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ADDENDUM

Supplement to pages 21-22.

Emergency ——
Medical

Services

While this publication was in press,

listed four frequencies and their

Communications. Baas meim.” o =
Federal Communications Commission (FCC):

Systems Rules and Regulations Changed By

Docket No. 19327 (dated 7-29-72)

Table4A (Supplement)
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

SN -

the Federal Communications Commission (FCC)

FREQUENCY SER with OTHER FREQUENCY SER with OTHER

{MHZ) Limitations* ALLOCATIONS {MHZ) Limitations*  ALLOCATIONS
35.64 x(5, 6, 7) 43.64 x(5, 7)
35.68 x(5, 6, 7) 43,68 x(5, 7}

*Limitations: The above numbers in parentheses are explained in the following

paragraphs:

5.

This frequency will be assigned only for one-way paging communications to
mobile receivers. Transmissions for the purpose of activating or controlling
remote objects on this frequency are not authorized.

Prior to Octokber 1, 1974, 35.64 MHz will not be assigned within 40 miles of

the center of Houston, Texas; Portland, Maine; Charleston, West Virginia;
Boston, Massachusetts; and Binghamton, New York; nor will 35.68 MHz be assigned
within 40 miles of the center of Portland, Maine; Boston, Massachusetts;
Binghamton, New York; and Charleston, West Virginia. The centers of cities

are taken as the reference points indicated on pages 226-238 of the

U.S. Department of Commerce publication "Air-Line Distances Between Cities in
the United States."

Available for assignment only to eligible hospitals and to those ambulances
which submit a showing that they render coordination and cooperation with a
hospital authorized on this frequency.

Supplement to pages 21-22,
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U.S. DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE

Health Services and Mental Health Administration (HSMHA)

Headquarters Address

DHEW Region I:
Regional Health Director
HSMHA

John F. Kennedy Federal Building

Boston, Mass. 02203
Phone: 617-223-0827

DHEW Region II:
Regional Health Director
HSMHA
26 Federal Plaza
New York, N.Y. 10007
Phone: 212-264-2560

DHEW Region III:
Regional Health Director
HSMHA
401 N. Broad Street
Philadelphia, Pa. 19108
Phone: 215-597-9191

DHEW Region IV:
Regional Health Director
HSMHA
50 Seventh Street
Atlanta, Ga. 30323
Phone: 404—-526-5007

DHEW Region V:
Regional Health Director
HSMHA
300 S. Wacker Drive
Chicago, I11. 60606
Phone: 312-353-1385

Regional Offices

Headquarters Address

DHEW Region VI:

Regional Health Director
HSMHA

1114 Commerce Street
Dallas, Tex. 75202
Phone: 214-749-1271

DHEW Region VII:

Regional Health Director
HSMHA

Federal Office Building
601 East 12th Street
Kansas City, Mo. 64106
Phone: 816-374-3291

DHEW Region VIII:

Regional Health Director
HSMHA

Federal Office Building
1961 Stout Street
Denver, Colo. 80202
Phone: 303-837-4461

DHEW Region IX:

Regional Health Director
HSMHA

Federal Office Building

50 Fulton Street

San Francisco, Calif, 94102
Phone: 415-556-3810

DHEW Region X:

Regional Health Director
HSMHA

(Mail Stop 611)

Seattle, Wash. 98101
Phone: 206-442-0430
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FOREWORD

This booklet was prepared to help communities to develop a
communications network to serve their emergency medical care needs. It is
intended for use by persons with some knowledge of emergency medical
services and their operations who are ready to plan the communications
components for lacal or regional emergency medical care systems.

PARTV

SOURCES OF ASSISTANCE FOR EMERGENCY
MEDICAL COMMUNICATIONS

For technical advice or information about possible financial support in the
development and implementation of emergency medical communications, the
following organizations may be contacted nationwide as shown hereafter.
Potential assistance available from the various groups is described briefly.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

o Information and guidance is available on emergency medical communica-
tions matters. Provides technical assistance to States and their communi-
ties on designing communications systems to meet area emergency medical
services plans.

Contact points: Division of Emergency Health Services, HSMHA*
Regional Health Directors at ten DHEW Regional Offices (See back cover
for addresses).

e Hill-Burton funds available to eligible hospitals to procure communica-
tions equipment.

Source: Health Care Facilities Services, HSMHA*

For information, contact: Hill-Burton Program Director in State
Departments of Health.

e Assistance in community comprehensive health planning.
Source: Comprehensive Health Planning Service, ISMHA*

For information, contact: Comprehensive Health Planning Agency
offices in the several States,

e Funds to support various types of emergency medical services programs
that might include communications.

Source: Regional Medical Programs Service, HSMHA*

For information, contact: State andfor Areawide Regional Medical
Program offices in the several States; or DHEW Regional Health
Directors (See back cover); or State Departments of Health.

*Health Services and Mental Health Administration, U.S. Department of Health, Educa-
tion, and Welfare, 5600 Fishers Lane, Rockville, Md. 20852.
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® Will there be an Emergency Operating Center for all emergency
functions?

@ Will the ambulances be equipped to provide pre-hospital coronary care
capability? If so, where will the fixed coronary care terminal or termi-
nals be?

® Does the hospital or hospitals with the fixed terminal(s) have adequate
staff to provide a round-the-clock response to telemetered data?

® Will provision be made for ambulance attendants to have the capability
to talk by radio to hospital emergency departments? to central dis-
patch? to other ambulances? to physicians outside the emergency
department? to police, fire, or other civil units?

® Who is going to provide the emergency medical transportation service?

® To what extent will the fire department, police department, volunteer
squads, and private enterprise be involved in the service?

® Where will the ambulances be based?

® How will the victim of an accident or suspected heart attack enter into
the emergency medical services system?

® Will the public be able to dial “911” toll free from anywhere in the
area?

® Will the public be educated to call a police or fire dispatcher? a
hospital? or “911°*?

Interagency Cooperation In Emergency Communications

Good management principles insist upon effective utilization of existing
resources. Applying those principles to an emergency medical communica-
tions system requires interagency coopération and multi-agency use of facili-
ties, manpower, and other resources. One way of bringing about this coordi-
nation is through the establishment of an Emergency Operating Center (EOC)
which incorporates sharing and integration of services. A command post for
emergency medical services exclusive of other emergency services required
during major emergencies or disasters is economicaily unsound for most
communities, and separate command posts for various public safety and serv-
ice agencies make coordination difficult. By placing day to day command and
control functions for police, fire, rescue, and public works together in an
Emergency Operating Center, it is possible to overcome most of the coordina-
tion problems which arise during a major emergency or disaster. The impor-
tance of embedding the normal emergency medical services system in that
which is planned for disaster response cannot be overemphasized, This
approach assures a working system which needs only augmentation as
necessary or possible to provide disaster response to the limit of its capabili-
ties.

The following recommendation was made at the National Symposium*® on
the Development of a Model System for Emergency Medical Services in a
Metropolitan Area: “In general, it is not necessary to create a new

*Ileld May 6-7, in Philadelphia, Pa.

oty g
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To date most 911 systems are within a single jurisdictional area. When more
than one political jurisdiction is included, it is more difficult to establish the
system — not because of the technical problems, but because of the problems
of obtaining agreement among different agencies and jurisdictions on the
working arrangement. To overcome these problems, public officials must
understand that 911 can provide better emergency service to the public;
public safety organizations must understand that the system allows them to
retain control over their own dispatch functions; and the public must
understand how to use the system.

Public Officials

Although government officials have shown no direct opposition to the
911-concept, they are sometimes apathétic, and apathy is one of the surest
ways to kill the idea. The National Service to Regional Councils reports that
“in every area where 911 has been adopted, a prominent frequently-clected
local official has had to push the concept as an issue, sometimes publicly.”
And the Franklin Institute Research Laboratories, Philadelphia, Pa., in its
report entitled 911 — 4 Study of the Single Emergency Telephone Number,
states that “t is significant that in most areas in which 911 has been installed,
the decision to implement the system has been political. 911 has not been
installed at the request of public safety organizations nor through the
initiative of telephone companies, but rather because it was a politically wise
decision.”

Public Safety Organizations

Public safety organizations must understand that the 911-system will, in
fact, improve their operations. It will not weaken or downgrade their
operations nor will it take away any of their responsibilities. In the
911-system, a public safety organization can retain control over its own
dispatch functions.

Emergency service agencies often argue that implementation of the
911-system will increase their response time. This argument will not stand up
under analysis. The most glaring flaw in the argument is their definition of
response time as the “time interval between the receipt of an emergency call
by the 911-operator and dispatch of the appropriate emergency resource.” It
completely disregards the time lapse between detection and notification.
Under a single number system, summoning assistance is virtually automatic.
Without a single number system, the sequence of events from detection to
notification is further interrupted by the requirement to seek the proper
number in a telephone book. Dialing the operator will not necessarily
alleviate this problem. The operator very often is located at some distance
from the caller and may have even less information about the emergency
medical resources available in the area. The length of this interruption is
frequently compounded by the excited, highly emotional, or confused state
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ambulatory surviving victims, or the casual passerby. The State of Nebraska
has organized a voluntary highway accident surveillance system composed of
State and county radio equipped vehicles; Department of Roads vehicles;
vehicles which operate in rural areas on a regular schedule such as R.E.D.
mailmen, milkmen, milk tank trucks, bakery trucks, etc; and citizen’s band
volunteer groups. Some exploration has been made into the design of an
automatic electronic alarm system built into vehicles which would alert
appropriate authorities that an incident had occurred which might require
aid. However, such a system does not appear to be imminent at this time. For
the victim of a heart attack or other sudden illness, emphasis has been placed
on early detection followed by immediate communication with the appro-
priate authority. In order to reduce the interval between the incident and
initiation of definitive care, some communities have conducted educational
programs aimed at alerting the public to symptoms that might be indicative
of a heart attack.

Emergency Telephone — 911

Reducing the time between detection and notification has been given great
impetus through the establishment of the umiversal emergency telephone
number 911. From its inception in January 1968 until June 1972, approxi-
mately 230 communities have adopted the 911 system. Although the installa-
tion of this system may require considerable effort, the cost is usually nomi-
nal. The local telephone company is available to assist in planning the system
for the individual community.

Dispatch

Communication needs during dispatch require channels by which the
ambulance crew can be notified to proceed to the scene of the emergency.
Dispatch can normally be made by telephone to reduce the radio air time.
However, this does not eliminate the requirement for radio communications
between the ambulance and the dispatcher. Two-way radio communication is
necessary during the closure and action stages, This permits the dispatcher to
supply supplemental information to the crew of the emergency vehicle and
enables the crew to request assistance as needed enroute. It also permits
change in destination or assignment while enroute and reassignment while
returning to the ambulance base from the hospital. This permits the dis-
patcher to supply supplemental information to the crew of the emergency
vehicle and enables the crew to request assistance as needed,

Two-way radio communication between ambulance and hospital is neces-
sary during the action stage of the cycle if optimum emergency medical care
s to be provided. The voice channel to the emergency room from the scene
of the incident enables the emergency medical technician at the ambulance to
request advice to aid in stabilizing the condition of the casualty pror to
transport. Communities should consider equipping ambulances with portable
communication units for use where victims are beyond the point where the

s S ~ et e

PARTIV
THE 911 SYSTEM

In January of 1968, the American Telephone and Telegraph Company
announced the establishment of Nine-One-One (911) as the single emergency
telephone number for use in the United States. The single emergency number
concept is not new. It has been used in England for more than thirty years.

The 91l-spstem can be described as an easy-to-remember, three-digit
telephone number used to provide the general public with an immediate and
direct access to emergency service resources. The system eliminates the need
for the caller under stress to make decisions for which he may be ill-prepared,
particularly when outside his home community.

About 230 of the 911-spstems exist today in jurisdictions which range in
population from several thousand to several million. Although public
acceptance generally has been favorable, Public Safety Agencies have
sometimes been reluctant to adopt this system. Following is a discussion of
the 91I-system which in part explains the problems which must be faced and
solved by public officials and the public safety agencies,

Boundaries

Technically, it is possible to design a 97I-system to serve all of the
continental United States from one central dispatch center. Operationally,
however, it would neither be practicable nor cconomically feasible. Such a
dispatch center could only have computer stored knowledge of the available
emergency resources. Dispatch center personnel, however, must have a
personal knowledge of the resources and must keep up with changes in them.
The area, therefore, comprising a 917-system, to be efficient, does have some
size limitation; but the area does not have to conform to any geographic or
jurisdictional boundaries. It will, however, normally coincide with
jurisdictional boundaries. A system may be comprised of any or all of the
following (see Figure 1) elements:

1. Telephone Central Office Area — in larger urban areas, political
jurisdictions and boundaries of telephone central office areas rarely
coincide.

2. Various jurisdictional areas — a city and miscellaneous surrounding
townships, boroughs, villages, etc.

[78)

. A 911-Communications-Center for the entire region.

4. Various public safety organization locations. (Not shown on figure 1).
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EXAMPLE COMMUNITY:
EMERGENCY MEDICAL COMMUNICATIONS SYSTEM

It should be emphasized that the emergency medical services communica-
tions system must not consist of an uncoordinated assemblage of equipment,
but rather an equipment configuration geared to the needs of the community
plan. Because there are so many differences in the emergency medical com-
munications requirements of various community/area emergency medical
services plans, there is no one model system, The example of a medical
communications system presented in this publication, therefore, is not a
model. 1t illustrates the communications hardware selected to meet the
requirements of a particular system which has been well-defined by the area
planning group. The system to be implemented has been defined as follows:

1. Ambulances and emergency medical technicians will be stationed at
hospitals. This decision was based on three factors:

a. Response time was not adversely affected by basing ambulances at
hospitals;

b. Capability to use emergency medical technicians to augment hospi-
tal staff when not-on ambulance runs;

¢. Easier to keep emergency medical technicians current on medical
techniques.

2. Area planning for the single emergency lelephone number 911 is
nearing completion and the system is expected to be inaugurated soon.

3. A new Emergency Operating Center (EOC) in the city/county adminis-
tration building is now being completed which is equipped with its own
emergency power, water, and sanitation facilities. Police and fire dis-
patch services also will be operated from this location. By mutual
agreement among public safely agencies, it was decided that the fire
department would provide dispatching for emergency medical services,
Because studies have shown that the daily ratio of medical emergency
calls to population is 1:10,000, it was concluded that this community’s
population would not justify 24-hour-a-day dispatchers for medical
emergericies only,

4. Ambulances would be equipped to provide z full range of service
including care for heart cases, with medical supervision being provided
through telemetry. State law permits emergency medical technicians to
perform defibrillation, administer intravenous fluids, and give other
pre-hospital coronary care under medical supervision. All ambulances
will meet standards set forth in the recommendations of the National
Academy of Sciences—National Research Council.

% . i -

—~—

PART Il
BIOMEDICAL TELEMETRY

Biomedical telemetry is the technique of measuring and transmitting
certain vital life signs to a distant terminal. Vital life signs are assessed by
monitoring the heart, lungs, brain, and temperature. Currently when the term
“telemetry” is used in medical care it usually refers to the graphic
presentation of heart action as expressed by an electrocardiogram. The
method used to transmit electrocardiographic information to a distant point
employs a reference audio tone, for example 1000 Hz, which is made to vary
with the voltage generated by the action of the heart, This varying 1000 Hz
tone is used to frequency modulate the radio transmitter. The signal received
at the distant terminal is amplified and demodulated to produce a voltage
which is an exact replica of the original. This voltage is converted to the
graphic plot of the heart action.

An effective biomedical ielemetry system cannot be limited to the
transmission of telemetered data only, It must include channels for voice data
interchange between the fixed and mobile terminals, The telemetry system
may take one of several configurations depending upon the decisions made by
the planning authority. If continuous telemetry data (ECG) is required by the
planned system, then the ambulance must be equipped with one of the
following configurations:

1. To transmit on both frequencies of a frequency pair allocated for
telemetry, e.g., 463.000 and 468.000 MHz. This would require that the
ambulance be equipped with two UHF transmitters and one UHF
receiver. Telemetry would be transmitted to the fixed terminal on the
mobile only frequency, 468.000 MHz, and voice data interchange
between the fixed terminal and the ambulance would be transmitted
on the base and mobile frequency, 463,000 MHz.

2. To multiplex (combine) both telemetry and voice data on the mobile
only frequency of the telemeiry frequency pair (468.000 MHz.} and
receive voice data from the fixed terminal on the base and mobile
frequency of the pair (463.000 MHz.). In addition, the fixed terminal
must be equipped with demultiplexing equipment for each available
channel to separate voice and telemetered data.

3. To transmit telemetry data on the mobile frequency of the telemetry
frequency pair, and transmit ambulance voice data on one of the VHF
frequencies, 155.340 MHz for example. (Remember that the VHF
frequencies are shared with other eligible licensees.)

If the planned system does not require continuous telemetry, then the
ambulance equippage will require a UHF transceiver configured to receive on
the basc station frequency of the frequency pair and transmit on the mobile
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Table 1: Communications System

HOUSEKEEPING FREQUENCIES
FREQ. | DESIG. | ASSIGNED
155.160 Fl HOSP #1
155.205 F2 HOSP #2
155.235 F3 HOSP #3
155.265 F4 HOSP #4
155.295 F5 HOSP #5
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(MINOR)

EMERGENCY OPERATIONS CENTER

VHF RADIO REQUIREMENTS

TRANSMIT RECEIVE

PURPOSE

155,145

155.145

DISPATCH
155.280 EMERG. COORD.

|
|
W
|
“
%

intensity of illumination on this area is 100 times greater than the intensity
previously existing. The gain in illumination over this one square meter area is
100. Expressed in dB, it would be ten times the logarithm of 100 (which
equals 2) or 20 dB of gain, In like manner, if an antenna radiation pattern
concentrates the radiated energy in a desired direction as compared to an
isotropic radio frequency radiator, it is said to have gain and the amount of
gain is normally expressed in dB,

The antenna system plays an extremely important part in the transmission
and reception efficiency of any radio communications system. Transmission
power levels are limited by FCC rules and the reception minimum usable
signal level is limited by local man-made noise. The antenna system can, to
some extent, compensate for these limitations. Careful antenna selection,
base station antenna site selection, and antenna height all can be used to
adjust the coverage area needed by the communications system. Antenna
configuration also can be used to fit the radiation pattern to the shape of the
service area.




e

DT "DUINd | 082°SS1 | 08T'SSIT
‘0T "OUTIWA | OvESSI 0bess!
HoLvdasid | swlssl | SPISSI
450d4Nd | SAlH04d | LINSNVHL
SINFWTIINDTY OIaVY
JHA JONVINGNY
¢
i
(YONIW) .
23
TV.LIdSOH
mvb.u'\
oDI'89Y | OCOU'ESP | DOI'E9F [ 001'89% Yoy,
DSO'89Y | 0S0'€9F | OSO'E9y | 0S0°89% /
000'R9Y | OO0 EoF | OOOE9Y | 000'89%
TAIADTY | LINSNVHL [TATHOAY | LINSNVIL
TY.LIdSOH d0OIVI HONV 1NGNY \
(zHW 09%) 4HN Y
SINTWTRINOTY 01aVYH %ﬂ
Td AW 1AL TV LIdSOH~dONVINEWY
(4ONIW)
w
1V.LIdSOH
AINO dSOH VI | o08z'ssi| 087551
Daud OISH | QOAYSST | )Y ssT “
0394 "DUIWH OVESSI | OFEGSL |k
HOLVdSId SPISSI ﬂ
A50dul1d TAMO9d | LINSNVAL | |
(aNva HOIH) JHA

SINAWEIINOTY 01avd

AHA TVLIdSOH

oy sl i

a1} “e2BJINS JO 19jour dIenbS SUO UO PAIRNUSIUGD MOU 5T ‘SId]AMW arenbs 001
AU} 130 paIngInsIp Afusas Ajsnoraaid ‘UOHEURUN[L 31} JO [[B SOULG "8TJINS
Jpuut s 2101ds 91} UO I)aL 21EnbS SUO JO BAIT UB UJ PIITIIUIOUOT MOU SI dy
SIY) JB1[} QUWINSSY “WIBAQ MOJIBU B O}u] JYJI[ SH SHTHUIUOD I030aJal ydysey
g st jenf ‘BOIE DUC OJUT POJEIIUOIUGY 3G [ IYSI[ 91 WO} UOHEBUIN{L
12101 53 “3yS1] 3o 221n0s oy} woy ouesip sodoid oty e poouyd s1 suorsuALIP
pue odeys 1031100 2yl Jo 10303pjer joapied B 3] ‘iojeipel 181 ordoxjost
Ue SE UMOUY §{ PuT a1oyds Y} JO 0JEJINS IUUL UL Sy} SEURLN[] AJUdAD
A 3yS1p sty cs1919w olenbs QQT JO Ealg J0BJINS apIsul ug Suraey aoyds
MO[[OY B JO 19)u20 Y} 1T pode[d sI TSI Jo 90IN0S E JEY) JWNSSE S0 397
y81y Bursn ASojeur
ue Aq pourejdxa 9q uELd pue UEUIOJIad BUUOJUE SINSEII 0} Pasn SPOlIall
oY) WOJj PIAHSP SI U0} SIYL “juswdmbo pue Swo)sAs SUONEDMUNIUOD
orper jo suopduossp uf pasn u9jjo sI UIES puugue,, UMY} YL

SIWAISAG BUUIIUY

‘wayl
0} WAOUOd OU Jo $3TuSSOUT YIIM ST} J9YI0q J0U S30p 1 10q ‘ul Jurusisy
WIOI] $1980 19110 JUdAald 10U S30P 1] "UO PIUIN] 51 IBAIG0AI s [endsot] 18 ‘5ZS
S[BIP 10ALP 2OUE[NQIUE Y} PUB STG ST SSIPPE 9pOD §,[BNdsOy € J] "PAjeAljoe
212 SHNDIID OIPNE 531 “I9A10001 JE[nofiied B JO S5IPPE 8poo alf) 0} spuodsariod
(Poferp Ajjensn oIe SIoqUINU 29N 10 OM) Kouonbazy 1081102 o1 jo
sospnd JO Joquimu 91} J] “Wa)SAS orpnt Ay uo wing ‘13podap [E}BIp § JaATa00X
ot} Aq papo22p PUE 13A1902! OIPEI 91} AqQ PIAIaoal UM ‘gosind esoY], *PIEIP
1aquinu o1y 0} Surpuodsariod sesind jo Jaquinu i) JIE U 1oA0 N0 uas
aq 07 souo3 pasjnd sy sasnea 31 Suireq [eIp suoydo[e) PICPUE)S E SIGUIDSAI
yorym Iopooua Jeydip B Aq pejjoniuod ST wojsks auo) [eusSip siy, "souo}
posind sosnt JINOND OIPNE JAAIRAI 4y oyl uo Bupuwing JO sueow JAjouy
*SUIgIsAs
1openbs papod-auo) sjeiado o} pasn a1k (sfo 000£-00¢) pueqssed Aousnbaly
olpne a1 Mo[aq oI YPMM ($/0 (§Z-09) sewuenbaly UQL "9OUAJIUL
[eunEyo-00 Gurjesso Jo KNI oq UEd 31 “IBAP § [SUUBYD I} T SUNLISP
0} SuruaiSy 1SIJ IMOUIM JRUSUEI] O} Spaedord pue | JOUUBRYD IEJJD,, B
SB1[ 71 SOIUNSSE SLIAJSAS [AUUBYD-02 SIOUL JO OM) JO UOIEIS QUO J] "adUalapIajul
[ouuey2-05 2)NINSUCd SpEudis PINSIP PIM AJSNOLUEBI[NILIS PIAIIIN
sjeudis palIsapu) ‘9OUSIAJISUL [OUUBYD-0D 9JEAID UBD 8N Jadorduny 1oy
Nq S[EudiS POIUEBMUN S)BUTWIND SINOID 9Say], ‘Jouutyd Aue piend Aoy} op
Jou aunf aeard & apraoxd 10U op Aoy} 1EY) “J0AdMOT] ‘PIIOU 3q 1SN I faul]
91BALL],, PUT ,PIEND) [OUURYD,, SE YINS SOWBU SPEI] TRIAASS JAEY S)NDID
asot, “pIeal] 9q 0) UOIssIIsuel) sy Supiuued UO PoUIN] Sk SHNIID OIpnE
5 19A13001 92U} PUE PIJEN)oE ST JINONO yofenbs oy ‘Aousnbary ouoy 3001102
a1} sopnjour jeuds paArooal 9y} Ji “[BUSIS papITLsue) ) Ul paierodioour 9u0)
otpne Aouonboly MO| & Aq PIIBATOR SI 1112410 y2janbs papod-auol ], ‘speudis
pajuemun ajeuiunfe o} podojeasp sem ymogo ioppnbs papos-auor YL
(o Buls[e],, SE UMOIDY $I UOHOE S, “}INDID
OIpnE 51y} UO WIN} pue JMad yofenbs st 2jEAldE O] AJJUSILYNS J9A0]
® 12inb sewpoutos ued {Aousnbaly paisap i Jo opIs I ZHH QE 10 <1)




Dispatch

The dispatch function for this emergency medical services system was
designed so that either a hotline or radio frequency (155.145 MHz) could be
used. It was planned that dispatch would normally be carried out using the
hotline in order to reduce radio “on the air” time. The hotline also would be
used to notify the major hospital of the start of an ambulance run and the
frequency or channel assigned for biomedical telemetry. Since the Emergency
Operating Center serves as the command and control center for all emergency
resources during any disaster, communications with the major hospital have
been provided using cross band techniques. The major hospital receives on
155.145 MHz and transmits on 155.280 MHz. The Emergency Operating
Center receives on 155,280 MHz and transmits on 155.145 MHz.

Ambulance Equipment

In planning the equipment for the ambulances, the following decisions
were made:

1. It was anticipated there will be occasions when consultation with the
hospital emergency department is required before the patient can be
moved to the ambulance. Therefore each ambulance will have a
portable VHF receiver and a portable UHF transmitter in addition to
the mobile equipment installed in the vehicle. This equipment will
permit communication with the major hospital using the ambulance as
a relay point.

2. Each ambulance will have a multiplexer that can be used with either
the portable or vehicle communications equipment to combine voice
and telemetry signals on one transmitter.

3. Each transmitter will have the capability of continuous key down
operation without output signal degradation for a minimum period of
two hours.

4. Three UHF frequencies were allocated for biomedical telemetry and
associated voice communication. A separate VHF frequency was pro-
vided for ambulance—hospital communications not associated with bio-
medical telemetry. During the phase of operation when telemetry is
transmitted from the portable unit, the portable UHF transmitter will
transmit telemeiry data and voice on one of the 463 MHz channels,
The ambulance UHF communications equipment will receive on 463
MHz and retransmit on 468 MHz to the major hospital. During this
mode of operation hospital instructions to the technicians will be trans-
mitted on one of the VHF frequencies (155.280 or 155.340 MHz).

Hospital Equipment

In planning the equipment for the hospitals, the following decisions were
made:

10

will produce an output signal consisting of SIGNAL + NOISE +
DISTORTION 12 dB louder than the NOISE + DISTORTION, heard
when no signal is present at the receiver antenna input terminals.

Selectivity

The selectivity of a receiver determines the extent to which the recciver
can differentiate between the desired signal and undesired signals at other
frequencies. For example, consider a receiver with a channel spacing stated as
30 kHz and selectivity specified as 80 dB. An undesired signal 30 kHz above
or below this receiver’s assigned frequency would need a power level one
hundred million times greater to produce the same level of output as a signal
at the desired frequency. If these figures are converted to a voltage ratio, the
undesired signal would have to be 10,000 times greater to produce the same
output level as the desired signal.

Spurious Response Attenuation

Reduction of spurious response in receivers and spurious radiation in
transmitters has increased with improved design and components, Prior to
1948, spurious responses and radiation were responsible for a large percentage
of interference. Now, except in locations where several transmitters and
receivers operate simultaneously, interference from spurious response is
virtually eliminated.

Intermodulation (IM) spurious responses are a more serious interference
problem. This type of interference is generated in a non-linear curcuit (all
transmitters and receivers have them) by the mixture of two or more signals
which fall in, or near, the affected frequency. For example, a 455 MHz signal
and a 300 MHz signal mix to produce intermodulation frequencies of 755
MHz and 155 MHz. The latter frequency, if created at the input of a receiver
tuned to receive 155 MHz, could cause considerable interference, depending
upon its power level.

Eliminating Neise and Unwanted Signals

The radio frequency channel assignment of 155.340 MHz is not a private
communications link within its particular service area. This channel is shared
by all stations assigned that particular frequency. For example, if five
ambulances, a dispatching center, and three hospitals all share the same
frequency, and each receiver responds to every transmission, Continual
chatter on this channel could be annoying to those not directly concerned.
This unwanted reception is termed “botherance” — the effect of undesired
signals when no desired signal is being received.

The audio squelch circuit was devised to eliminate the continual
background noise heard when no signal is being received. This circuit uses the
background noise itself to turn off the receiver audio circuits when the noise
level is high. Since a received signal has a quieting effect upon background
noise, this effect is used to turn the audio circuit on. The audio squelch
circuit eliminates background noise, but does nothing to reduce the
“botherance”of unwanted signals. In addition, adjacent channel transmissions

-~
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TABLE 2
Emergency Operating Center
-155.145 MHz

-155.145 MHz
- 155.280 MHz

1 VHF Transmitter/Receiver
1 VHF Antenna
1 VHF Receiver
*1 VHF Crystal Filter (15 KHz passband at 155.280 MHz)
1 VHF Antenna
1 Antenna Tower
Remote Control Equipment to Suit EOC System Configuration

*Used to protect 155.280 MHz Receiver from 155.145 MHz Transmitter

-155.280 MHz

Major Hospital

1 VHF Base Station (Transmitter/Receiver - 155.340 MHz
1 VHF Base Station Transmitter/Receiver (2 freq) - 155. - [F(X) as
assigned] and 155.280 MHz
1 VHF Receiver -155.145 MHz
3 UHF Receivers Receive
MHz
468.000
468.050
468.100
1 “3-Frequency” UHF Transmitter Transmit
MHz
463.000
463.050
463.100

2 Phone patch equipment
3 Demultiplexer, with cassette recorder
*1 Duplexer, UHF

2 VHF antennas —~ Asrequired to satisfy normal and emergency operations
and paging

2 UHF antennas

1 Antenna Tower
Remote Control Equipment to suit system configuration
Paging Equipment — Number and kind as determined by hospital
Telemetry read-out devices — May be combined in Demultiplexer.

*Used to protect UHF Receivers from the UHF Transmitter
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Table 4C (Continued)

5. This frequency may be assigned primarily for mobile dispatch response
by ambulance and personnel operating bio-medical telemetry units in this
service under an area-wide radio communications plan involving central
dispatching on the associated base-mobile frequency 460.525 or 460.550
MHz. When authorized for this dispatch response purpose, this frequency
may be used on a secondary basis for the purposes and in the manner set
forth in limitations (1), (4), and (6).

Mobile stations authorized to operate on this frequency may be used to
extend the range of transmission between portable telemetering units and
hospitals or other medical care facilities. Each mobile station used for
this purpose shall be so designed and installed that it will be activated
only by means of a continuous tone device, the absence of which will
deactivate the mobile transmitter. The continuous tone device is not
required when the mobile station is equipped with a switch that must be
activated to change the mobile unit to the automatic mode.

2

Available Equipment

Manufacturers offer communications components for land mobile radio
service which have common characteristics: virtually all use frequency
modulation (FM) and all are almost completely solid state. (Transistors and
Integrated Circuits (IC) are used wherever possible).

The specifications are very similar. Practically all of this equipment
exceeds the standards established by the- Electronic Industries Association
(E1A). Representative comparisons between the standards and manufacturers’
specifications are shown in Table 5.

TABLE 5
EIA Standards And Manufacturers’ Specifications
Mobile Receiver
Typical Manufacturers'
EIA Standards Specifications

Quantity Measured 25-54  144-174 400-470 25-54 144-174 400-470

or Specified Mec/see  Mefsec  Mefsec  Mefsec Mcfsec  Mc/sec
Sensitivity 1.0 1.5 2.5 0.3 0.5 1.0

(in Microvolts)
Selectivity (dB) 70 70 70 80 80 80
Spurious attenuation (dB) 85 85 80 100 100 90
IM spurious attenuation (dB) 50 50 50 60 60 60
Audio power output (watis) 1 1 1 2 2 2
Mobile Transmitter
Power output N/A N/A N/A 80 watts 80 watts 60 watts

Frequency stability (%) 2002 0005 ®0005 +0005 +0005 Hcocm
Spurious radiation (dB) 43 + 10 log {(power output) 53 + 10 log (power output)
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Estimated Costs — Example System

For the cxample system described, estimated costs for equipment
excluding installation and paging equipment are shown below. However, as
time goes on these estimates might vary from system to system. The most
effective purchase procedure is to advertise for competitive systemn bids based
on prepared specifications. .

FACILITY EQUIPMENT COSTS (ESTIMATED)
Installation and Paging Equipment Not Included

Emergency operating center .,.$ 3,500

Major hospital ...............25,000

Minor hospital ................3,500

Ambulance ..................6,000
DISASTER EXERCISE

A disaster exercise is recommended as a supplemental device for examin-
ing emergency medical communications needs. This exercise may reveal flaws
in the basic community disaster plan and in the communications system
designed to support the plan. The disaster exercise could be performed on
paper and should encompass the region, area, hospitals, and/or service within
hospitals. The scenario for the “paper exercise” of the emergency medical
service system should be complete and if possible, be based upon a previous
major disaster which occurred in the area. A step-by-step analysis of the
actual or imagined occurrence will show the communications needs required
to place the system in operation and keep it functioning efficiently through-
out the disaster cycle. Until communications are evaluated against the
demands imposed by disaster conditions, the total equipment requirements
may not be fully envisioned.

The exercise affords the opportunity to examine alternate communica-
tions methods and resources available in the community. For example, radio-
equipped vehicles from the private sector can be used to transport less seri-
ously injured victims. However, the community disaster plan must make pro-
vision for coordination and control, if they are to be used effectively.

Experience has shown that in any major disaster, existing emergency com-
munications systems quickly become overloaded and effective utilization
must be made of existing communications facilities in the private sector.
Therefore, disaster plans must provide for maximum utilization of radio,
television, and other facilities which are a part of normal commeree.

Other Communications Resources

Other potential resources for communications under disaster conditions
with which the community should be aware are:

1. The Amateur Radio Public Service Corps (ARPSC)
The Section Emergency Coordinator can advise on availability of com-
munications resources in the area and how to involve them in your
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Table 4B (Continued)

Abbreviations Used:
SER - Special Emergency Radio Service LGR -Local Government Radio Service
FRS - TFire Radio Service PRS -Police Radio Service
GOV - U.S. Government PwiR - Power Radio Service
HMR - Highway Mainicnance 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.

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.

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.

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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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

Table 4A

FREQUENCY SER with OTHER FREQUENCY SER with OTHER
(MHz)  limitations* ALLOCATIONS  (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 X 47.40 _.5.5

33.10 x(2) HMR 47.42 x (4)

33.12 SIR 47.44 SIR

37.88 PwrR 47.46 X

37.90 x(2) HMR 47.48 SIR

37.92 HMR 47.50 X

37.94 x(2} HMR 47.52 SiR

37.96 HMR 47.54 X

37.98 x(2) HMR 47.56 SIR

38.00 GOV 47.58 x

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
FRS - Fire Radio Service
GOV - U.S. Government

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

HMR - Highway Maintenance Radio Service SIR - Special Industrial Radio Service
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Frequency Bands
1. Very Low (VLF), Low (LF)}, and Medium Frequency Bands (MF)

These frequencies, located below 3,000 kHz, were the first of the radio
portion of the electromagnetic frequency spectrum to be developed and
exploited. They are not used extensively for land mobile services because
their transmitiing antennas require rather large dimensions and were occupied
for broadcast, maritime mobile, and radio navigation services long before the
land mobile services needed spectrum spacé.

2. High Frequency Band (HF)

The HF portion of the spectrum is ndt.used in the land mobile service
because of its great range — sometimes thousands of miles — brought about
by the presence of ionization layers in the upper atmosphere which reflect or
refract these frequencies and return them to earth.

3. Very High Frequency Band (VHF)

The VHF band contains many of the frequencies available to the land
mobile radio services which include emergency medical services communica-
tions. See Tabies 4-A and 4-B. Arbitrarily, this band has been subdivided into
what is commonly referred to as Low-Band (30-50 MHz) and High-Band
(150-175 MHz) frequencies,

The loew-band frequencies are characterized by somewhat greater normal
range than high-band frequencies. When ionospheric conditions are favorable,
the range may extend to 2,000 miles or more. These bursts of extreme range
are unpredictable since jonospheric conditions change with time of day, with
the time of year, and with the level of solar activity. These conditions can
plague the land mobile service with “skip” interference and provide the
amateur radio operator with excellent “DX” or long distance ooEE::mnmﬁo:
capability.

The high-band frequencies are almost totally free of “skip™ interference,
but achieve less normal range. At these higher frequencies vehicle antennas
have smaller dimensions and noise levels are somewhat lower than those
experienced in the low-band frequencies.

4. Ultra-High Frequency Band (UHF)

The UHF band assignments for land mobile radio service are in the
450-470 MHz range and the FCC has recently allocated seven frequency pairs
in this band for use by biomedical telemetry systems. See Table 4-C, At these
frequencies communications are completely free of “skip” interference and
the noise level is low, Because radio waves are reflected from the earth and
solid structures such as buildings, the UHF band exhibits better penctration
in dense metropolitan areas. UHF band radio waves can be received quite well
inside buildings with large windows. The UHF band has a shorter range than
the VHF band; and energy at these higher frequencies is more readily
absorbed by trees and foliage.
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The radio frequency spectrum above 450-470 MHz and within the UHF
band has not yet been used extensively for land mobile service. However, the
mounting pressure for more frequencies may result in the opening of this
portion of the spectrum to the land mobile service.

5. Super High (SHF) and Extremely High Frequencies {EHF)

The difficulty and expense involved in generating these frequencies at the
required power levels generally limits their use for mobile communications at
this tine.

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 resclie 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 telemétry systems the
Commission stated:

a.&m 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

. Jor 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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