Hoc 120

SUBJECT: 'Provision of Radio Frequencies for Emergency Medical Service

(EMS) Telecommunications Operations

On April 24, 1973, the IRAC reconstituted Ad Hoc 120 to develop

recommendations as to how spectrum needs associated with emergency

medical systems telecommunications should be satisfied.

In approaching its assigned task, Ad Hoc 120 undertook to deal with

immediate EMS requirements and those foreseen through the early 1980's
time frame. Consideration was given to the practical fact that today's
equipment can be expected to still be in operating condition for the
next several years. It is clear that EMS is a rapidly emerging service.
It is developing at the "grass roots" level and, probably more than
most other types of service, is reflective of local circumstances.

The findings of the attached report are based on broad general concepts.
Accepted as inherent in EMS systems is the understanding that there is
or should be a multiplicity of interactions between involved groups at
the local level. The cooperation and coordination of these groups are
necessary for the development and operation of an efficient emergency
medical service. Telecommunications systems in support of EMS would
be expected to serve the purposes of (1) getting the patient into the
EMS system, (2) providing coordination within the EMS system to the
patient's benefit, and (3) providing for efficient management of EMS
resources. Overall, the FCC and OTP are expected to determine the
tqlecommunications policy that may be involved, with other agencies of
thp Federal Government establishing operational standards and dealing
•with those matters under their purview.

The attached report recommends that:

1. National EMS calling and "scene of action" frequencies be
established in the VHF and UHF bands, and that use of a collective
call sign be adopted.

2. Seven Paging frequencies be designated to serve both the
general medical community and EMS.

Seven frequencies be designated for "command and control"
(inci-din8 Ge dispatching function) communications with ambulance
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dfivers. One pair of frequencies is ma
de available for addition

al

use as common "working frequenc
ies" at a "scene of act

ion".

4. Twenty frequencies (i.e., ten 
pairs) be designated for biom

edical

telemetry, medical data handling 
(voice, digital, analog

, multiplex, etc.)

and doctor's talk circuits.

5. Two frequencies be designated
 for hospital to resourc

e

management center communications, 
including hospital-to-hos

pital

communications.

6. An Emergency Medical Radio 
Service be established 

(similar

to and having the same protection 
as the Police and 

Fire Radio Services).

In arriving at the forcgoing,
recommendations, Ad Hoc 

120 first considered

the possibility of allocating a 
"band" or "bands" 

of frequencies to be

designated "G/NG" (i.e., joint 
Government and Non

-Government) as

exclusively for EMS telecommun
ications. This approach was aban

doned as

(a) being wasteful 6f spectrum spa
ce, and (b) not 

providing the flexibility

needed for systems planning. Instead, as can be 
seen, a number of

individual frequencies are being 
recommended--these to 

be on a

basis, exclusively (or at least 
priority) for Ens use. As envisioned

by Ad Hoc 120, the designation of 
frequencies in this 

manner will enable

authorities within the States and l
ocal subdivisions 

(such authorities

could range from those of a Pingle 
metropolitan area to a- regional area

of several counties) to develop EMS 
system telecommun

ications responsive

to the local needs.

Despite an expanded Federal Government 
involvement, Ad Hoc 120 

found

that EMS telecommunications is still 
and will remain 

essentially a

local and/or a regional function. However, planning is
 essential to

relate needs to goals, to prevent un
necessary duplicatio

n of effort

and waste of resources, and to insure s
ystem coordinatio

n and compatibility.

This "local" effort should be developed w
ithin the States 

and political

subdivisions based on national criteria, 
standards, and guidelin

es. From

-a telecomvunications regulatory sta
ndpoint, most of EM

S is expected to

continue to come under the purview of the 
FCC.

In his message vetoing S.504* on August 1
,1973, the Preside

nt confirmed

that "localness" is the preferred course
r EMS when he s

aid:

"At my direction this administration ha
s been engaged 

for the

past two years in an effort to demonstrat
e the effectivenes

s

of various types of emergency medical 
services. Some $8 million

was budgeted for this purpose last fisc
al year, and $15 

million

should be spent Jr the current fiscal y
ear. I strongly bel

ieve

* S.504 contained provisions that, if appr
oved, would have fav

ored the

Federal Government in many aspects of EMS.



• 1,••••• • ••••••• •••••• • , ,.:.i.,17,77.17-77".77-777TrrrI
PITTITIRmsww

-3-

•••••

the federal role should be l
imited to such a demonstrat

ion,

effort, leaving the states and 
communities free to establi

sh

the full range of emergency ser
vices systems that best s

uit

their varying local needs."

Account was taken of the potential of 
frequencies in the 900 MHz

 region

for EMS comunications. While the state-of-the-a
rt can accommodate

some EMS functions in the 900 Ellz band 
now, the requirements to

 be met

require a systems approach in meeting 
them. Accordingly, when enough

firm information is available on 
telecommunications capabilit

ies,

growth, and planning in the 900 MHz, a 
new EMS study should be

 undertaken.

In the meantime, to meet pressing needs 
for EMS communications

, the

attached report proceeds on the basis of 
using both 150 and 450 MH

z .

band frequencies but with particular emph
asis on the latter.

•••

Finally, Ad Hoc 120 did not undertake to 
develop EMS frequency allocat

ions

or assignments on the basis of major disa
sters or catastrophes. Ear-

marking extra frequencies for such purposes 
was considered unrealistic

from a planning standpoint and an inefficien
t application of spectru

m

resources. In lieu, it is expected that such 
contingencies would be .

met through disaster plans and resource m
anagement by the Defense Civi

l

Preparedness Agency which has some 3800 E
mergency Operating Centers

completed and in process throughout the Nati
on.

Ad Hoc 120 submits the attach_d report and 
recommends its approval.

Attachment
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INTRODUCTION AND SUMMARY

In his Health Message to the Congress of March 2, 1972, President
Nixon stated:

"Emergency Medical Services: By using new technologies to
improve emergency care systems and by using more and
better trained people to run those systems, we can save
the lives of many heart attack victims and many victims
of auto accidents every year. The loss to the Nation
represented by these unnecessary deaths cannot be cal-
culated. I have already allocated $8 million in fiscal
year 1972 to develop model systems and training programs
and my budget proposes that $15 million be invested for
additional demonstrations in fiscal year 1973."

Emergency medical services involve initial treatment of the acutely
ill and the severely injured, reporting of medical emergencies, and
patient care enroute to hospital facilities. Electronic communications
makes it possible to quickly and reliably link ambulances, medical
personnel at the scene of an emergency, and hospital emergency facili-
ties, to enable early diagnosis and treatment of patients.

In making it possible for Emergency Medical Service (EMS) interests to
undertake communication systems planning, certain practical factors
were taken into account, namely:

EMS is a rapidly emerging service.

EMS is developing at the "grass roots" level.

Probably more than most other types of service, EMS
is reflective of local circumstances.

EMS communications of the future will be building from
a base of existing equipment investments.

This report provides for an EMS communications system plan adaptable
to both urban and rural areas. Specifically it provides for:

Establishment on a national basis of common radio
frequencies for use by EMS units at the scene of medical
emergencies, wherever occurring.

Paging systems that would be used not only for EMS but
also to contact members of the general medical community.

DC 74.5741
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Dispatching and direction of ambulance operations, e.g.,
instructions to drivers as to which hospital to go and
traffic conditions enroute.

Communication networks for biomedical telemetry (electro-

cardiagrams, for example), medical data handling, and
special voice circuits for exclusive use by doctors.

The importance of communications to effective, affordable EMS is now
firmly established. Therefore, the report includes a recommendation
that an Emergency Medical Radio Service be established and accorded
the same status and protection throughout the United States as Police
and Fire Radio Services.

This report, prepared by the Interdepartment Radio Advisory Committee,

in coordination with members of the Federal Communications Commission

staff and the medical community, deals with EMS communications, including

the provision of radio frequencies, as foreseen up to the early 1980's

time frame. It was approved by the Director of the Office of Telecom-

munications Policy and forwarded to the Chairman of the Federal

Communications Commission on October 3, 1973.

•
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PART I - GENERAL 

There is a ground swell of concern and interest in improving emergency
medical services. This has been prompted by the realization, among
other things, that (a) the Armed Forces having proved that the number
of otherwise fatal combat casualties could be reduced substantially by
prompt medical attention, the same concepts could be applied effectively
to civilian life throughout our country, and (b) aerospace technology,
with some adaptations, could make this a practical undertaking. The
effectiveness of these concepts has been dramatically demonstrated by
projects and programs such as the Illinois Trauma Center, the Jacksonville,
Florida, Houston, Texas, and San Francisco, California EMS Systems, and
the Military Assistance to Safety in Traffic (MAST) program.

In the past six years there has been an outpouring of activity among
professional, lay, and governmental organizations toward upgrading
emergency medical care. Concern over deaths from accidents and other
medical emergencies has been expressed in legislation establishing
national standards for EMS and providing funds for implementation,
research and development. Technology and methodology for delivering high
quality emergency medical care exists for each element of the EMS system.
What is lacking in most areas of the nation is informed cooperative
linkage of elements for optimum performance, and the radio frequency
spectrum allocations which facilitate system development. IRAC Ad Hoc
120' undertook an extensive review of the communications aspects of EMS
as a prelude to preparing recommendations regarding the radio frequencies
needed therefor on a national basis.

An indication of the magnitude of the problem is revealed by the
following quote from a March 1972 Report of the Committee on Emergency
Medical Services of the National Academy of Sciences--National Research
Council (NAS/NRC):2

"Accidental injury and acute illness generate a staggering
demand on ambulance and rescue services, allied health
personnel, physicians, and hospitals for the delivery of
emergency medical services. Accidental injury is the
leading cause of death among all persons aged 1 to 38.
Each year more than 52 million U.S. citizens are injured,
of whom more than 110,000 die, 11 million require bed care
for a day or more, and 400,000 suffer lasting disability at

1. The Interdepartment Radio Advisory Committee (IRAC) established a
special Ad Hoc group to undertake a study of and to prepare a report
on Emergency Medical Service (EMS) communications. This group became
known as "IRAC Ad Hoc 120".

2 Roles and Resources of Federal Agencies in Support of Comprehensive
Emergency Medical Services - published by Committee on Emergency
Medical Service, National Academy of Sciences-National Research
Council, March 1972.
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a cost of nearly $3 billion in medical fees and hospital
expenses and over $7 billion in lost wages. Those re-

quiring hospitalization occupy an average of 65,000 beds
for 22 million-bed days under the care of 88,000 hospital

personnel. This hospital load is equivalent to 130 500-bed

hospitals. Of the more than 700,000 deaths from heart

disease each year, the majority are due to acute myocardial

infarction and more than half of these deaths occur before
reaching a hospital. Approximately 40 million persons seek

care each year in hospital emergency departments as a result
of accidents, heart disease, stroke, poisoning, diabetic

coma, convulsive disorders, and many other illnesses."

In furtherance of the foregoing quote, research by members of Ad Hoc
120 revealed certain nationwide statistics for 1972 as follows:1

EMERGENCIES ON THE NATION'S HIGHWAYS
INJURIES REQUIRING TREATMENT  3,551,000

DEATHS  54,862

ALL INJURIES REQUIRING TREATMENT   51,229,000

REQUIRING BED CARE  12,014,000
DEATHS  114,864

HEART ATTACK DEATHS  744,658

With regard to these statistics, a consensus of the medical profession
indicates that:

20% of the annual accidental deaths could be prevented
with prompt and proper care at the accident scene and with
efficient transport to a suitable medical facility.

25% of the annual cardiovascular deaths could be prevented
through public education and the provision of prompt and
adequate treatment.

15% of the 56,000 highway deaths could be prevented as demonstrated
in Illinois by a statewide system of regional hospital trauma
centers supported by a communication network and an ambulance
system of highly trained attendants.2 The major improvement can
be expected in rural areas where 65-70% of highway deaths occur.
In 1971 it was reported by the Division of Emergency Health Services
of USPHS, DHEW, that while 50% of the ambulances in the country
had two-way radio communications with a dispatching center, less

1. National Safety Council: Accident Facts 1972.
2. Boyd, DR.; Mains, K.D.; and Flasher, B.A.; A Systems Approach 

to Statewide Emergency Medical Care, J. Trauma 13:276, 1973.

•
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than 10% maintained such communications with hospitals or their
emergency departments.1

The first 30 minutes following an injury or heart attack
generally determines whether the victim will live or die.

The policy of the Administration in the area of emergency medical
service is clear. In his State of the Union Message to Congress of
January 20, 1972, the President said:

"We must develop new ways of organizing emergency medical
services and of providing care to accident victims. By
improving communications, transportation, and the train-
ing of emergency personnel, we can save many thousands
of lives which would otherwise be lost to accidents and
sudden illnesses. Such improvement does not even require
new scientific breakthrough; it only requires that we
apply our present knowledge more effectively."

The foregoing was reinforced on March 2, 1972 in the President's Health
Message which stated:

"Emergency Medical Services: By using new technologies to
improve emergency care systems and by using more and
better trained people to run those systems, we can save
the lives of many heart attack victims and many victims
of auto accidents every year. The loss to the Nation
represented by these unnecessary deaths cannot be cal-
culated. I have already allocated $8 million in fiscal
year 1972 to develop model systems and training programs
and my budget proposes that $15 million be invested for
additional demonstrations in fiscal year 1973."

There is hardly a Federal Government department or agency that is not
involved in some aspect of EMS.2 DOT, HEW, and Defense Departments3,4
plus the Veterans Administration clearly have major investments and
resources to be devoted to EMS. Other Federal departments and agencies
with major responsibilities or interests in EMS include Justice, Labor,
HUD, Agriculture, Interior, Commerce, NASA, the Special Action Office
of Drug Abuse Prevention, and the Appalachian Regional Commission.

1. Ambulance Services and Hospital Emergency Departments, USPHS, HSMHA,
DHEW, Rockville, Md., 1971.

2. Roles and Resources of Federal Agencies in Support of Comprehensive
Emergency Medical Services" - published by the National Academy of
Sciences-National Research Council, March 1972.

3. The Defense Civil Preparedness Agency has 3803 State and Local
Emergency Operating Centers completed and in process throughout the
nation. (See Appendix C.)

4. The Highway Safety Act of 1973 in Sections 212A and 212B requires DOT
to study greater citizen involvement in highway safety programs,
including accident detection, reporting, and response. While not
specifically stated, EMS is assumed to be included (and clearly
should be).
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The NAS/NRC has recommended that an Interagency Coordinating Group on
Emergency Communications be established in the Executive Office of
the President under the leadership of OEP1 and OTP for coordination
of resources of all Federal agencies whose support of communications
systems is related to the roles of emergency response agencies at the
local, regional, state, and national levels.2 The major EMS activities,
however, will take place within the states and their political sub-
divisions. The capabilities developed and used on a day-to-day basis
are for the most part the same resources which mobilize to meet widespread
emergency and disaster needs. For communications purposes, many such
operations will be under the purview of the Federal Communications
Commission. Federal Government departments and agencies will be using
EMS systems extensively and dovetailing their operations as appropriate
with local authorities. Thus EMS systems involve an intermix of
"Federal Government and non-Federal Government" interests. EMS systems
further involve intermixes of public-safety capabilities, whether
public or private, including volunteer agencies.

It is not the purpose of this report to discuss the entirety of EMS
but only to develop background that would help identify the telecom-
munications requirements thereof that would, in turn, identify the
radio frequency requirements from now through the early 1980's time
frame. This general background section has been -included to present
some feeling for the scope and critically important nature of the
subject of EMS, and to establish that the interests involved are truly
"Government and non-Government".

1. Since the disestablishment of OEP in mid-1973, responsibility for
planning emergency response to disasters is with the Federal Disaster
Assistance Administration, Department of HUD.

2. Roles and Resources of Federal A encies in Sus.ort of Com rehensive
Emergency Medical Services - published by the National Academy of
Sciences-National Research Council, March 1972.

•

•

•
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PART II - TELECOMMUNICATIONS ANALYZED

In his testimony before the House Subcommittee on Public Health and
Environment on March 15, 1973, Dr. John S. Zapp, Assistant Secretary
for Legislation, HEW, described community emergency medical services asfollows:

"Community emergency medical services consist of the
detection and reporting of medical emergencies, initial
care, transportation and care for patients enroute to
hospital facilities, medical treatment for the acutely
ill and severely injured within hospital emergency depart-
ments and provision of a linkage to continued care and
rehabilitation. Emergency medical services are composed
of elements which should be organized into a balanced
system at the local level. This system is part of the
community's total health care delivery system, and there-
fore must be planned for in conjunction with that total
system and should provide immediate access to that system
through appropriate diagnosis, treatment, and follow-up care."

Accepting the foregoing as a definition of EMS, the members of Ad Hoc 120then analyzed the needs of the medical and health professions for emergencytelecommunications services. In summary, these professions require tele-communications to permit:

1. Human health emergencies to be immediately reported toappropriate community agencies which manage and control
health resources and services.

2. Appropriate health resources to respond to such human
emergencies at anytime and wherever they may occur.

3. Recognition of the need for (and more immediate response
to) health resources and services to life threatening
emergencies within a time period which will insure the
greatest saving of lives and limbs.

4. Health agencies and professionals to marshall their
individual and collective resources (staff, equipment,supplies) and coordinate their responses in the shortesteffective time to meet any human need including catastrophicevents.

5. Health agencies and physicians to provide guidance anddirection to others on the scene of a human emergencypending arrival of trained health personnel.

1. Hearing before the Subcommittee on Public Health and Environment ofof the Committee on Interstate and Foreign Commerce, House ofRepresentatives on the "Emergency Medical Services Act", Serial No. 93-8,March 15, 1973.
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6. The coordination of emergency health services with other
emergency service systems within the community through
Emergency Operation Centers or other means.

7. Special health resources (emergency departments, intensive
care and coronary care units, burn and trauma facilities
etc.) to be utilized to their most effective degree.

8. Transmittal of all appropriate vital human physiological
information necessary during any emergency to the proper
monitoring and decision making health professions and their
centers.

9. Collecting, recording, and documenting information on human
emergencies in order that emergency health care systems can
review, revise and reorganize, as necessary to meet changing
conditions and needs.

10. Safe transfer of acutely and chronically ill patients between
health care facilities.

11. Optimum use of health resources in preventing or mitigating
adverse medical effects of human emergencies.

An analysis of these requirements in graphic form is set forth in Appendix A
hereto. An EMS system provides services affecting the sequence of events.
The capability of the resources and the quality of their performance relate
to the results, i.e., facilitate definitive medical care and faster patient
recovery.

Telecommunications in support of EMS appear to fall into the following
categories:

1. Messages related to reducing response time, i.e., dispatching
and controlling the movement of emergency vehicles (Radio
and/or wire).

2. Messages related directly to the patient and his care, i.e.
medical telemetry and a "doctor's talk" channel (Radio).

3. Extensions of both 1 and 2, above, from the emergency vehicle
to the actual location of the patient, e.g., in an apartment,
in a field, or on a boat, etc. (Radio).

4. Messages necessary for effective coordination and preparedness
for reception of the patient, i.e., intra-hospital, hospital-
to-hospital, and Resource Coordination Communications (RCC) Center
(wire/radio).

•
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5. Paging systems to call individuals and mobilize medical
personnel. While these are now mostly "beep" systems,
two-way portable radio paging is the desired objective
(Radio).

6. Interface with police, fire, and other local government
agencies (Radio and wire).

7. Disaster situations (Radio and wire).

Not included in the above are the communications that would be used for
entering the emergency response system. Undoubtedly the telephone will
continue to be the primary means of "reporting" an emergency medical
situation remote from the hospital. The national emphasis on implementa-
tion of the universal telephone emergency number, "911"1, provides the
citizen an easily remembered emergency access number. A by-product of the
"911" system is expected to be a marked increase in coordination among
agencies providing emergency services. This increased coordination has
been taken into account in the body of our study by the frequent references
to use of Resource Coordination Communications (RCC) Centers. The members of
Ad Hoc 120 agreed that "reporting", being so diverse in its origins, and
since "911" service was expanding anyway, should be excluded from its
study because it is an entirely different subject.

A multitude of technological advances have been made in the telecommunica-
tions area (as well as in other areas) and are pertinent to EMS. Heretofore
the relation of such advances to an entire EMS system has not always beenconsidered. Among such technological advances are:

1. Citizen access to the response system through the universal
emergency telephone number ("911"), and Resource Coordination
Communications (RCC) Centers to manage the dispatch of ambulances,flow of medical information, and control of action taken.

2. Digital communication units and base terminals which have
encouraged the standardization of brevity codes related to
patient care, dispatch, and decision making.

3. Equipment developments for "cellular modes" of communication
in the 900 MHz area.

4. Telemetric monitoring of life signs of patients in medical
emergencies for physicians and technicians in hospitals.

5. Specialized patient transportation units, such as mobile
intensive care units.

1. OTP Bulletin No. 73-1 of March 21, 1973, "National Policy for
Emergency Telephone Number '911'."
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6. Air ambulance operation using both rotary and fixed wing
aircraft. Aircraft can be used for emergencies, routine
transfer of patients between hospitals, transfer of patients
to specialized treatment centers, or even for the transfer
of vital organs and medications.

7. Minicomputers for operation in hospitals and communitation
centers to include management of resources, provide auto-
matic dispatch and routing, and assist in decision making.

8. Television communications between the paramedic at the site
and the hospital physician.

The members of Ad Hoc 120 made a determination that special EMS
frequencies need not be provided for the interface with fire, police,
or other local government services or for disaster situations. However,
FCC Rules should permit these interfaces. In other words, communications
(to interface with police, fire, and other local government agencies and
to cope with disaster situations) should be arranged, it was felt, on
the basis of "operations plans" using established resources available
to "Resource Coordination Communications (RCC) Centers rather than to
attempt to earmark additional separate frequencies for such purposes.
Ad Hoc 120 noted that the Defense Civil Preparednes Agency has
more than 3800 local Emergency Operating Centers completed and in
process throughout the Nation.' There is a requirement for EMS
calling, working, and "scene of action" frequencies for use when
divergent EMS facilities (ambulances particularly) converge in one
area or move from area to area. Frequencies for these purposes are
recommended in Part IV of this report. There would be no reason why
an RCC could not put fire, police, and other emergency vehicles on
these frequencies for rescue communications purposes.

1. See Appendix C.
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PART III - PRESENT SPECTRUM SITUATION 

To date the Federal Communications Commission has provided frequencies
in the 30-50 MHz and in the 155.13-155.430 MHz bands for base and mobile
operations for general emergency medical radio communications. These

frequencies (32 in number) are allocated, however, as a part of the
"Special Emergency Radio Service" which means that EMS must share with

disaster relief agencies, school busses, beach patrols, establishments
in isolated areas, and common carrier standby and repair facilities.

Additionally, seven pairs of base-mobile frequencies in the 460 MHz band

have been provided for ambulance-to-hospital biomedical telemetry systems.

A detailed presentation on frequencies available for EMS purposes is

contained in Appendix B. As indicated therein, not only are the EMS

frequencies shared with other operations in the "Special Emergency Radio

Service", but there are also a number of other limitations. For example,

some of the frequencies are subject to a "doughnut rule", i.e., they cannot

be used by a station located within 40 miles of other stations; others

must receive written clearance from licenses of all stations authorized

to operate on a frequency 30 kHz from this frequency within 75 miles of

the proposed EMS location. Several of the 30-50 MHz frequencies are

shared not only with other "Special Emergency Radio Service Stations"

but additionally with stations in the "Highway Maintenance Radio Service."

An analysis of FCC records reveals that there are 11,721 licensees for

the 32 frequencies available for EMS communications. One frequency

(155.340 MHz) has 1564 licensees for its use, another (155.280 MHz) has

884 licensees. As a national average there are 366.2 licensees per

frequency available for EMS use.

As this report is being prepared, the FCC is undertaking Rulemaking action

in an attempt to improve the medical paging situation. However, the

current picture is that medical paging operations are being authorized

as additional operations on some of the EMS frequencies. Thus, an already

congested situation is being further aggravated by the superimposition

of these tone and voice paging functions. To meet this, the FCC is
considering the assignment of separate frequencies foi tone paging in the

"Special Emergency Radio Service", e.g., 157.450 MHz. (Notice of Proposed

Rulemaking in Docket 19643, FCC 72-1040.) Additionally, the FCC has
recently allocated four frequencies in the 35-43 MHz band fRr one-way

paging operations in the "Special Emergency Radio Service".4

The situation regarding frequencies for biomedical telemetry is brighter.

The seven pairs of frequencies in the 460 MHz band have been assigned on

virtually an exclusive basis for this purpose. Interference between users

1. There is doubt, however, that 157.450 MHz will be selected as it is

in a Worldwide Maritime Mobile Band.
2. First Report and Order, Docket 19327 -- FCC 72508.
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within a given area can be complicated. Since the number of telemetry
operations is relatively small, this is not a major problem at the
present, but will require close coordination as more equipment reaches
the field. Sharing within a given area is a complication, but so far this
has not proved to be a problem either.As indicated in Appendix B (Table 4C),
there is some sharing of these 460 MHz frequencies with other than telemetry
functions in the EMS, e.g., dispatching of ambulances and doctor's "talk"
circuits.

The analysis made by the members of Ad Hoc 120 indicates that the radio
frequency needs of EMS exceed those provided in the FCC Rules and
recapitulated in Appendix B hereto. To a great degree, frequency allocations
for EMS were made before later transportation and communications
technologies made rapid response EMS systems possible. As a result, the
present FCC rules do not facilitate systems development or the adoption
of new technological advances. Besides the excessive sharing with other
functions being involved, present special emergency frequency author.izations
do not provide:

for relays (except by ambulance relay) of EMS information

through strategically located fixed repeaters. Where

effective communications cannot be established between an

ambulance and a central station, an alternate means is

required.

for the Fire, Police, and Local Government Radio Services

(except for limited authorization in the 460 MHz band),
to utilize EMS frequencies in emergency medical situations.

for hospital-to-hospital radio communications in EMS

situations. Under certain emergency situations, hospital-
to-ambulance voice communications as well as hospital-to-

hospital communications are needed to coordinate patient

care.

-- for an EMS "scene-of-action" or national calling frequency
so that EMS vehicles from different jurisdictions can
communicate with each other.

for the often times particularly different requirements of
remote and rural areas. (Often involving mountainous or
otherwise hazardous terrain.)

for the interface of EMS communications with public service
agencies,such as the U.S. Coast Guard that may become
involved jointly in emergency medical incidents.

•
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for air ambulance operations. There is growing use of
air ambulances utilizing both fixed and rotary wing
aircraft. These aircraft must operate in the civil air
complex and also be able to communicate with the ENS
system on the same basis as a ground ambulance.

for data telemetry with commentary at VHF.

for the use of a collective or joint call sign.
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PART IV - EMS RADIO FREQUENCY REQUIREMENTS AND 
RECOMMENDED ALLOCATIONS 

In considering the frequency needs for EMS, it becomes apparent that
the crucial matter to observe is that telecommunications provides the
means by which the various subsystems of a total EMS are brought
together in a coordinated fashion. It might be said that no truly
effective EMS can be formed without communications. Although many
of the medical functions, ambulances, hospitals, emergency departments
may exist and are in place, they have not been systematically related.
Telecommunications serves this requirement; although the requirement
will vary from community to community, depending on local needs.

Ad Hoc 120 identified the essential elements of a functional EMS as

related to both rural and urban EMS population densities. These

elements include trained personnel using appropriate diagnostic and

therapeutic equipment, acting under remote medical supervision, for

on-the-scene treatment (with stabilization of the patient) and, finally,

transport of the patient to definitive medical care in a hospital emergency
department or a physician's office. It became clear that coordination
could best be managed from a centralized regional Resource Coordination
Communications (RCC) Center which could receive calls and be responsible

for making an appropriate response of resources, acting under medical
supervision, for such on-the-scene treatment. The sophisticated require-
ment of such an RCC could vary depending on the community. For example,
in a rural area, it may actually be the "all-night" cafe, the local
telephone operator, or the sheriff's home, whereas, in a large city, it
may be a complex operation involving many dispatchers and supervisory
personnel.

Ad Hoc 120 tried to identify and bring into focus the special character-
istics of EMS that distinguish it from the considerations that previously
have been given to the Special Emergency Radio Services in general. Two
features seemed prominent:

1. The need for frequencies dedicated specifically to EMS
because of the critical element of time involved in delivery
of life-saving procedures in most emergency medical situations,
and

2. The complex interactions of large numbers of people or groups
in providing emergency care. In the truest sense, the emergency
medical services system becomes a "system" involving a multitude
of actions and interactions between the patient, providers,
consumers, and political jurisdictions, including the various
Federal Government agencies and departments as described in
Part I of this paper.
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The EMS, while an extension of the usual health delivery system, differs
in one important way. The usual direct personal doctor-patient relation-
ship is modified to one in which the patient must be treated by trained
paramedical people in the field, operating under remote physician
supervision, until the patient is transported to a hospital for compre-
hensive medical treatment. Couununications permits selection of one
hospital appropriate to the condition of the patient, while the hospital
can be alerted and placed in readiness for the particular case.

Several identifiable functions were found which require frequency
allocations beyond those now provided in the Federal Communications
Commission (FCC) Rules. The need for Government/non-Government (G/NG)
spectrum allocations became obvious. The approach of Ad Hoc 120 was
to consider the needs of today--using today's technology, equipment and
dollars to implement EMS systems telecommunications that would be viable
into the 1980's. Thus, we considered the several functional categories
for possible frequency allocations. Although the number of incidents
in an urban area generally establishes the number of frequencies required
to prevent interference and system saturation, the distance in the rural
areas influences the preferred wavelength or frequency. An additional
important consequence is the need to continue use of existing communi-
cations equipment while developing and implementing the optimum system
concepts.

Our concept of operation in the present consideration was that EMS
must be planned and implemented at the community level. The community
is defined to be the natural catchment area, or area for implementation
of a total EMS system which serves the urban and rural population
densities in this country. Thus, our planning is conceived of a multitude
of self-sufficient EMS communities which join and span a state or
several states. We proposed that allocations be made to a community on
the basis of an area-wide coordinated implementation plan, using frequency
coordinators required to meet the specific system requirements of that
geographical area served by the community. Frequency coordination of
this type is required to insure the compatibility of all public services.

Thus, we have specified maximum numbers of frequencies on a functional
"need" basis, but will leave it to communities to determine operational
allocations and frequency utilization within rules and policies that are
determined by the FCC and the Office of Telecommunications Policy (OTP).
At the same time, we have tried to recognize the need to communicate
between resource management centers of adjacent communities in the time
of national or other disasters.

Ad Hoc 120 borrowed from the experience of other public-service agencies
and the Armed Forces in search and rescue activities to identify require-
ments for calling and on-scene-of-action frequencies, and a collective
call sign. These will provide compatibility between adjacent EMS systems
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on a nationwide basis, and also permit communications between agenciesresponding to emergency situations. This recommendation recognizes theneed to relate to other emergency services. Experience has indicatedthat a common calling or emergency frequency is needed to establishinitial contact, with an equally important need for scene-of-action
frequencies available to coordinate activities at the scene of an
emergency.

Ad Hoc 120 recommends that the following frequencies be made availableon an exclusive (or at least on a priority) basis for use by both
Government and non-Government (G/NG) interests for EMS functions as
indicated and in a manner most appropriate to meet community needs:1

1. "National" EMS "common" calling and scene-of-action frequencies:

155.340 MHz - (15 kHz channel) reallocated from existing hospital
routine and administrative communications use, however, hospitals
would be qualified to continue to use 155.340 MHz as the new
"common". Existing hospital usage would be moved over to another
service, e.g., business radio.

2.

463.175 MHz (25 kHz channel) - Presently unallocated.

Paging 

43.64 MHz (20 kHz
paging channel.

152.0075 MHz (15 kHz
splinter channel.

150.775 MHz

150.785 MHz 

449.950 MHz 
and amateur

channel) - Presently a non-Government

channel) - Presently a non-Government

- Presently Government

- Presently Government

(25 kHz channeling) -
band.3

449.900 MHz (25 kHz
and amateur band.3

449.850 MHz (25 kHz
and amateur band.3

channeling) -

channeling) -

military ,2

military •2

Government Radiolocation

Government Radiolocation

Government Radiolocation

•

1. To facilitate the administration of the "NG" aspects of EMS telecom-
munications, it is recommended that the Federal Communications Commission
establish an "Emergency Medical Radio Service" that would be similar to
and have the same protection as the Police and Fire Radio Services.

2. Limited to use with 5 watts ERP only.
3. Some area restrictions may be required due to existing Government

radiolocation operations. •
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3. Command and Control (including dispatchin) to provide
communications with the ambulance driver.'

162.6625 MHz - available for use in simplex mode by emergency
vehicles eligible for independent use operations. Frequency
presently Government non-military.

453.175 MHz 
(Paired)* - Reallocate from "call box" in Local

458.175 MHz Government Service in FCC Rules.

460.550 MHz 
(Paired)* - Already assigned in FCC Rules.

465.550 MHz 

453.025 MHz 
(Paired)* - Also available for use as "common" working

458.025 MHz frequencies at a "scene of action".
Frequencies already assigned in FCC Rules.

4, Telemetry, Data Handling, and Doctor's Talk Circuits. (For use
in ambulance to base (or hospital), and portable EMS units to
ambulance or other relay.) (All already assigned FCC Rules.)1

460.525 MHz 

465.525 MHz 

463.00 MH1

468.00 MHz 

(Paired)*

(Paired)*

All 25 kHz channels.
1. Emphasis is placed on the use of 450-470 MHz band frequencies for both

"command and control" and "telemetry" functions to simplify equipment
planning and design of electronic systems for emergency vehicles.
Telemetry is already concentrated in this band and represents an expansion
upon existing authorizations. Cognizance was taken of the practical factthat in many areas separate ambulance "command and control" and "telemetry"installations would not be required--accordingly use of 450-470 MHz bandfrequencies permits both the "command and control" and "telemetry" functions
to be carried out using a single piece of equipment (e.g. , "command andcontrol" on 453.175 MHz and "telemetry" on 458.175 MHz).

In some areas, particularly rural and mountainous areas, repeaters may berequired to assure adequate EMS communication coverage. It is intendedthat local and/or regional authorities should engineer EMS repeaterinstallations based on their specific requirements using frequencies fromamong those listed herein for "command and control" and "telemetry"functions.



463.025

468.025

463.050

468.050

463.075

468.075

463.100 

468.100

MHz

Mitzi

MH1MHz

MHz))MHz

MHz?MHz

463.150 MHz 

468.150 MHz 

463.125 MHz 

468.125 MHz 

453.075 MH1
(Paired)*

458.075 MHz 

4 
(Paired)*_

58.125 MHz 

453.125 MHz 

(Paired)*

(Paired)*

(Paired)*

(Paired)*

(Paired)*

(Paired)*
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-Reallocate
Government

Reallocate
Government

* All 25 kHz channels.

from "call box" in Local
Service in FCC Rules.

from "call-box" in Local
Service in FCC Rules.

•
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5. Hospital to Regional Resource Coordination Communications 
(RCC) Center (Including hospital-to-hospital)

468.175 MHz (25 kHz channel) - Presently unallocated in FCC
Rules.

155.280 (25 kHz Channel) - Presently authorized in FCC Rules
for hospital-to-hospital communications.

The foregoing radio frequency recommendations are made on the basis of
requirements of a major urban area of a population density of eight million
people. Statistics used were that: (a) For every million people there
would be 200 daily emergency calls for ambulance services or one every
seven minutes.1 (b) Of these calls one-half could be life threatening.
Approximately one-fourth would be for cardiovascular emergencies and 20%
would be the result of accidental or other trauma. (c) About one-half
of the cardiovascular calls would require telemetry, data handling or
some professional guidance. (d) The average ambulance run in urban areas
varies from 5 to 20 minutes but 30 or more minutes are required in rural
areas where 70% of highway deaths occur. (e) In urban areas up to 70%
of ambulance runs to major hospital centers will require an emergency
admission.2

As regards medical paging, the foregoing recommendations are based on
providing service to the entire medical community as a part of EMS--
the philosophy being that a doctor would not be paged unless it were an
emergency of some sort. There are an estimated 400,000 physicians in
the USA of which over 300,000 are in active practice. With the present
concentration of physicians in urban areas queuing of calls occurs,
sometimes with delays of ten to fifteen minutes. The recommendation
for paging frequencies is based on a concept that not more than 400
physicians per frequency in any one area would he realistic.

Conceptually, we anticate that metropolitan areas will find it
desirable to separate the following functional activities in terms
of frequency utilization: (a) dispatching; (b) medical paging (tone/
voice); (c) telemetry and other medically supervised activities;
(d) interagency coordination; (e) on-the-scene communication/calling-
frequencies; and (f) hospital communications related specifically to
EMS. (Note - conceptual diagrams in Appendix A.)

1. Reported for 1971 by New York City Health and Hospitals Corporation,
May 1972.

2. Data from EMS Division, Detroit Fire Department and the Detroit
General Hospital, June 1973.
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We recognize that both municipal and private services must be considered
as operational components of such an area-wide EMS system and that
appropriate interfaces are made best at the community level. Our planning
does not require combination of efforts but does emphasize the need
for a coordination of such efforts. Because of the limited number of
frequencies that can be made available, coordinated EMS planning and
cooperative efforts, based on a systems approach appear to be the best
method of proceeding.

The utilization of frequencies for specific activities within a community
will be determined after an EMS system is specified for the cities,
counties and towns in the catchment area of the community. The attached
diagrams present some of the typical frequency utilizations for such

systems and show the various configurations possible. Each schematic
is intended to present rationale for such a configuration rather than
to suggest any one way or another for community planning.

Appendix A contains some illustrations of systems that could be used
in a metropolitan area. For these illustrations it is assumed that
entry into the "system" will be by telephone (one number, "911", or
special) or by other existing communications. The function of resource
management then could utilize a combination of telephone, hot line,
direct line, microwave or radio. For purposes of discussion, it is
assumed in some cases that the Resource Coordination Communications
(RCC) Center could be functionally removed from a hospital. In other
situations the "hospital" could provide all the required functions.

The dispatching is performed through a base station which dispatches
emergency vehicles throughout the area for the area of the EMS. We
realize that some private systems will prefer to operate in a one
frequency simplex system for shared dispatching with other independent
ambulance services or cities in the area. Conceptually, we expect that
the large metropolitan areas would have traffic density sufficient to
require that the front-end of the vehicle remain "on the dispatch" or
"command and control frequency" for continued command and control. It
is assumed that specialized needs for on-the-scene activities would
require "disaster type of command and control" and that "telemetry"
per se would be replaced by on-the-scene physicians with need to
communicate as part of a triage function. By selection of a scene-of-
action frequency, all mobiles and bases can switch to on-the-scene
operations using existing communication equipment.

The command and control function of dispatching on a two-frequency mobile
relay configuration would (a) allow units in the field to communicate
also in the day-to-day operations, (b) allow routing of vehicles and
initiation of a call to begin other than by telephone (hot line) as may
be done if the vehicle is at a fixed location, (c) allow the dispatcher

•

•
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to participate in and be in control of routing to hospitals by providingthe communication link to the hospital emergency department, physicians,etc. (This assumes hospital categorization and "physician" supervisionof in-the-field units), and (d) assures continued capability to communicatewith a vehicle in the field as required in discontinuing a call, etc. Insome rural areas with low radio traffic density, the dispatching andmedical supervision could be done using one piece of equipment in eithera simplex or mobile relay operation.

The interactions and communication between the EMT in the field and thesupervising physician and the hospital is more complex but is still
processed through the Resource Coordination Communications Center. Oneof the illustrations in Appendix A shows a full duplex/multiplex systemwith ambulance repeater as the most likely reliable system for a varietyof communications. The base-to-hospital communications are by means
of special telephone lines with a simplex hospital link as backup.
Medical paging (one-way tone/voice) is shown for the general medicalcommunity.

We have assumed that medical supervision for the EMS will be addressedby system planning, as well as system operation, utilizing a physician(s)at the hospital and/or in remote sites in the field (his office, car, home).Physician supervision is a medical-legal requirement in most States.Because of cost and shortage of medical manpower, an EMS can be designedto have console support and strip chart confirmation at a hospitalemergency department and/or coronary care unit performed by EMT's
or nurses with physician judgement and advice provided at the consoleand/or from in the field. Conceivably house staff, such as interns andresidents, would provide hospital supervision of the system with consultationfrom the EMS expert physician in the field. Additionally record keepingand data retrieval could be inherent to the system, but will take differentconfigurations based on local requirements and capabilities.

We selected for description a full duplex system (multiplexing ECG andEMT voice) so as to require the minimum number of people for on-the-scene treatment of a patient using cardiopulmonary resuscitation withoutthe requirement for pushing radio switches or holding a handset. Thus,it would be anticipated that one EMT could be totally involved, usingboth hands in providing assisted breathing (bag-oxygen-tube/face mask)and the other EMT would utilize both hands for external heart massage.Thus one of the ENT's would have on a headset and be engaged in fullduplex communication. In order to provide full duplex communication,and in the field communication with a physician, the multiplex signalis retransmitted by the base when the physician or hospital personnelare not talking. Thus, there is full duplex capability, but push-to-talkis required by the physician supervisor. This method also provides fora continuous link so the EMT can hear himself and the ECG tone whichis being sent to the physician. The audible tone modulated by the ECGgives him a way to "monitor" the patient continuously at times when theheart is beating.
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As described, the hospital or physician in the field has intercept
capability (through push to talk) to break in and give directions to
the EMT. Similarly, the system affords communication between the
hospital and the physician in the field.

It is anticipated that such four channel capability, including telemetry,
would be used selectively with cases going to the doctor in the field
only if there is no house staff (hence small telemetry load likely on
the system) or for specialized cases requiring expert advice of experi-
enced EMS physicians in the field.

Conceptually, the second, third and fourth simultaneous runs would be
handled by a different frequency configuration of the EMS. Here we
assume that a community large enough to have multiple simultaneous
runs will have personnel continually in the hospital. Thus, the personnel
in a fixed location may monitor 3 or 4 scopes simultaneously. In order
to assure that the incorrect microphone or button is not pushed and
advice sent to the wrong EMT's we have depicted only one talk-back
frequency for dp to 4 simultaneous runs--thus requiring identification
of the EMT team in the field.

Using this approach, only one talk-back frequency is required for use
of four simultaneous incidents of monitoring from the field; and only
one pair of frequencies (portable/ambulance--repeater is required per
incident in the field. Obviously, only one frequency is required per
incident if a mobile repeater is not utilized.

The UHF link between the portable and the ambulance repeater is selected
to maximize reliability of penetration from within a building or other
enclosure which isolates a patient. Conceivably a combination of UHF to
VHF could be utilized for this part of the system, especially since the
numbers of available VHF frequencies are limited. Continued use of the
present VHF Band SERS frequencies has not been overlooked. The frequencies
will continue to be available for use on their present basis.

Medical paging is performed using one-way communication of tone followed
by voice. The large number of physicians in the health delivery system
who can be activated or called to an emergency room for continued treat-
ment of the patient or for assembly in times of disaster requires a
system which accommodates a large number of users. Thus, talk-back
capability (two-way) page is not envisioned. The system depicted allows
the day-to-day paging, required by physicians in the hospital or office
care of their own patients. Emergency paging is performed on the same
link. This assures compatibility with the EMS system and provides day-
to-day use and involvement by all physicians.

The linkage between hospitals, and from hospitals to the base RCC, is
provided by simplex operation on frequencies slightly removed. Special
cases which require direct voice communications between persons in any
hospital (radio or voice) could be patched at the RCC.
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APPENDIX A

This Appendix contains five diagrams indicating various concepts

for basic Emergency Medical Service (EMS) Systems communications. It

is anticipated that decisions as to which concept or combination of

concepts that would be Implemented in a particular state, regional,

or local area would be made by the local authorities therein.

Obviously EMS Systems communications can be developed in a variety

of ways. The diagrams in this Appendix are intended to illustrate

some examples only.

A-1
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NOTE: The material in this appendix is
quoted from DHEW Publication No. (HSN)
73-2003 of August 1972.

APPENDIX B

Emergency Radio Frequency Assignments

At the present time, except for two frequencies in the Medium Frequency
(MF) band, the FCC has set aside VHF band assignments for general
emergency medical radio communications and UHF band assignments for
ambulance to hospital telemetry systems. Tables 4-A and 4-B show the VHF
frequencies which are available to the Special Emergency Radio Service which
includes hospitals, ambulance and rescue organizations, physicians and
veterinarians, disaster .relief agencies, school buses, beach patrols,
establishments in isolated areas, and common carrier standby and repair
facilities. The UHF frequencies can be assigned for biomedical telemetry
operations to eligible licensees in the Fire, Local Government, and Special
Emergency Radio Services (hospital, ambulance operators or rescue squads).

The Federal Communications Commission* has provided seven
base-mobile frequency pairs in the 460 MHz band for these operations. See
Table 4-C. In summarizing the rule changes adopted March 23, 1972 to
establish ambulance to hospital biomedical telemetry systems the
Commission stated:

All of these frequencies are available in the Special Emergency Radio
Service. The mobile frequencies are primarily assignable for telemetry
transmissions, but supplemental voice operations related to the telemetry
activity may also be conducted on mobile frequencies. The five
base-designated frequencies 463.000 through 463.100 MHz are assignable
for hospital to vehicle voice communications regarding the telemetry
activity. They may also be used to accommodate the need for portable
telemetering from patients before they can be placed into ambulances to
telemeter from the patients through ambulance radios to a hospital
(portable to mobile/mobile-relay). The two base-designated frequencies
460.525 and 460.550 MHz are assignable only for central dispatching of
ambulance telemetry systems under an area-wide communication plan for
coordinated use of telemetry frequencies. They may be assigned in the

*Federal Communications Commission, Report and Order, Docket No. 19261, released
March 29, 1972.
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Special Emergency and Local Government Radio Services, in addition to
the Fire Radio Service, for this purpose. (No other 460 MHz frequency is

available for dispatching ambulance telemetry systems.) The two

mobile-only frequencies, 465.525 and 465.550 MHz, also are availble

under an area-wide communication plan for central dispatching which will

permit their use of telemetry when they are needed for the latter purpose.—

These communications plans may incorporate a single licensee dispatching

multiple telemetry systems, or a group of licensees operating independent

or shared telemetry systems, or both. The object is to encourage and

maximize the most effective use of the limited number of frequencies

available for these purposes in a given area.

.Permissible Communications

FCC regulations permit the following uses of the frequencies allocated to

the special emergency radio service:

Hospitals — Except for test transmissions stations licensed to hospitals

may be used only for the transmission of messages necessary for the rendition

of an efficient hospital service.
Ambulance Operators and Rescue Organizations — Except for test

transmissions stations licensed to ambulance operators or rescue squads may

be used only for the transmission of messages pertaining to the safety of life

or property and urgent messages necessary for the rendition of an efficient

ambulance or emergency rescue service.

Test Transmissions

Tests may be conducted by any licensed station as required for proper station

and system maintenance, but such tests shall be kept to a minimum and

precautions shall be taken to avoid interference to other stations.

B-2
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Table 4A
LOW BAND VHF RADIO FREQUENCIES

FCC Allocations - Type Radio Service by Frequency
Limited to those frequencies assigned to the

SPECIAL EMERGENCY RADIO SERVICE (SER)
and adjacent frequencies

FREQUENCY SER with OTHER
(MHz) limitations* ALLOCATIONS

FREQUENCY SER with OTHER

(MHz) limitations* ALLOCATIONS

33.00 GOV 46.00 x (3)

33.02 x (2) HMR 46.02 PRS

33.04 x 46.04 x (3)

33.06 x (2) HMR 46.06 FRS

33.08 47.40 HMR

33.10 x (2) HMR 47.42 x (4)

33.12 SIR 47.44 SIR

37.88 PwrR 47.46

37.90 x (2) HMR 47.48 SIR

37.92 HMR 47.50

37.94 x (2) HMR 47.52 SIR

37.96 HMR 47.54

37.98 x (2) HMR 47.56 SIR

38.00 GOV 47.58

45.90 PRS 47.60 SIR

45.92 x (3) 47.62 x

45.94 PRS 47.64 SIR

45.96 x (3) 47.66 x

45.98 PRS 47.68 SIR

Abbreviations Used:
SER - Special Emergency Radio Service LGR - Local Government Radio Service
FRS - Fire Radio Service PRS - Police Radio Service
GOV - U.S. Government Pv.TR - Power Radio Service
HMR ' Highway Maintenance Radio Service SIR - Special Industrial Radio Service
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Table 48 (Continued)

Abbreviations Used:
SER - Special Emergency Radio Service
FRS - Fire Radio Service
GOV - U.S. Government

LGR -Local Government Radio Service
PRS -Police Radio Service
PwrR -Power Radio Service

HMR - Highway Maintenance Radio Service SIR -Special Industrial Radio Service

*Limitations (numbers in parentheses above are explained)
1. Those frequencies which are not assigned to the Special Emergency

Radio Service (SER) are listed because they are possible assignments in
neighboring areas which may affect licensing.

2. Applications for assignment (a) should be accompanied by a written and
signed statement that licensees of all stations, authorized to operate on a
frequency 30 kHz or less removed (except Special Emergency stations)
within 75 miles of the proposed location, have concurred with such
assignment; or (b) is accompanied by an acceptable engineering report
that harmful interference to the operation of existing stations will not be
caused.

3. Available for developmental operation if (a) the proposed station is
located at least 40 miles from all other stations except authorized Special
Emergency licensees on frequencies 30 kHz or less removed; (b) includes
with the application a written and signed. statement that the licensees of
all stations except Special Emergency stations within 75 miles of the
proposed location authorized to operate on a frequency 30 kHz or less
removed, have concurred with such assignment; or (c) includes an
acceptable engineering report that harmful interference will not affect
the operation of existing stations (except Special Emergency stations)
within the 75 mile radius; and (d) provides a written statement that
licensees of all stations described in (c) have been notified of the
applicant's request for the frequency assignment.

4. Available for assignment only to hospitals (institutions or establishments
offering services, facilities, and beds for use beyond 24 hours in rendering
medical treatment) and to those ambulances which submit a showing
that they render coordination and cooperation with a hospital authorized
on this frequency.
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Table 4C
UHF BAND RADIO FREQUENCIES

FCC Allocations — Type Radio Service by Frequency

Limited to those frequencies assigned to the
SPECIAL EMERGENCY RADIO SERVICE (SER)

for Bio-Medical Telemetry

FREQUENCY
(MHz)

Class of Station(s)

with Limitations*
FREQUENCY

(MHz)
Class of Station(s)
with Limitations

460.525 Base & Mobile (1), (2) 465.525 Mobile only (1), (5)

460.550 Base & Mobile (1), (2) 465.550 Mobile only (1), (5)

463.000 Base & Mobile (1), (3) 468.000 Mobile only (1), (4), (6)

463.025 Base 8c. Mobile (1), (3) 468.025 Mobile only (1), (4), (6)

463.050 Base & Mobile (1), (3) 468.050 Mobile only (1), (4), (6)

463.075 Base & Mobile (1), (3) 468.075 Mobile only (1), (4), (6)

463.100 Base & Mobile (1), (3) 468.100 Mobile only (1), (4), (6)

*Limitations (numbers in parentheses above are explained)

1. For two frequency systems, separation between base and mobile

transmission frequencies is 5 MHz.

2. The frequency may be assigned (a) to dispatch ambulances and personnel
operating bio-medical telemetry units under an area-wide radio

communications plan; and (b) is available also for this purpose in the Fire

and Local Government Radio Services.

3. This frequency is available for assignment to hospitals (institutions or

establishments offering services, facilities, and beds for use beyond 24

hours in rendering medical treatment) for communication with medical

care vehicles and personnel equipped with bio-medical telemetry

capability. Use of this frequency is further authorized for telemetry or

voice transmissions from a portable telemetering unit to an ambulance

for automatic retransinission (mobile/relay) from a patient to a hospital

or other medical care facility. When using telemetry emission, the

continuous carrier mode of operation is authorized for this frequency.

4. This frequency is available for assignment to operate mobile bio-medical

telemetry units in ambulances and other medical care vehicles, or when

hand-carried by medical personnel. Telemetry transmission may be

authorized„ Voice transmission may also be authorized on a secondary

basis when required for the telemetering activity. When using telemetry

emission, the continuous carrier mode of operation is authorized for this

frequency.
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Table 4C (Continued)

5. This frequency may be assigned primarily for mobile dispatch responseby ambulance and personnel operating bio-medical telemetry units in thisservice under an area-wide radio communications plan involving centraldispatching on the associated base-mobile frequency 460.525 or 460.550MHz. When authorized for this dispatch response purpose, this frequencymay be used on a secondary basis for the purposes and in the manner setforth in limitations (1), (4), and (6).
6. Mobile stations authorized to operate on this frequency may be used toextend the range of transmission between portable telemetering units andhospitals or other medical care facilities. Each mobile station used forthis purpose shall be so designed and installed that it will be activatedonly by means of a continuous tone device, the absence of which willdeactivate the mobile transmitter. The continuous tone device is notrequired when the mobile station is equipped with a switch that must beactivated to change the mobile unit to the automatic mode.

Available Equipment

Manufacturers offer communications components for land mobile radioservice which have common characteristics: virtually all use frequencymodulation (FM) and all are almost completely solid state. (Transistors andIntegrated Circuits (IC) are used wherever possible).
The specifications are very similar. Practically all of this equipmentexceeds the standards established by the Electronic Industries Association(EIA). Representative comparisons between the standards and manufacturers'specifications are shown in Table 5.

B-7
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2 OCT 1974

Honorable Lawton Chiles
United States Senate
Washington, D.C. 20510

Dear Senator Chiles:

This will acknowledge your request of Septenber 16, 1974 that

we bring you up-to-date on the progress of Emergency Medical

Services (iM3). Since January 1974, both Federal and local

governments have taken substantial steps toward the full imple-

mentation of EMS. Based on the OTP recommendations referred

to in your letter, for example, the FCC has issued a Report

and Order which allocates nearly 40 TM and UUP frequencies f
or

use only by emergency medical communications. The July 16, 1974

Report also encourages local initiative in the development of

EMS programs. I have enclosed for your information a copy of

that Report and Order.

OTP, in the meantime, continues to provide policy guidance for

states and localities. Of particular mention are the on-going

efforts of this Office to coordinate the promulgation of standards

for medical telemetry, the interactive voice and data system

which will enable doctors to receive electrocardierr,raph print-outs

on patients-in-transit and to converse directly with the ambulance

from the hospital. The group of (ievernment, industry and mectical

representatives convened by OTP under the Interdepartment Radio

Advisory Committee plans to make its recemllendations for teier.letry

standard-: to the Interagency Collmittee on iimergency Medical

Services (ICES) by early 1975.

Appointmcnt of all members of ICRMS, created by the'Emergency

Medical. Laystems Services Act of 1973, was completed just this

WOCK. isy statute, IU!1S is comprised of representatives of OTP,

the FCC rid other government aeencies and the public under the

leadershi? of HEW. It is chared with the evaluation of Federal

WIN/ROSEMAN :as : 1 0-1-74
DO Rocor
DO Chron—
Dep. Dir.3 copies

Mr. Raish
WWR Subject
WWR Chron
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EMS programs. HEW has, to meet its own responsibility in this
area, appointed a director for its new division of EMS services,
Dr. David Boyd.

I am pleased that the people of your state have demonstrated over.
the past year such a high level of interest in EMS. If I can be
of further assistanco to them or to you, please let me know.

• Sincerely,
,e,)

7
.1* Eger
kting larec

Enclosure 4





OFFICE OF TELECOMMUNICATIONS POLICY

EXECUTIVE OFFICE OF THE PRESIDENT

WASHINGTON, D.C. 20504

January 31, 1975

DIRECTOR

Honorable Harold O. Buzzell
Administrator
Health Services Administration
Public Health Service
Rockville, Maryland 20852

Dear Mr. Buzzell:

In June 1974, this office was requested by the National Highway
Traffic Safety Administr-tion to develop a federal standard for
biomedical telemetry. Responsibility for developing this standard
was referred to the Interdepartment Radio Advisory Committee (IRAC).

At its meeting on January 21, 1975, the IRAC endorsed the enclosed
recommended minimum biomedical telemetry standard for Emergency Medical
Services (enclosure 1). Also enclosed is a preliminary report providing
background and documentation supporting the development of the standard
(enclosure 2).

Preliminary to being incorporated into the OTP Manual of Regulations
and Procedures for Radio Frequency Management, the afore-mentioned
standard has been forwarded to the FCC for action looking toward in-
corporation into the FCC Rules (enclosure 3).

The assistance of HEW's staff in the development of this standard is
greatly appreciated.

Sincerely,

41ohn Eger
vActing

Enclosures
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OFFICE OF TELECOMMUNICATIONS POLICY

EXECUTIVE OFFICE OF THE PRESIDENT

WASHINGTON, D.C. 20504

January 31, 1975

DIRECTOR

Honorable James B. Gregory
Administrator
National Highway Traffic
Safety Administration

Department of Transportation
Washington, D.C.

Dear Mr. Gregory:

Your letter of June 6, 1974, requested this Office to develop a
federal standard for biomedical telemetry. Our letter of June 14,
1974 indicated this matter was referred to the Interdepartment Radio
Advisory Committee (IRAC) for action.

At its meeting on January 21, 1974, the IRAC, endorsed the enclosed
recommended minimum biomedical telemetry standard for Emergency Medical
Services (enclosure 1). Also enclosed is a preliminary report (enclosure
2) providing background and documentation supporting the development of
the standard.

Preliminary to being incorpor-i-ed into the OTP Manual of Regulations
and Procedures for Radio Frequency Management, the aforementioned standard
has been forwarded to the FCC for action looking toward incorporation into
the FCC Rules (enclosure 3).

The assistance of the National Highway Traffic Safety staff in the
development of this standard is greatly appreciated.

Enclosures

Sincerely,

John Eger
Acting
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OFFICE OF TELECOMMUNICATIONS POLICY

EXECUTIVE OFFICE OF THE PRESIDENT

WASHINGTON, D.C. 20504

January 31, 1975

DIRECTOR

Honorable Richard E. Wiley
Chairman
Federal Communications Commission
Washington, D.C. 20554

Dear Mr. Chairman:

In October 1973, this Office forwarded to the Commission a report dealing

with the spectrum support necessary to upgrade and provide for Emergency
Medical Service Communications. This served as a basis for making common
frequencies available for both Government and non-Government emergency
medical services.

The Emergency Medical Service Act of 1973 made certain funds available for
the development of comprehensive area emergency medical service
systems. The Departments of Health, Education and Welfare (HEW) and
Transportation (DOT) are charged with implementing the provisions of
this act. In June of 1974, the Administrator, National Highway Traffic
Safety Administration, requested this Office to develop a recommended
standard for biomedical telemetry; such standard to facilitate compatibility
and interoperability among emergency medical telecommunication systems,
regardless of geographical are- or units involved. DOT and HEW are holding
funding of systems in abeyance, pending the promulgation and implementation
of such a standard on a nationwide basis.

At its meeting of January 21, 1975, the IRAC endorsed the enclosed recom-
mended minimum standard for emergency medical telemetry for promulgation
within the Federal Government (enclosure 1). The IRAC effort had the benefit
of close coordination and inputs from the Commission's staff, cognizant
Government agencies (DOT, HEW, etc.), and segments of industry and the
medical profession. Enclosure 2 is a preliminary report which provides
background and documentation supporting the development of the above standard.

This standard is hereby forwarded to the Commission for appropriate action
looking toward incorporation into the FCC Rules. Since the frequencies
available nationally for emergency medical services are shared between the
Government and non-Government, promulgation within the Federal Government
is being held in abeyance pending such incorporation.

In view of the foregoing your earliest consideration of this matter would
be appreciated.

Enclosures

Sipceely

C6J hn Eger.ting
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ENCLOSURE 1

-C3),
BIOMEDICAL TELEMETRY STANDARD

FOR

EMERGENCY MEDICAL SERVICE COMMUNICATIONS

Abstract 

This standard defines the minimum requirements for a

multiplex or non-multiplex voice/telemetry channel to assure

compatibility and interoperability of portable physiologic

Monitoring equipment with both radio and telephone equip
ments

and hospital emergency and display devices. Specifically, it

defines a National telemetry subcarrier frequen
cy within the

voice band which is compatible with both radio 
and telephone

transmission characteristics. This standard applies only to

voice and telemetry modulation-demodulation 
electronic instrumen-

tation used in emergency medical care.

Introduction 

1.0 General

The portable biomedical equipment used by 
EMT (paramedical)

personnel in advanced life support units (LS
U) will generally

include as a minimum, an ECG monitor, signal 
processing elec-

tronics, a portable radio transceiver, an acous
tic telephone

coupling means, and a cardiac defibrillator. The telemetry

package must provide the capability of tra
nsmitting voice and/or

ECG (or other physiological) signals via ra
dio or telephone

from the emergency site to a supervisory station 
at an approp-

riate Hospital Emergency Area. The capability' of est
ablishing

a compatible interface with the telephone syst
em is part of the

equipment.

The IRAC Committee responsible for the 
development of this

standard has had cooperation from the FCC, t
he American Heart

Association, the Electronic Industries 
Association, National

Communications System, and Industry.
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2.0 Scop_p_

This standard applies only to voice and telemetry sub-

carrier modulation-demodulation electronic instrumentation used

in emergency medical Care. References are provided which indicate

'applicable standards for the other components of the biomedical

package. This standard is intended to define only those param-

eters which are critical to assure compatibility and inter-

operability of equipments. Features beyond these minimum per-

formance standards are optional and subject to negotiation

between suppliers and -zstem procurement agencies.

3.0 Purpose 

This standard has been developed to assure the compatibility

and interoperability of Biomedical Telemetry systems as part of

Emergency Medical Services. Since many independent authorities
(State, Regional, City, etc.) are planning EMS systems, it is

important that a common standard be adopted to assure effective
communications when equipments from different systems are required
to interface. Telemetry systems may selectively allow the use
of any other subcarrier or method of modulation but mpst include
the standard subcarrier of 1400 Hz.

4.0 Reference Documents (See list in Appendix).

5.0 Definitions 

For the purpose of this standard, biomedical telemetry
means telemetering of a vital life sign, such as an electro-
cardiogram, from an emergency patient located outside of a
hospital (emergency site, ambulance, . . .) to a supervisory
control point (generally located in a hospital).
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6.0 Requirements

For Emergency Medical Services, a two-way communications

link between the site of the emergency patient and a super-

visory control point is required. Provision for one-way

transmission of a physiologic telemetry signal from the patient

to the control point is desirable and may become a requirement.

The telemetry signal may be transmitted via a non-multiplexed

or multiplexed

combination of

A standard is required to define these parameters needed

to insure interoperability and compatibility between systems

channel. Requirements must be met over any

radio or wire (telephone) communication paths.

and components of systems.

7.0 Technical Parameters 

The following technical parameters are hereby standardized

to assure interoperability and compatibility of Emergency Medical

Services Biomedical Telemetry Communication Systems:

7.1.1 Subcarrier

Telemetry shall be accomplished by FM modulation 
of

a 1400 Hz + 2% carrier. A positive signal shall cause an

increase in subcarrier frequepcy.

7.1.2 Deviation

Deviation of the subcarricr for ECG telemetry sh
all

be within the range of 30 Hz/mV to 50 Hz/mV referred 
to the

patient input signal. Maximum deviation shall be + 2
50 Hz

+ 10%.

7.1.3 Multiplex Operation

Multiplexing of voice and telemetry 
signals shall be

accomplished by a linear summation of voice and 
telemetry

with filtering provided so as to attenuate voice 
signals by
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13 dB in the range from 1150 to 1650 Hz. The peak amplitudes

of the voice and telemetry signals shall each be 50% + 10%

of the peak amplitude of the composite signal. The amplitudes

of the voice and telemetry signals shall be limited suitably

prior to summing so that the composite signal will never

exceed a specified limit or the voice exceed 50% of the total

signal. This is to prevent clipping by transmission through

FM radio modulators or the public telephone system. Infor-

mation on clip levels is obtained from EIA and AT&T references

cited in the Appendix.'

7.1.4 Non-multiplex Operation

All equipment capable of transmitting or receiving

multiplex signals must be capable of transmitting or receiving

non-multiplex signals in which only voice or telemetry are

transmitted. The level of either voice or telemetry signals

in the non-multiplex mode should be the same as the level of

the composite multiplex signal..

7.1.5 Demodulation Equipment, Sensitivity

The telemetry demodulation equipment should accept

standard telephone line levels and operate within specifi-

cations for signals in the range -25 dBm to +5 dBm.

7.1.6 Telemetry Frequency Response

The system should be designed so that the ECG signal

after telemetry can be displayed with a frequency response

(3 dB) of at least 0.1 to 40 Hz.

7.2 Calibration

The telemetry system shall be calibrated using a 1 mV

+ 5. square-wave calibration signal to permit appropriate

gain and deflection sensitivities of recording instruments

to be adjusted.
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7.3 Radio Specifications

Radio systems must conform to the FCC Rules and

Regulations and the EIA standards referenced in the

Appendix.

7.4 Telephone Interface

Telephone interface connections must be in accordance

with filed tariffs. These may include the AT&T Technical

References indicated in the Appendix.

7.5 Multiplex/Non-multiplex Compatibility

All equipment capable of transmitting/receiving a

multiplex signal must be capable of transmitting/receiving

a non-multiplex signal.
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APPENDIX

References

(1) Federal Communications Commissio
n, Rules and Regu-

lations - Medical Communication S
ervices: Part 2 - Frequency

Allocations and Radio Treaty Matters; 
General Rules and Regulations;

Part 89 - Public Safety Radio Services
.

(2) OTP Manual of Regulations and Proc
edures for Radio

Frequency Management. (Particularly - Minimum Standa
rds for Land-

Mobile ,Radio Services.)

(3) Standards for Cardiopulmonary 
Resuscitation and Emer-

gency Cardiac Care, Supplement to The Jou
rnal of the American Medical

Association, February 18, 1974, Volume 227, 
No. 7.

(4) Standard for DC Defibrillator Safety
 and Performance,

A Draft Standard nearing completion by D-HEW, 
Public Health Service,

Food and Drug Administration FDA-MDS-021-0001.

(5) Electronic Industries Association 
Land-Mobile Standards:

RS152B Transmitter, RS 204 Receiver, RS 210 
Terminating and Signal-

ling Equipment, RS 220 Continuous Tone Squelch, 
RS 237 Systems,.

RS 316 Portables, RS 329 Base Station Antennas
, RS 374 Signalling,

and RS 388 Test Conditions.

(6) AT&T References: Bell Laboratories Record, Vol
ume 44,

No. 2, Feb. 1966 by J. L. Crouch, J. L. Faulkner, 0. 
Loosme, and

L. R. Putman, "Electrocardiogram by Telephone." Be
ll System Tech-

nical Journal, Dec. 1969, pg. 3337, "Physical and 
Transmission •

Characteristics of Customer Loop Plant" by Phi
lip A. Gresh.



Bell System Technical References: Pub 41004 - Transmission •

Specifications for Voice Grade Private Line Data Channels; Pub 41005

Data Communications Using the Switched Telecommunications Network;

Pub 41007 - 1969-70 Switched Telecommunications Network Connection

turvey (Reprints of Bell System Technical Journal Articles); Pub

41008 - Analog Parameters Affecting Voiceband Data Transmission

Description of Parameters, October 1971; Pub 41803 - Acoustical

Coupling for Data Transmission - Preliminary.

Also: IEEE Transactions on Communication Technology, Vol.

COM-19, No. 3, page 246, June 1971, "Some Design Considerations for

Narrowband Medical Telemetry over the Switched Message Network"

by R. N. Watts.

(7)Core Vocabulary: "Estimate of Inherent Channel Capacity",

Edith Corlis, Journal of Acoustical Society of America, Vol. 50,

No. 2, Part 2, 1971, pp. 671-677.

(8) Recommendations for Standardization of Instruments in

Electrocardiography and Vectorcardiogiaphy.. Report of Subcommittee

on Instrumentation Committee in Electrocardiography, American Heart

Association, IEEE Trans. Biomed. Eng 14:60, 1967.
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(Alphabetical by Group)
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Dept. of Health, Ethic. & Welfare

Veterans Administration
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Food and Drug Administration
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Dept. of Transportation

Florida

Wisconsin

STATE

Dennis Bodson
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Dr. Francis Jackson
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Alvin W.

Frank L.

David A.
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Paul

Rose
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Frederick Sera
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James C. Houge
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American Heart Association

American Hospital Association
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Motorola (EIA)
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Physio-Control
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Alan Berson
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Courtland E. Newman, Jr.

William M. Borman
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Motorola (EIA)

Pioneer Medical Systems, Inc,
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Advanced Technology Systems, Inc.

E. F. Johnson, Co.
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J. J. Renner
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John Sodolski

Jerry Wade

Don Walker

L. C. Watkins

Robert N. Watts
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Preface

A request was received from the Administrator, National
Highway Traffic Safety Administration, U.S. Department of
Transportation (Dated June 6, 1974) by the Director, Office
of Telecommunications Policy for the development of a bio-
medical telemetry standard. This request cited the efforts
of the New Jersey Hospital Association Radio Committee to
develop a voluntary standard through the cooperation of four
major manufacturers of emergency medical service equipments and
since this was unsuccessful, their resultant request to the

Electronic Industries Association for support in the develop-
ment of such a standard. The EIA indicated interest and a

desire to participate in a government standardization effort.

The Interagency Committee on Emergency Medical Services

Systems Act of 1973 (P.L. 93-154) also indicated need for this

standard.

The above request was made on behalf of the Department

of Health, Education and Welfare and the Department of

Transportation. Dr. Whitehead, Director of OTP, responded to

this request on June 6, 1974, accepting the responsibility

and indicating his referral of this matter to the Interdepart-

ment Radio Advisory Committee for action.
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INTRODUCTION 

The Interdepartment Radio Advisory Committee (IRAC) at

its meeting on June 25, 1974, referred a request (IRAC Doc.
16969/1-2.7.13) signed by the Director of OTP, and documenta-

tion to the Technical Subcommittee (TSC) of IRAC for action.

This request was to develop a standard for biomedical

telemetry. A Working Party of the Standards Working Group of

the TSC was formed and a preliminary meeting was held on

July 10 to initiate this effort.

A following statement of the problem was contained in

the material referred to this committee:

"The Department of Transportation's activities in implement-

ing Highway Safety Program Standard No. 11, Emergency Medical

Services, the Robert Wood Johnson Foundation's $15 million

national competitive grant program for EMS communications, and

more recently the EMS Systems Act of 1973, have made consider-

able funds available and prompted effort toward the planning

and establishment of comprehensive EMS systems. Communica-

tions are an essential part of this development. FCC Docket

19.980 recognizes the need for additional EMS frequencies and

an allocation structure to permit mutual aid and support

between systems. However, the present lack of standards for

telemetry modulation techniques works against these efforts.

A recent survey of seventeen mobile portable medical telemetry

equipments available for remote ECG transmissions reveals that

they employ nine different modu2ated tone or subcarrier fre-

quencies. Two manufacturers offer multiplexing modulators

combining voice with ECG data. Even these use different sub-
carrier frequencies. Further, only three of the seventeen use
a standard amount of tone frequency deviation per volt of mod-
ulating signal. The need foz standardization is obvious and
urgent if the EMS systems developing across the nation are to
be compatible."

The work statement adopted by this Emergency Medical
Services Biomedical Telemetry Standard (EMS-TS) Working Party
is given in Appendix A. In brief, the committee was to ident-
ify related standards which are applicable to biomedical
telemetry applications, determine an optimum subcarrier fre-
quency for voice/telemetry transmission on radio and telephone
lines and if feasible recommend one subcarrier frequency for
multiplex, non-multiplex and radio or telephone transmission,
appropriate deviation sensitivity and direction to assure
compatibility and interoperability, and to determine calibra-
tion procedures and waveforms which should be incorporated
into a standard.
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The EMS-TS Committee accepted a time constraint of pro-
ducing a Committee approved standard for recommendation to
IRAC by the end of the current calendar year. This time
schedule is in keeping with the urgency of the release of

supporting funds in the emergency medical services field,

particularly by the Dept. of Health, Education and Welfare
and Dept. of Transportation during the current fiscal year.

Two particularly useful documents which provided back-
ground for the EMS-TS Committee's work were the OTP report

"Communications in Support of Emergency Medical Services"

(EMS-8) and the FCC Notice of Proposed Rule Making, Docket
19880 (EMS-6). The first report was prepared by IRAC Ad Hoc
120 Committee and presents recommendations for the establish-
ment of special freaueL y allocations for emergency medical

services. It was forwarded to the FCC on October 3, 1973, and

the above docket was released from FCC in December, 1973, in

response to this recommendation. More than 200 formal comments

were received by the FCC in response to this docket and related

dockets, namely 19576 and 19643. Parts 2 and 89 of the FCC

Rules and Regulations were amended in accordance with the

Ad Hoc 120 report and these comments, effective August, 1974.

This ruling makes available for Government and non-Govern-

ment shared use ten UHF frequency pairs for exclusive use in
EMS anci five UHF frequencies shared with radio call box systems
for use in biomedical telemetry/voice systems.

The Committee invited participation from all federal

agencies interested in this topic as well as State government

representatives, representatives of the American Hospital

Association, private industries, and particularly the Elec-

tronic Industries Association which subsequently accepted the

commitment to make technical recommendations to the EMS-TS

and coordinate their response with those industries who pro-

vide end-deliverable hardware for biomedical telemetry

applications.

A particular concern of the Committee was that of estab-

lishing current and future needs as viewed by the medical

community. The Veteran's Administration representative agreed

A.
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to poll a cross-section of this medical community to determine

their response to an inquiry regarding the needs for biomedical

telemetry both now and in the forseeable future as it would

apply to emergency medical services.

Several State governments are in the process of establish-

ing emergency medical services throughout their jurisdictions

and have supported studies of systems for emergency medical

services. Inputs from these studies were solicited as valuable

resources to the Committee. Five general meetings for the

purpose of gathering information, discussion and exchange of

information, positions, and recommendations were held. A

Summary Record of each meeting was prepared and distributed to

all attendees as well as to all parties contacting the Commit-

tee for information.

The following report represents the findings of the EMS-TS

Committee in response to the work statement of Appendix A. A

brief background of EMS requirements is presented. The tech-

nical factors which bear on the development of the required

standard are described. The conclusions and recommendations

Of the committee are summarized, and a draft standard prepared

by the committee is presented in the Appendix B of this report.

This recommended standard represents a compromise of many
factors but provides a means by which all biomedical telemetry

systems can and will be made compatible and interoperable as

emergencies require.
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Considerable background information in the form of
reports, related standards and inputs from EMS communities of
Federal and State governments, Medical Associations and
Industry has been gathered in preparing this recommended
Biomedical Telemetry National Standard. Excerpts and conclu-
sions from that body of information which provide appropriate
background for defining the requirements for biomedical com-
munications with telemetry applicable to EMS are presented
here with appropriate references.

GENERAL CONSIDERATIONS 

The following excerpts are taken from the Standards for
Cardiopulmonary Resuscitation (CPR) and Emergency Cardiac
Care (ECG) (EMS-13):

It has been estimated that about one million per-
sons in the United States experience acute myocardial
infarction each year. More than 650,000 die annually
of ischemic heart disease. About 350,000 of these
deaths occur outside the hospital, usually within two
hours after the onset of symptoms. Thus, sudden death
from heart attack is the most important medical emer-
gency today. It seems probable that a large number of
these deaths can be prevented by prompt, appropriate
treatment. In addition, many victims who die as a
result of such accidental causes as drowning, elec-
trocution, suffocation, drug intoxication, or automobile
accidents could be saved by the prompt and proper
application of cardiopulmonary resuscitation and emer•
gency cardiac care. This can best be assured by the
victim's entry into an organized and effective system
of emergency cardiac care.
Emergency cardiac care (ECC) is an integral part

of a total, community-wide comprehensive system of
emergency medical services (EMS) and should be
integrated into the total system response capability
for all types of life-threatening situations. The sys-
tem must provide proper identification and appropri-
ate action for all medical emergencies. However, the
standards presented here concern themselves only with
the principles and concepts of emergency cardiac care.

Emergency Cardiac Care
In this statement, emergency cardiac care includes

all the following elements:
1. Recognizing early warning signs of heart attacks,preventing complications, reassuring the victim, and mov-ing him to a life support unit without delay.2. Providing immediate basic life support at the scene,when needed.
3. Providing advanced life support as quickly as possible.4. .Transferring the stabilized victim for continued car-diac care.

Emergency transportation alone, without life sup-

port, does not constitute emergency cardiac care. Al-
though transportation is an important aspect, the

major emphasis of ECC is life support through sta-
bilization of the victim at the scene of the life-threat-

ening emergency. Stabilization must be maintained

during transport of the victim to the site of continuing

cardiac care.
Within the definition of emergency cardiac care

there are two other important concepts that must be
clarified—basic life support and advanced life support.

Basic Life Support is an emergency first aid proce-

dure that consists of the recognition of airway ob-

struction, respiratory arrest and cardiac arrest, and

the proper application of cardiopulmonary resuscita-

tion (CPR). CPR consists of opening and maintaining

a patent airway, providing artificial ventilation by

means of rescue breathing, and providing artificial

circulation by means of external cardiac compression.

Adi;anced Life Support is basic life support plus use

of adjunctive equipment, intravenous fluid lifeline

(infusion), drug administration, defibrillation, sta-

bilization of the victim by cardiac monitoring, con-

trol of arrhythmias, and postresuscitation care. Also

it includes establishing necessary communication to

assure continuing care, and maintaining monitoring

and life support until the victim has been transported

and admitted to a continuing care facility. Advanced

life support requires the general supervision and di-

rection of a physician who assumes responsibility for

the unit. It must have adequate communications on a

24-hour-per-day basis. This may necessitate appro-

priate legislation or standing orders for implementa-

tion.
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To be effective, emergency cardiac care should be

an integrated part of a total community-wide emer-

gency care and communication system. It is to be based

on local community needs and resources and be con-

sistent with state and national policies. The success of

such a community-wide system requires multijuris-

dictional participation and planning to ensure opera-

tional, as well as equipment, compatibility within that

system and between adjacent systems. The initial

planning of a community-wide system should be under

the direction of a local community advisory council

on emergency services charged with the responsibility

of assessing community needs and resources, defining

priorities, and planning to meet those needs. Critical

evaluation of operating policies, procedures, statistics,

and case reports must be a continuing responsibility

of state or local governments or the council. Such an

evaluation should provide the basis for modification

and evolution of the system.

Cardiac Monitoring

Electrocardiographic (ECG) monitoring should be
established immediately on all patients who present
symptoms of suspected heart attack or sudden collapse.
Most sudden deaths following acute myocardial in-

farction are due to electrical derangement of the
rhythm of the heart (dysrhythmias). Susceptibility to
electrical derangement is greatest immediately fol-
lowing and several hours after myocardial damage or
severe ischemia. It is during this critical and unstable
period that patients should be under continuous and
critical monitoring.

Although rhythm changes may occur abruptly and
without warning, potentially lethal situations usually
can be prevented by early detection and prompt
treatment.

Each person providing advanced life support must
have adequate training and testing to establish his
capability of dysrhythmia detection and treatment.
Once trained, his competency must be reenforced and
examined continually. This can be accomplished
through regularly scheduled assignment to hospital pa-
tient care, such as in the emergency department, coro-
nary care unit, intensive care unit, or operating room.
ECG monitoring is a vital step in the prevention of

cardiac arrest in patients with acute myocardial infarc-
tion. Personnel providing advanced life support must
be familiar with monitoring equipment, including its
problems and artifacts. They also must be capable of
recognizing, at a minimum, the following electrocardio-
graphic dysrhythmias:

1. Cardiac standstill (ventricular asystole).
2. Bradycardia (rate of less than 60 per minute).
3. The difference between supraventricular and ven-

tricular rhythms.
4. Premature ventricular contractions (frequency,

multifocal, and R on T).
5. Ventricular tachycardia.

5

6. Ventricular fibrillation.

7. Atrioventricular blocks of all degrees.

8. Atrial fibrillation and flutter.

In addition to recognizing these dysrhythmias, all per-

sonnel must be familiar with the potential dangers

inherent in each waveform and with the therapeutic

regimen that is required when any one of them is

present.
In situations in which the initial emergency prob-

lem is a cardiac arrest, CPR steps and techniques out-

lined under "Basic Life Support" should be initiated.

As quickly as possible thereafter, ECG electrodes

should be applied. For this purpose, a monitor-defibril-

lator with combination ECG electrode-defibrillator pad-

dles is recommended. These ECG electrode-defibrillator

paddles are applied to the chest and an immediate

determination of the cardiac rhythm may be made.

Emergency Medical Communications.—Emergency

medical communications is a vital element that mu
st

be integrated into any system of emergen
cy medical

services for it to function effectively. An adequate 
com-

munication network for an ECC response is but one

facet of total emergency medical services, but th
e com-

munications system that supports emergency cardiac

care also should support emergency m
edical service

as a whole.
The communications system will help pres

erve life

and minimize morbidity at the scene, 
during transit,

and in the hospital emergency department. There

should be careful coordination of equipmen
t and fre-

quencies, including subcarriers for telemetry, 
to fa-

cilitate both compatibility of subsystems at th
eir in-

terface and effective regionalization in the 
future.

Agreements for sharing communication channels and

other forms of coordination are necessa
ry. Emergency

medical communications should be integrat
ed into the

emergency system and coordinated with such 
other

agencies as fire, police, highway patrol, Co
ast Guard.

and Military Assistance to Safety and
 Traffic.
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Part 1V.—Life Support Units

A life support unit (LSU) is an integral part of
a stratified system for cardiac care that is strategically

located, properly identified, and has specific capability
of rendering life support to patients with cardiopul-

monary emergencies. Life support units can be either

basic or advanced units. Basic life support units

exist wherever there are individuals trained in CPR

techniques and should be found at all patient care

stations of hospitals. medical and dental offices, fac-

tories, public office buildings, and within homes and

schools. Advanced life support units, in addition, must

be able to monitor cardiac rhythms and treat cardiac

dysrhythmias.
The Conference has set minimum standards for ad-

vanced life support units.

Standards for LSU'S

Communications.—At a minimum, the LSU must.

be able to communicate directly with the agency or

persons who are bringing the patient to the unit and

with the facility to which they transfer the patient for

continuing care. It is recommended that the LSU also

two in contact with the central coordinating and dis-

Welting authority.

Standards for Mobile. LSU'S
. .

Communications.—At a minimum, two-way voice

communications with the central coordinating and

dispatching authority and with the continuing care

•Linit to which the patient will be delivered is neces-

sary initially. The unit therefore must possess the

capability of communicating with one or more con-

tinuing care facilities in order to give:
1. Notification of patient's expected time of arrival.

2. Notification of patient's condition.
3. Confirmation of acceptance by facility for con-

tinuing care.
4. Consultation regarding care.
As a later phase, there can be augmentation with

physician's consultation and, when appropriate, ECG

telemetry offers the advantage of remote monitoring
and rhythm consultation, provided that medical con-

sultation is on-line and a part of the system.

JAMA, Feb 18, 1974 • Vol 227, No 7
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BIOMEDICAL SIGNATURES 

In a draft report (dated 10/13/72) entitled "Emergency

Medical Communications," by the Subcommittee on Emergency

Medical Communications and prepared with the aid of the

Committee on the Interplay of Engineering with Biology and

Medicine, National Academy of Engineering (EMS-27) the

following excerpt describes the requirement for ECG telemetry:

"Although very few, if any, are currently using it, this con-

cept of mobile, physician-based medical direction offers much

promise for small communities or rural areas where hospital

emergency departments and doctors are not constantly available,

and where patient transport times can be as long as several

hours. In urban areas, although transport times are usually

shorter, the capability and procedures for providing physician-

directed treatment must be available.

To perform this task, the ambulance EMT's require

two-way voice communications with a physician. Further,

advanced treatment techniques require that the physician have

access to physiological data as well as the EMT's visual

observations of the patient's condition. The electrocardiogram 

(ECG) is the only type of continuous data which needs to be 

provided in its original form to the consulting physician.

This requires telemetry communications from the patient (e.g.

a portable transmitter) - nd from the ambulance to the physi-

cian. Vital signs such as blood pressure, respiration rate,

and pulse can be easily determined by the EMT. They require

no special communications equipment other than a two-way voice

channel to provide the physiciap with the information."

The report (EMS-11) by Advanced Technology Systems
reiterates (with references to the literature) that "The ECG
signals from electrodes attached to a patient represents the
most valuable biomedical data that can be transmitted to a
Hospital Emergency Area." Although no clear concensus on
requirements for other physiological signals could be estab-
lished at this time, future requirements may include blood
pressure and respiratory signatures as well.



COMPATIBILITY OF EXISTING SYSTEMS 

The survey of seventeen mobile, portable medical telem-

etry equipments mentioned in the Introduction, above, is

summarized* in Figure 1. Many of these systems utilize a

frequency-modulated audio subrarrier as indicated, but there

is a wide variation of center frequency and deviation sensiti-

vity rendering the systems incompatible. This incompatibility

does not represent a problem when all equipments in a given

catchment area are supplied by the same manufacturer. In

cases of major disaster or when specialized emergency facili-

ties are required, ambulances and equipments may be required

to cross over these catchment boundaries creating a serious

communications problem.

*Please note that this list recognizes suppliers of 
Portable

Audio Modulators/Systems for remote ECG t
ransmission. This

does not mean that all manufacturers supply voice
-telemetry

multiplex equipment.
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Some Commercial Suppliers of Portable Audio
Modulator/Systems for Remote ECG Transmission

Manufacturer
Center
Frequency

Carrier
Deviation

Intended Bell
Coupler System
Compatible?

*American Optical Inc.

*Bell System 603
.series

. Biocom Inc.

1988 Hz

1988 Hz

1800 Hz
(MPX-2950 Hz).

+131 Hz/millivolt
Orry.)

+131 Hz/mv.

+166 Hz/mv.
N/A

, Yes

Yes

No
No

*Cambridge Inst. Co. 1800 Hz +32 Hz/mv.
lAdj 0-200 Hz/mv.)

Yes

*Computer Inst. Co. 1988 Hz Not available (N/A) Yes

*Elmed Inc. 1988 Hz N/A Yes

*Gould Inc. 1988 Hz N/A Yes

*G.E. Cardiosurgical 1988 Hz N/A Yes

Systems

Johnnie Walker Med. 1300 Hz N/A No
Elect. (Dallons)

.*Health Tech Labs 1988 Hz +131 Hz/mv. Yes

Mannen-Greatbatch 2300 Hz +100 Hz No

Motorola 1500 Hz ±100 Hz/mv. No

Parke-Davis/via 1680 Hz +225 Hz/mv. No
Phone

*Physic. Control Corp. 1988 Hz +131 Hz/mv. Yea

Pioneer Medical 1250 Hz N/A No

(MPX-2900 Hz) N/A No

SCI Systems 550 Hz-(MPX) N/A No

*Travenol Labs 1988 Hz N/A Yes

*Center frequency of subcarrier is 1988 Hz.

Note - Many systems can be adjusted, without major modification, to be
icompatible with another manufacturer's equipment if this s

desirable. A technical evaluation of the feasibility of this
.should be done before a commitment to buy equipment is made, to
assure compatibility.

t4dit.teci toAMProurments in heath Cafe throuph bithebt:al ottifficatioha of techholo9Y 1.41 en0^effunt frwthodolottY•

• FIGURE 1
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COMMUNICATIONS REQUIREMENTS 

Two-way voice communications between the site of an

emergency victim located outside of a hospital (emergency

site, ambulance, . . .) to a supervisory control point (gen-

erally located in a hospital) is a mandatory and highest level

requirement for the support of emergency medical services.

Two-way communications can take the form of f
ull-duplex

channel in which there is opportunity for continuous
 communi-

cations in both directions between the two end po
ints of the

system. Two-way communications can also be establi
shed over

a half-duplex transmission circuit which allo
ws communications

to flow in either direction sequentially but no
t simultaneously.

A simplex channel will permit communications to
 flow in only

one direction; that is, one can either tr
ansmit or receive

over this channel, but not both. The allocations of frequencies

by the FCC (EMS-6a) for voice communications a
re in frequency

pairs so that simultaneous simplex channels c
an be established

from the two ends of the radio communication 
link. This will

allow simultaneous two-way communications a
nd is equivalent

to a full-duplex mode. There are extremely wide 
and diverse

measures of performance of these voice 
communication systems

in terms of bandwidth, signal-to-noise ra
tio, distortion,

intelligibility, voice quality, etc.

The transmission of bi-medical tele
metry data can be 

accomplished by modulating radio or telephone 
equipment which

has been designed for voice transmission. The simultaneous

transmission of voice and telemetry data 
requires the use of

? multiplex technique in which a portion of 
the voice spectrum

is blocked out and used for the transmission 
of the telemetry

data. The electrocardiogram requires a 
fairly low data rate

for transmission compared with voice, and can 
be modulated

onto a subcarrier for transmission in a m
ultiplexed mode or in

a non-multiplexed mode depending upon the 
requirements for

continuous or sequential transmission.

The nominal usable voice bandwidth for 
transmission over

telephone lines and for transmission over the 
types of FM

portable radio equipments most used in this 
application is

300-3000 Hz. Studies (EMS-32) have been made o
f the effect

of the various spectral components of the 
human voice on the

resultant quality and intelligibility of the 
reproduced

speech which has been band limited by a 
transmission system.
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These studies indicate that a cross-over point at about
1550 Hz exists in which the elimination of the spectral com-
ponents of speech above or below this cross-over will produce
approximately the same degradation of articulation. It is
found that mistakes as to the consonantal sounds th, f and v

are responsible for nearly 50 percent of the mistakes of
interpretation. Generally the spectral components at the low
end of the spectrum provide much of the power or intensity of
the voice and contain many of the characteristics associated
with speaker recognition and general voice quality. The
upper end of the spectrum contributes substantially to the
articulation (the reproduction of the consonant sounds men-
tioned above). It is clearly desirable to retain as much of
the spectral content of the voice transmission as can be
accommodated by the transmission systems in order to maintain
the best voice communication. The human ear is an amazingly
adaptive organ, however, and can interpret highly degraded
voice signals with relatively low message error rates.

Quantitative measures of voice articulation and its
relation to intelligibility are described in the American
National Standard Methods for the calculation of the Articu-
lation Index, ANSI S3.5-1969 (EMS-45). In this standard,
one method of defining speech intelligibility requires the
dividing of the spectrum into 20 segments of varying width
such that each segment contributes an equal amount (5%) to
the overall articulat.l.on score. Table 1 shows a distribution
of these bands as presented in the above standard and taken
from reference 1 (Beranek, 1947)* of the standard. The voice
is degraded by additive noise in the transmission system and
articulation index is often 'measured by a technique in which
signal-to-noise in each of these bands is measured and
properly weighted to calculate an Al between 0 and 1.

It is relatively straight-forward to calculate an 
Articulation Index for speech if one assumes that the signal/
noise ratio in each of the Al bands after demodulation is
greater than 30 dB. This may be greater than normally
achieved in land mobile radio services but can clearly indicate
a maximum performance assuming no degradation by additive
noise from the system. Details of this calculation are given
in the ANSI Standard.

*Beranek, L.L., The design of speech communication systems.
Proc. Institute of Radio Engineers, Vol. 35, 1947, pp. 880-
890.
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TABLE 1

20 Frequency Bands of Equal Contribution

to Speech Intelligibility

Band
No.

Limits
(Hz)

Mid..
Frequency
(Hz)

1 200-330 270

2 330-430 380

3 430-560 490

4 hho 700 610

6 MO RIO i ;0

6 840-1000 920

7 1000-1150 1070

8 1150-1310 1230

9 1310-1480 1400

10 1480-1660 1570

11 1660-1830 1740

12 1830-2020 1920

13 2020-2240 2130

14 2210-2500 2370

15 2500-2820 2660

16 2820-3260 3000

17 3200-3550 3400

18 3650-4250 3950

19 4250-50.10 4650

-- 20 5050-6100 5600

In order to use the Articulation Index thus
 obtained, it

is necessary to have an empirically derived rel
ationship

between Articulation Index and Intelligibili
ty defined as the

percent of syllables, words or sentences 
understood correctly.

This relationship is a function of the experien
ce of both the

communicator and the listener and a function of 
the message

that is being transmitted. The ANSI Standard present
s a

graph* as indicated in figure 2. It will be noted that the

intelligibility increases dramatically for 
messages which are

well known to the listener. Such messages are typified 
by the

type of communications which occur in air 
traffic control 

systems where trained pilots and communicators 
find no diffi-

culty interpreting messages which a novice or 
untrained person

would find garbled and almost completely un
intelligible.

*French, N.R. and J.C. Steinberg, Factors governing 
the

i 

.

ntelligibility of speech sounds. Journal Acoustical Society 

of America, Vol. 19, 1947, pp. 90-119; Bell Tele
phone System,

Technical Publication Monograph 3-1436, 1947.

Kryter, K.D., Some comparisons between rhyme and PB
-word

intelligibility tests. J. Acoustical Society of 
America,

Vol. 37, 1965, p. 1146.
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FIGURE 2. Relation Between Al and Various Measures

Speech Intelligibility.

There is a need for the development of a set of subjective
scoring measurements for emergency medical applications using
a core vocabulary as the test message.

The attenuation and delay characteristics of telephone
lines are expected to be more limiting to EMS Telemetry/Voice
transmission than the similar characteristics of radio trans-
mission when proper tuning and adjustments are made. Typical
performance curves for telephone lines are shown in figure 3.
Considerable variation in these performance characteristics
can be expected as a function of such factors as regional
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 for

DDD Lines.

location, length of the transmission 
circuit (local loop or

DDD network), and current state of 
maintenance. Generally the

performance of these telephone lines 
is maintained adequate

for voice transmission in all areas
.
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The technology exists to provide full voice quality
transmission as well as biomedical telemetry over a voice
grade telephone transmission circuit by the use of digital
techniques. It is expected that this technology will be
evolved and become available in the forseeable future and
that it may well become economically competitive with the
current analog transmission systems. However, the state-of-
art at the time of this study is such that the proposed
standard addresses only the FM modulation techniques used in
current systems.

LINEAR FM MODULATION 

As long as only voice or biomedical telemetry is to be
transmitted over a voice grade channel, the selection of sub-
carrier tone frequency on which the biomedical telemetry
signal will be modulated is quite arbitrary as indicated in
Table 1 earlier in this report. Both the center frequency
location and the deviation sensitivity can be made quite
arbitrary. However, as indicated in that figure, most such
non-multiplexed systems are chosen to lie in the range between
1000 and 2000 Hz. This selection is based on the fact that,
for data transmission, the telephone technical references
indicate that the frequency band 800 to 2450 Hz is the desir-
able band and transmission outside of this band is not
recommended.

The EMS-TS Committe adopted the objective of establish-
ing a single subcarrier frequency and deviation sensitivity
for both multiplex and non-multiplex systems which are com-
patible with both radio and telephone channels. Thus the two
primary constraints were that of the degradation of the voice
signal for multiplex operation and the optimum location of the
subcarrier frequency for transmission on telephone and radio
circuits.

In linear FM modulation, the instantaneous frequency of
the carrier is a function of the amplitude of the modulating
signal. The rate at which the frequency changes is propor-
tional to the rate or frequency of the modulating signal. In
the generation of a frequency modulated carrier, the power
spectra or distribution is contained in the center frequency
and sidebands which are multiple harmonics of the driving
frequency. Table 2 of this section is an illustration of the
number of these harmonic sidebands as a function of the
frequency and deviation ratio, that is the ratio of the
maximum deviation of the carrier to the highest frequency of
the modulating signal. Thus, normally the occupied bandwidth
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TABLE 2

DISTRIBUTION OF POWER IN THE FM SPECTRUM

(Single Frequency Modulation)

AF
f

CARRIER AND SIGNIFICANT SIDE FREQUENCIES EXPRESSED IN PERCENT

OF TOTAL CARRIER LEVEL
REQUIRED
BANDWIDTH

2 1

F,1 2 3 4 5 6 7 8 9 10 11 12 13 14

0.1 99.75 4.99

0.5 93.85 24.23 3.10 4 f

1.0

2.0

76.52 44.01 11.49 1.96
6 f

22.39 57.67 35.28 12.89 3.40
8 f

3.0
..-4---..

26.01 33.91 48.61 30.91 13.20 4.30 1.14
12 f

(.039.71 6.60 36.41 43.02 28.11 13.21 4.91 1.52.
14 f

5.0
4
17.76 32.76 4.66 36.48 39.12 26.11 13.10 5.34 1.84 16 f

6.0
)
15.0G 27.67 24.29

30.14

11.48 35.76 36.21

J

24.58 12.96 5.65 2,12 18 f

7.0

8.0

30.01 0.50 16.76

29.11

15.78

10.54

34.79

18.58

33.92

33.76

23.3612.80

32.06

5.90 2.30 0.80 22 f

17.17 23.46 11.30 22.35 12.63 6.10 2.60 0.96 241

9.0 9.03 24.53 14.48 18.10 26.55 5.50 20.43 32.75 30.51 21.49 12.47 6.20 2.73 1.10 26 f

10.0 25.59 4.35 25.46 5.83 21.96 23.41
._
1.45 21.67 31.79 29.19 20.75 2.31 6.34 2.90 1.20 - 28 f

for such an FM modulated carrier is determined by th
e highest

frequency of the modulating signal and the maximum dev
iation

allowed by the modulating circuit. A rule of thumb for

selecting a deviation ratio to permit a suff
iciently great

input signal-to-noise ratio is that the 
maximum deviation of

the carrier should be not less than five 
times the highest

frequency of the modulating signal. It is, therefore, neces-

sary to define a signal bandwidth and the 
maximum amplitude

of the signal in order to determine the 
occupied spectrum for

the reultant FM modulated carrier.

The American Heart Association standards for cli
nical ECG

monitors defines a bandwidth of ,05 to 100 Hz (EMS-
32) as the

3dBpoints of frequency response required for 
adequate trans-

mission of the signals. For emergency medical servic
es it is

desirable to limit this bandwidth to a narrower frequ
ency

range for several reasons. The upper portion is subject 
to
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power line 60 Hz interference and consequently a roll-off which
eliminates this potential interference problem is desirable.
The lower end of the spectrum is increased to order of 1 Hz in
order to eliminate artifacts caused by muscular trauma, by
inadequate or varying electrode contacts and by involuntary
body motion which may be experienced in emergency medical situ-
ations. It has been demonstrated (EMS-11) that an upper fre-
quency response of 40 Hz is quite adequate for transmitting
the ECG signal with sufficient lack of distortion to determine
the salient waveform characteristics of rhythm, amplitude, and
shape required for EMS applications. However, the lower fre-
quency response of 1 Hz will introduce certain distortions in
the slowly varying portions of the ECG waveform which may pro-
duce artifacts that are of clinical significance. Therefore,
the EMS-TS recommends that the telemetry system be capable
of transmitting frequencies down to 0.1 Hz and that the band-
width be limited if necessary by means of switches external to the
telemetry modulator to provide the 1 Hz lower cutoff frequency.

Because of the pulsating nature of the ECG signal, most of
the energy of the driving signal is contained in spectkal
components that are in the range 10 Hz and below. Consequently,
the occupied bandwidth of an FM carrier modulated by an ECG
signal is not as wide as expected from full modulation by the
upper cutoff frequency of 40 Hz because of the small amplitude
of the high frequency components of the signal. The Committee
was able to arrive at recommendations for deviation sensitivity
in the range 35 to 50 Hz/mV. Inputs from the American Heart
Association Standards Representative (EMS-3b) indicated that
90-95% of the EMS cardiac conditions. Extreme cases may reach
levels of 8-9 mV in 2-3% of such cases. Thus assuming a + 5 mV
peak signal and a 50 Hz/mV deviation sensitivity the maximum
deviation of the carrier would be + 250 Hz. Limiting the band-
width to 40 Hz satisfies the condition that the maximum devia-
tion s greater than 5 times the maximum frequency and the fact
that the amplitude of the higher frequency components is very
small, Table 2 shows that the occupied spectrum of the resultant
modulated carrier is contained within a 500 Hz bandwidth. Thus
the linear FM modulated ECG telemetry signal will occupy a
minimum of 500 Hz bandwidth within the voice spectrum of an
FM multiplex system.

LINEAR FM MULTIPLEX SYSTEMS 

Three characteristic voice/telemetry multiplex systems
have been built and operated in 'field applications of EMS
systems. They are characterized by the location of the 500 Hz

z
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band for the telemetry signal. A high-band system with sub-
carrier at 2300 Hz is marketed by Pioneer, Inc.; a mid-band
system with subcarrier at 1400 Hz is marketed by Motorola, Inc.
and a low-band system with subcarrier at 550 Hz is marketed
by Telecare, Inc. Each of these systems were considered as a
possible standard. Each system has been demonstrated to pro-
vide satisfactory performance for EMS applications. The te-
lemetry performance of each system is entirely adequate.
Although considerable concern regarding the effects of attenu-
ation and phase characteristics of telephone channels has been
expressed, no statistically significant data are available at
present to substantiate or eliminate this concern.

Much discussion on these three candidate systems centered
on the quality and articulation or intelligibility of the re-
sultant multiplexed voice. From Table 1 above, one notes that
a 300-3000 Hz limitatio,, on channel bandwidth, eliminates bands
1, 17, 18, 19, and 20, at least, giving a maximum articulation
score of 0.75. This gives an intelligibility score of about
0.98 in accordance with Figure 2 for sentences known to listen-
ers. For the high-band case, bands 13, 14, 15, and 16 are also
eliminated, giving an Al of 0.55 which again gives very good
intelligibility for known sentences and for nonsense syllables
gives an intelligibility of 0.75. The mid-band case which
has a notch filter eliminating the band 1150 to 1650 Hz elimi-
nates bands 8, 9, and 10 which gives an Al of 0.60. This pro-
vides roughly the same intelligibility for known sentences and
a score of about 0.80 for nonsense syllables. The low-band
system with a high-pass filter cut-off at 800 Hz eliminates
bands 2, 3, 4, and 5 giving an Al of 0.55 giving the same
intelligibility by this method as the high-band case. These
numbers are approximate (assuming absence of noise) as verified
by the reader (using Table 2 and Figure 2), but illustrate that
all three systems give good intelligibility for "sentences
known to the listener." Extensive testing would be required to
establish quantitative differences for EMS applications.

The naturalness or voice quality, which includes speaker
recognition, is expected to be superior for the mid-band and
high-band systems. Table 3 lists advantages and disadvantages
of the three systems selected from the discussions and demon-
strations of the EMS-TS.

This discussion was presented to illustrate that none of
the systems appear technically superior in any major way.From the standpoint of possible interference with control
functions of telephone and radio systems, the high-band system
has some disadvantage. From the standpoint of unknown tele-
phone line performance characteristics and effects of acoustic

•••
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TABLE 3. Comparison of Three Systems

ADVANTAGES

High-band 
Good voice quality, i.e.
speaker recognition, pleas-
ing tonal quality.

'Large number of multiplex
systems currently employed.

No problems from harmonic
;distortion of the sub-
carrier.

Mid-band 
Located in the center of the
telephone transmission
characteristics.

Largest number of non-multi-
plex systems can be readily
modified to operate here.

Low-band 
Retains the spectra of
speech which contribute
to high intelligibility.

'DISADVANTAGES

Loss of large section of voice

spectrum contributing to intel-

ligibility.

May interfere with satellite

receiver system control tones.

Could interfere with telephone

signalling frequencies.

Filter design methods are not

as broadly known although no

more complex or expensive

than filters used in other

systems.

Relatively few multiplex

systems currently operating

at this frequency.

Uncertainties inherent in the

low frequency response char-

'acteristics of the telephone

network.

Possible interference with

continuous tone coded squelch

systems (CTC,SS) used for

selective calling in land-mobile

radio systems.

Elimination of power spectrum of

speech.

Requires a special digital track-

ing filter to eliminate 2nd har-
monic of the subcarrier. (These

problems may be greatly amplified

by the non-linear acoustic trans-

ducer used in telephone coupling.)
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coupler distortion at low frequen
cies, the low-band system

has disadvantage. From the standpoint of
 compatibility with

existing non-multiplex systems 
the mid-band system is ad-

vantageous.

The EIA Subcommittee agreed 
to bring together the ma

nu-

facturers of end-deliverabl
e emergency medical

 communication

systems and make a recommenda
tion from the combin

ed EIA Com-

mittee and this group of m
anufacturers to the EM

S-TS regarding

optimum technical factors fo
r a National Standa

rd. They agreed

to address the question of 
selecting a subcarri

er frequency,

the deviation sensitivity, t
he deviation direct

ion, how the

deviation is to be defined,
 the maximum inpu

t signal, the band-

width of ECG signal (signal 
characteristic) and a re

commended

calibration signal. The conclusions 
and recommendation of 

this

Committee were:

1) No significant techn
ical factors are cu

rrently avail-

able and demonstrated 
through experience, to

 provide

a strong rationale fo
r the selection of

 one of these

systems to the excl
usion of the other 

two.

2) All three types of sy
stems have been dem

onstrated to

work and will provide 
satisfactory operatio

nal multi-

plex systems.

3) In view of the prepon
derance of non-multip

lex systems

which are alrerdy in 
the field (and 

perhaps will con-

tinue to be the dominant 
mode of biomedical t

elemetry)

and the fact that tne 
systems are to be com

patible

with both radio and 
telephone line circ

uitry and in

the light of possible, 
interference with sig

nalling

tones and signalling 
frequencies at both e

nds of

the voice spectrum, it 
was the recommend

ation of the

EIA that a National 
Standard be adopte

d using the

characteristics of 
a mid-band sys

tem as shown in

their recommendation in 
Table 4.

4) This standard should be 
made mandatory fo

r all sys-

tems, but systems 
operating at othe

r subcarriers

such as 2300 Hz or 550 H
z be permitted 

to operate as

long as the system is 
capable of switchin

g to the

National Standard to 
operate in a com

patible mode

when necessary.

5) Other methods of modula
tion are also to 

be allowed in

order that innovation and
 improvements 

in the per-

formance of such te
lemetry systems c

an be encouraged

while achieving the goal
 of compatibi

lity and inter-

operability at this 
national subcarri

er frequency

for emergency situations
 where foreign 

equipments
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TABLE 4

Preliminary Copy of EIA Recommendations to 'MC 

On EMS Standards (Subject to EIA Legal Review) 

On September 15, 1974, an Ad Hoc Committee or the

Electronic Industries Association voted to recommend the

following EMS radio telemetry FM/FM modulated subcarrier

method. This recommendation will be presented to IRAC

on October 22, 1974, for their consideration.

1. (a) The subcarrier shall be 1400 Hz.

(b) Subcarrier deviation sensitivity --- 30-50Hz/mV.

(c) Minimum ECG linear dynamic range at input from

patient cable --- ± 5mV.

.(d) Minimum ECG system bandwidth to display 1-40 Hz

at 3 db.

(e) A positive input signal shall create an increase

in subcarrier frequency.

(f) Calibration shall be 1 mV ± 5%.

2. None of the factors considered precluded the use of

either the proposed 2300 Hz or 550 Hz subcarrier.

3. Telemetry systems may selectively allow the use of any

other subcarrier or method of modulation, but must in-

clude the standard subcarrier of 1400 Hz.
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from other catchment areas may be required to work

into common base receiving stations and supervisory

control points.

When these recommendations were presented to the EMS-TS

Committee, objections (EMS-35) were raised regarding the ade-

quate documentation of the recommendations. A request was

made that demonstrations of the low-band (Telecare) and mid-

band (Motorola) systems be given to the Committee. These

demonstrations were arranged for the Nov. 15 meeting and a

technical presentation based on the contents of the report

(EMS-45) was presented at this meeting. Both systems were

demonstrated in a multiplex mode and non-multiplex mode for

comparison of the voice quality and intelligibility. In the

case of the mid-band system, the notch-filter in the receiv
ing

station was not removable in the non-multiplex (voice-
only)

demonstration. Both systems were operated through an amb
u-

lance repeater and operated in direct transmission modes
 from

the portable units to the base receiving units. ECG signals

were derived from simulator generators ("chicken hea
rts").

No discernable degradation of the signals were 
introduced by

the radio relay. These demonstrations confirmed 
the EIA

position that both systems perform satisfactorily
 and produce

acceptable voice quality. The ECG signals were varied over

wide. ranges of pulse rates and showed no deg
radation. No

intermoduJation distortions caused by voice 
interference were

apparent in either system's ECG signals.

Following these presentations and the e
nsuing technical

discussions the federal government represe
ntatives on the

EMS-TS Committee were requested -to vote on the acceptance

or rejection of the EIA recommendations. This vote was

unanimously in favor of accepting the recomm
endation.
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CONCLUSIONS 

The EMS-TS Committee reached a number of conclusions
which are recorded in the meeting Summary Records (EMS-1, a,
b, c, and d) which are summarized here:

1) Communications including biomedical telemetry may be
requirement for emergency medical services.

2) Two-way voice communication is the number-one require-
ment for the emergency medical services communications.

3) New technology exists for the development of digital
data and digital voice communications but such systemsare not now demonstrated and the work of this Com-
mittee should be restricted to linear FM modulated
subcarrier systems.

4) The standard should be developed in such a way as not
to limit future developments and innovation, it shouldalso provide for future telemetry needs if possible
(ECG only physiological signature required at present).

5) If possible the standard should provide a common sub
carrier tone frequency and other characteristics which
would make multiplex and nonmultiplex telemetry
,systems compatible.

6) The subcarrier should be selected for optimum perform-
ance on both radio and telephone transmission systems.

7) Multiplex links for continuous telemetry and voice
transmission may be desirable if adequate performance
and cost criteria can be met,

8) The medical community agrees that well-trained EMTand supervisory control personnel are primary ob-
jectives of emergency medical services.

9) The purpose of biomedical telemetry and communicationin emergency medical services is to support the sta-
bilization and rescue of critically ill and injured
accident victims. The sophistication and complexityof the resultant equipment must not interfere withthis medical care and rescue operation.

10) It is technically feasible to select a single audio
subcarrier frequency for FM biomedical-telemetry
applications in EMS which will assure compatibility
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and interoperability of both multiplexed and non-
multiplexed systems on both radio and telephone
transmission circuits.

RECOMMENDATIONS

1) It is the recommendation of the EMS-TS Committee that
a National standard subcarrier frequency and associ-
ated parameters be adopted for FM multiplex and non-

multiplex biomedical telemetry systems for use in

emergency medical communications. The proposed

standard is contained in Appendix B of this report.

2) It is recommended that this standard be approved by

IRAC for inclusion in the OTP Manual of Regulations

and Procedures for Radio Frequency Management.

3) It is recommended that this standard be approved by

the Federal Telecommunications Standards Committee

(FTSC) for adoption as a Federal Standard to be pro-

mulgated by the General Services Administration.

4) It is requested that this standard be forwarded to

the Federal Communications Commission for their use

in the type-acceptance of equipments for commercial

use in EMS applications.

5) It is recommended that the 'additional parameters contained

in the detailed subsystem specifications for the Transmit

Signal Processor (TSP) and Receive Signal Process
or (RSP)

contained in Appendix C,of this report be adopted by the

community in response to the above standard.

(It should be emphasized that the TSP and RSP
 are con-

ceptual and do not necessarily correspond to actua
l

pieces of hardware. Depending on the equipment design,

some or all of the interface points referred 
to in the

Specification may Or may not exist as physical junctions.

Signal levels and impedance levels for these interface

Points, where specified, apply only to equipment which

has input or output connectors at these points. It is

not the intention of this specification to 
require

mutliplex capability.)

6) It is recommended that a continuing Federal 
authority

be established as the developing agency for cogni
zance

and review of this standard and for the development

of other than linear FM techniques for EMS applications

(e.g., PCM systems). Three possible agencies occur to

this Committee:
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a) The OTP/IRAC through its Permanent Working Group
on Standards (TSCS).

b) The National Communications System through the
FTSC.

The Department of Health, Education, and Welfare
through the Food and Drug Administration as
part of its program of standardization of medical
devices.

BIBLIOGRAPHY

The following bibliography of reports, technical documen-
tation, position papers, and correspondence* has been receivedand reviewed in preparation of the recommended standard by thisCommittee. Copies of these reports and correspondence are
available at the office of:

Mr. Donald Jansky, Chairman
Technical Subcommittee/IRAC
Office of Telecommunications Policy
1800 G Street, N.W.
Washington, D.C. 20504

(202) 395-5623

or

Mr. Joseph A. Hull, Chairman
Standards Working Group/TSC/IRAC
Office of Telecommunications
Institute for Telecommunication Sciences
325 Broadway
Boulder, Colorado 80302

,(303) 499-1000, x-4136.

*Note: A summary of the responses of the medical community isbeing prepared by the Veteran's Administration Representative.This, along with copies of actual responses, will become apart of this bibliography.
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EMS DOCUMENT LOG

EMS-1. Agenda, Organizing Meeting (Attachments: Meeting Notice and
Work Statement).

la. Second Meeting Notice, Agenda, Attendees, Summary Record.

lb. Third Meeting

lc. Fourth Meeting

id. Fifth Meeting

EMS-2. Emergency Medical Services Radio Telemetry Requirements - J.J.
Renner, Advanced Technology Systems, Inc. 

A draft position paper by Advanced Technology Systems on

specifications for a biomedical telemetry system.

EMS-3. Emergency Medical Services Fast Response, Early Treatment of

Medical Emergencies - John J. Renner, Advanced Technology 

Systems, Inc. 

A description of the common system approach for EMS

communications.

EMS-4. Telemetry and Physician/Rescue Personnel Communication -

Dept. of Transportation  (NHTSA).

A final report on a demonstration project designed to

determine the feasibility of supplying advanced emergency

medical care in the field by paramedical personnel and

to assess the results of the training and improved •

communications.

Electronic Equipment Dictionary and Buyers' Guide - EqUip-

ment, Biomedical. 

A listing of medical electronic equipment manufacturers

along with a functional description of available equipment.

EMS-5.

EMS-6. Draft Report and Order for the Establishment of Emergency

Medical Radio Services under Part 89 of the Commission's

Rules - FCC Dockett 19880.

6a. Federal Communications Commission Medical Communications

Services Rules and Regulation.

Telemetry Standards Study - State of Florida (L. Connell) EMS-7

A work statement intended for use in a request for proposal
by the State of Florida. (Work has not been funded pending

results of this committee effort.)
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EMS-8. Communications in Support of Emergency Medical Services
OTP.

Report of IRAC Ad Hoc 120 Committee submitted to FCC,
October 3, 1973.

•

•

EMS-9. EMS: The Concept and Coronary Care - William F. Renner, M.D.
The Union Memorial Hospital (May 20, 1973).

A summary paper points up some problem areas: frequency

allocation structure, standards of performance for

biomedical telemetry. Technical factors influencing

reliability of transmission, and medico-legal considerations
Also presents a summary of statistics on heart attack cases.
A bibliography with 13 references.

EMS-10. Summary Report on Emergency Medical Communications for the
FCC - Advanced Technology Systems, Inc. (February 1974).

Expands and details many recommendations of EMS-8 and
makes recommendations to be included in EMS 6a.

EMS-11. Emergency Medical Services Requirements for Electrocardio-

grams - Advanced Technology Systems, Inc.

A paper with extensive references, which evaluates the

characteristics of ECGs most suitable for use in EMS.
It treats the relationship between information content
and bandwidth requirements.

EMS-12. Medical Device E7 !ctromagnetic Interference Standard, DHEW,

Food and DrugTdminisi-ration (A Work Statement for a

contract with McDonnell-Douglass).

The objective of this project is to research, evaluate
and document performance parameters and methods of test
for use in an electromacinetic compatibility (EMC) standard
for medical devices.

EMS-13. Standards for Cardiopulmonary Resuscitation (CPR) and

Emergency Cardiac Care (ECC), Supplement to JAMA (Journal
of the American Medical Association) Feb. 18, 1974.

Portions of this standard indicate requirements for

communications.

EMS-14. The Emergency Care Research Institute, Background material
on the ECRI and copy of Statement of J.J. Nobel, M.D.,
Director, ECRI, to Subcommittee on Health of the Committee
on Labor and Public Welfare U.S. Senate, 93rd Congress,
Sept. 14 and 17, 1973.
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EMS Document Log - Page 3.

t i nm 7 above -  Florida (L. 'r.nell).
EMS-15. Background material fot

n quwitionnaire sent to fm.
This material includpot

telemetry system surrtiorilf 
State of Florida, Gene--,-2.

Services 
CommunicatioptvLaion approach to develca a

biomedical telemetry 
Atandard, list of pre-hospita:

telemetry system sur..7.ic.rs
patient monitoring 1.1:01001c41

and a description of 
Olair oubcarrier configuraticn-

correspondence from 
r‘ouatir Medical Systems, Inc., 

---rnd

a Specification, Cit. or Clearwater, Florida, for 
ITHF

Voice/Telemetry 
Commuzttcations/Emergency Medical Services

System.

EMS-16. AT&T Technical Refer"" 
Data Sets 603A, 603B and 5a:3D.

These data sets oeAt 
with a gubcarrier frequency nfpo

1988 Hz, a deviaticn 
262 Hz and maintains a r.-=-Yrrse

channel signal tone At 
.167 Hz.

EMS-17. A Study for DC 
Defiltator Safety and

 Performance

Univ. of Utah, Cont;.t:t 
with Food and Drug Admin.

Portions of this drz; 
otandard provide informaticn nn

the portable ECG 
re.:.;T:r-monts and recommended vihrLon

and shock standards.

EMS-18. Land-Mobile Standards :t 
the' Engineer

ing Department the

EIA.

These standards inc. 
S15213 Transmitter, =4 11-m-eiver,

Equipment, 
R

RS210 Terminating .F*- 

R

Continuous Tone Sq.k:e.: 

stqnaling

%. RS237 Sys
tems, RS316 Porl-ies,

RS329 Base Station .81 
RS374 Signaling, RS3E:a

Test Conditions.

EMS-19. Memorandum to Ad HO 
z.:N:

5vS Standards 
Committees from .1-7-zned B.

Vogt, M.D.. (Driftw
re "Thoughts on the:

Establishment of StP 
.„='")August 12, 1974.

This is a response re

(EMS-22) 

uest from Dr. Jackson cf this

committee 

q 
to Mr. Connell

questionnaire to 
t‘i?e)r::-:! 

ponds

Tzy

EMS-20. Letter from 
Francis(..„;A)cto Dr. Sam L. Pool :NASA/

Houston) re profe_
n „aee s or physiologic 

teler-7.....try.,.

August 22, 1974.

EMS-21. Telecare, Inc. respzIr-
L. Connell re his 

Questicznnaire.

This response cont a .--'.mplete 
description of tha=

Telecare Emergency tt and a news 
release from C_Ineral

Houston, Texas. 

rele:are t:
Electric describinc 

system installed a 
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EMS Document Log - Page 4

EMS-22. VA Questionnaire to four M.D.s.

EMS-23. Spectra Associates Inc. letter to J.A. Hull re EMSCSCommunication Telemetry Standard Committee Activity.
This letter contains comments on the 335 Hz telemetrycarrier frequency proposed by Advanced Technology Systemswhich was mentioned in the Second Summary Record (EMS la).

EMS-24. Fairfield Medtac Emergency Medical Communications.
These are draft notes describing a digital modulationtechnique for a telemetry channel and an EMS communicationsystem with the trade name MEDTAC (Medical Totally AdvancedCommunication). A position paper addressed to this committeehas been promised by the company, Fairfield Medical ProductsStamford, Connecticut.

EMS-25. Telecare, Inc. paper prepared for EMS Committee and general
information on Telecare, Inc. paramedical suitcase and its
application in EMS systems.
This is a partial response to Mr. Connell's inquiry. A
more quantitatively oriented analysis and more data fromthe Houston system and laboratory tests have been promised.

EMS-26. NSA Specifications for Privacy Equipment.
These specifications are preliminary (many details arenot included). They deal with interface to telephoneand radio equipments.

EMS-27. James C. Houge (Univ. of Wisconsin) Submissions: Format foran Area Plan (State of Wisconsin) for Emergency Medical
Services Communications; EMS Communications/Telemetry
Planning Guide; Excerpt from Draft report of NAE on
Emergency Medical Communications; Summary of Meeting (2/15/74)of persons involved in paramedical systems; and a list ofcommercial suppliers of portable audio modulatorsystemsfor remote ECG transmission.

gMS-2g. Inter29ency Commission on Emergency Medical Care memo to Hospital Administrators, New Jersey State First Aid Council,Ambulance 'Squads, Boards of Chosen Freeholders re moratoriumon procurement of equipment.
This memo documents the non-interoperability of several'manufacturer's equipments which utilize biomedical telemetry.



30

EMS Document Log - Page 5

EMS-29. Letter of 9-16-74 from Fairfield Medical Products Corp. to
J. A. Hull.

A position paper recommending that a given technique (FM
modulated subcarrier) be specified as completely as
possible with provisions for any new technique to be
submitted and approved and similarly completely specified.
Also recommends 3 frequency operation (VHF-UHF) to simplify
portable equipment.

EMS-30. Letter of 9-11-74 from Motorola Inc. to L. Connell.

Comments from Motorola on inquiry sent by Mr. Connell
"Subcarrier and deviation standards will help solve the
compatibility problem, but systems coordination, area
planning, and commOn sense on the behalf of the buyer is
still the best way of doing things."

EMS-31. Letter of 9-15-74 from L. Connell, Florida to J. A. Hull.

Comments on Mr. Connell's questionnaire from Biocom, Inc.
"The function of all of our paraphenalia and technical
expertise is to enhance the decision making process to
render prompt and effective treatment. Let's not
clutter this up with gadgetry."

EMS-3. Advanced Technology Systems, Inc. Reference Material
bearing upon selection of subcarrier for ECG when
multiplexed with voice on a voice-grade channel /10-1-74).

Selected documents and extracts submitted to Chairman,
EMS-TS and EIA Committee on EMS.

EMS-33. Communication from FCC 10-24-74.

A suggested change in the draft standard distributed at
the Fourth meeting.

EMS-34. Biomedical Telemetry Standard for Emergency Medical Service
Communications, DHEW, Food and Drug Administration. (10-25-74)
A rewrite of the draft standard distributed at the Fourth
EMS-TS Committee Meeting.

EMS-35. Memorandum to: EIA and IRAC Committees on Biomedical
Telemetry Standards,  Advanced Technology Systems, Inc.
(10-25-74).

ATS comments on the Resolution of the EIA Committee
regarding Biomedical Telemetry Standards. Summary of
comments made by Mr. Renner at the Fourth Meeting in which
he objected to the recommendations made by the EIA Committee.



•••

EMS Document Log - Page 6

EMS-36.
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Correspondence to EMS-TS Committee, Fred B.

A letter of concern regarding the content of the
standard and indicating his intent to publish an
commenting on the actions of this Committee.

EMS-37. Correspondence to Mr. John J. Renner, ATS from R.
Bell Laboratories. (10-30-74).

Mx. Watts comments on the material contained in EMS-3 above.

proposed
article

N. Watts,

EMS-38. Comments and a recommended Biomedical Telemetry Standard
for Emergency Medical Service Communications, Fairfield 
Medical Prorl.  cts gorp. (10-31-74)

A rewrite of the draft standard distributed at the Fourth
meeting plus some additional position statements from
Fairfield.

EMS-39. Comments on the draft standard from Spectra Associates, Inc 
(10-31-74).

Comments directed at specific sections of the draft were
made along with some suggested additions.

EMS-40. Multiplexed Bio-Telemetry and Voice for EMS, Advanced 
Technology Systems, Inc. (11-1-74).

A suggested standard from ATS in lieu of proposed draft.

EMS-41. Comments on draft standard from National Communications 
System, Technology and Standards (11-6-74).

This contains suggested changes in the draft standard.

EMS-42. Comments and suggested changes in draft from Motorola, Inc.
(11-7-74).

Notes and suggested revisions from W. R. Hackett of Motorola.

EMS-43. Comments and suggested changes in draft from State of Florida, 
Dept. of General Services. (11-7-74)

Several comments on the draft are contained here along
with a concern regarding tolerances.

EMS-44. Comments and suggested changes on the draft from Univ. of 
Wisconsin-Madison, Advisory Center for Medical Technology
and Systems (11-15-74)

Comments on specific sections of draft.
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EMS-45. Technical Analysis of ECG-Voice Multiplex Systems,

Motorola, Inc. (11-15-74).

This is a report, prepared by Dr. Gordon W. James, on

behalf of the EIA Committee intended to document the

basis for recommending the mid-band subcarrier frequency

as a National Standard.

EMS-46. Interim Report to Chairman, Task Group on Standards f
or

Telemetry from Veterans Administration (11-15
-74).

Copies of correspondence from several members
 of the

medical community in response to a questio
nnaire sent

to them by Francis C. Jackson, M.D., VA 
representative of

the EMS-TS Committee. He also prepared a brief summary

contained here.

EMS-47. Letter to Chairman, EMS-TS from FCC (11-20
-74).

Request to incorporate a statement into 
standard indicating

continued interest in establishing the 
optimum system

performance at other than 1400 Hz sub
-carrier frequency.

EMS-48. Comments on 11-15-74 draft standard by Na
tional Communication

System, Technology and Standards. (
11-20-74).

These comments apply to second draft 
distributed on 11-15-74.

EMS-49. Letter to Chairman, EMS-TS from Fred B. 
Vo9t, M.D. (11-20-74).

A request for documentation of the basis 
on which the EMS-TS

made its decision to :ecommend 1400 Hz 
including the manner

in which this decision was reached.

Communication to Chairman, EMS-TS fro
m State of Florida,

Dept. of General Services (11-21-74).

This contains a response from Commercial 
Electronics and

Communications, Inc. to the qu
estionnaire mentioned in

EMS-15 above.

EMS-50.

EMS-51. Respose to the draft distributed 11-15-74 
from Physio-Control 

(11-25-74).

This contains a concern regarding the 
referencing of FDA-

MDS-021-0001 draft standard and recommend
s a change in

Sections 6.2 and 6.3.4 of the draft.
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EMS-52. Letter dated Oct. 31, 1974 from A. S. Berson, VA to
J. A. Hull.

Comments on EMS-34.

EMS-53. Letter dated Nov. 26, 1974 from G.J. Wade, Fairfield Medical 
Products. Core.

A recommended Biomedical Telemetry Standard for Emergency
Medical Service Communications.

EMS-54. Letter dated December 6, 1974 from A. S. Berson, VA to
J. A. Hull.

Comments on draft Standard circulated at Nov. 15 meeting.
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APPENDIX A

STATEMENT OF WORK FOR BIOMEDICAL TELEMETRY STANDARD

PHASE I

1, CONDUCT A SURVEY AND STUDY OF OTHER TELEMETRY STANDARDS IN

ALL AREAS WHICH MAY BE APPLICABLE TO BIOMEDICAL TELEMETRY

TECHNIQUES,

2. DETERMINE REQUIREMENTS FOR THE SUBCARRIER TONE FREQUENCY OR

FREQUENCIES WHICH WOULD BEST MEET THE FREQUENCY RESPONSE

TRANSMISSION CHARACTERISTICS OF THE AVERAGE TELEPHONE LINE

IN THE UNITED STATES,

3. DETERMINE REQUIREMENTS FOR THE AMOUNT OF SUBCARRIER DEVIATION

NECESSARY TO SATISFY SIGNAL-TO-NOISE RATIO REQUIREMENTS,

4, DETERMINE THE FEASIBILITY OF ESTABLISHING ONE SUBCARRIER

FREQUENCY AS A STANDARD TO BE USED FOR BOTH VOICE AND

TELEMETRY MULTIPLEXED SYSTEMS AND TELEMETRY ONLY SYSTEMS,

5. DETERMINE CALIBRATION PROCEDURES AND WAVEFORMS WHICH SHOULD

DE INCORPORATED IN THE STANDARD.

6. PREPARE A REPORT ON THE FINDINGS OF THE PHASE I EFFORT

CONTAINING DATA TO BE INCLUDED IN A BIOMEDICAL TELEMETRY

TRANSMISSION STANDARD,

PHASE II

PREPARE A DRAFT FEDERAL STANDARD ON BIOMEDICAL TELEMETRY

TRANSMISSION WHICH INCORPORATES THE BEST COMPROMISE OF ALL FACTORS

AND FINDINGS OF THE PHASE I EFFORT,
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APPENDIX B

Biomedical Telemetry Standard

for

Emergency Medical Service Communications

See attachment to cover memo to the Executive Secretary

of IRAC.
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APPENDIX C

Detailed Specifications for

Transmit Signal Processor and Receive Signal Processor

Note: The detailed specifications of signal levels,
impedances, and tolerances of these subsystem interface
parameters are being coordinated with the EMS-TS Committee.
This appendix will be a part of the final report of the
EMS-TS Committee and will be a valuable addendum to the
standard useful to both the system engineering communities

and procuring communities, and the industry which must

supply the necessary hardware.

"1.1••••••••.
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