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PREFACE

This document presents a conceptual plan for development of
an integrated electronic search and rescue alerting and locating
system. The need for alerting and locating, the requirements which
stem from these needs, and the possible alternatives which satisfy
these requirements are presented as a basis for the plan.

The scope of the study was primarily limited to the civil
user for downed aircraft and maritime accidents. It encompassed

o developing requirements for civil users

0 surveying existing planned and potential equipments and
systems both military and civil

o reviewing status of existing programs and plans

0o selecting the best options from candidate alternatives
o developing an integration plan

0 justifying the planned program

This program resulted from a series of ad hoc meetings that were
held between NASA, DOT, DOD and other signators of the National
SAR Plan to explore development of the Global Rescue Alarm Network
(GRAN) and other related distress alerting and locating problems.
As a result of these meetings it became apparent that although
many efforts were in progress to provide electronic equipment for
distress alert and location, there did not appear to be adequate
coordination of activities concerning systems for civil use. The
Office of Safety Affairs in DOT requested TSC to review activities
in progress and recommend an integrated approach to the problem.

iii






Section

TABLE OF CONTENTS

Page
INTRODUCTION. ot v vvnvneenoaaoases e e e 1
REQUIREMENTS.,........ et e 6
2.1 Scope of Problem........ccoiiiiviiiiiiieann 6
2.2 Specific Technical Requirements.............. 12
2.2.1 COVEeTAZE. v et teironesnonsansoscsssnsens 12
2.2.2 Alert Time....vvev oo saaanoneensns 16
2.2.3 Location Information........coceeeeess 25
2.2.4 Traffic Capacity...ciieriiieneeenennns 25
2.2.5 Seriousness of Incident............... 28
2,2.6 Operational Life, ieeeeioeneneoeneanns 28
2.2,7 Distress Survivability................ 29
2.3 Requirement for SAR-TEL-COM Management....... 30

DISTRESS ALERTING AND LOCATING SYSTEM ALTERNATIVES.32

3.1 General......eveeovecnsoncnasas e e ee e 32
3.2 Shore/Ground Monltorlng Relay...ovevevenneonnn 34
3.2.1 SEA. ..ttt teeosnsanssossnansosnnosns 34
3.2.2 AIR. .4 it eenerenneseassssensnesasanaas 35
3.3 Ship Monitoring Relay......coevevievnennennn 36
3.4 Aircraft Monitoring Relay........cvvviiennn 36
3.5 Satellite Monitoring Relay........c.vveveinnn 41
3.5,1 Maritime Communications Satellite..... 41
3.5.2 ELT & EPIRB Satellite...vvevenerinnons 42
3.5.3 GRAN DILS........ e e r e 43
3,5.3.1 GRAN..... e e ie e e 44
3.5.3.2 ASAP..... .ttt aeanonns 48
3.5.3.3 GRAN-DILS Development........ 51
3.6 Localizing Distress Incidents..... e 54
DEVELOPMENT PROGRAM FOR ALERTING AND LOCATING
SYSTEMS,...... et e e e n e e et e e 56
4.1 General.,....coovoenens ot s et e e et 56
4.2 Mar1t1me Satelllte ........................... 56
4.3 GRAN-DILS..... e e B it eseereenseranan 57
4,4 ELT'S...eeeeusn e te et 58
4.5 DALS......... e e s e st e e 59



Section

TABLE OF CONTENTS(CONTINUED)

4.6 Program Plan........ccccitiieiiierecncoansnnnenn
4.6.1 DOT WOrK.....eeeoroornsorosescnnnnnnnss
4.6.2 DOD Planned Work.....eoevveeeeenennnnnn
4.6.3 Schedule........cireiieereennnooncnsssos

4.7 Program Integration......ceceeeeercscacrccsnnas

CONCLUSIONS . .ttt itttenereaonostsenssensatssnasonnss

5.1 Need for SAR....i it ittt viternssennntosansoansns

5.2 ELT ............... L L W e 0 % 8 2 B & S S 8 s s e 8 s e Ve e

5.3 Coordination...eeeeeerasseaceossnoasonosssoocans

5.4 Coastal Alarm......ceveceeesesenoenoanossosnas

5.5 Highways.....eoieievuoroeanansonsssnsossnnsnos

5.6 Satellite Monitoring.......veveeesoenonsoneses

5.7 GRAN.........cou... et e e

5.8 Development Plan........coueieeeeinenensesncsns

APPENDIX A -

APPENDIX B

APPENDIX C

APPENDIX D -

APPENDIX E -

U.S. SEARCH AND RESCUE RESPONSIBILITY.

AIR CARRIER COVERAGE OF CONTINENTAL
UNITED STATES. ...ttt anonsensnnn

SUMMARY OF AVAILABLE EMERGENCY LOCATION
TRANSMITTER. . .. i v it eieeinanncnncennn

MINIMUM PERFORMANCE STANDARDS -
PERSONNEL TYPE EMERGENCY LOCATOR
TRANSMITTERS ELT(P), OPERATING ON

121.5 AND 243.0 MEGAHERTZ..............

DALS PROJECT 731140...00evse cveacesannan

vi

71

75

76
87



Figure
1-1.

LIST OF ILLUSTRATIONS

Summary of Prospectives for SAR-TELE-COM System
Applications..... Ceeaa ettt et i 5
Distribution of World Merchant Fleet Over 100GWT

July 1, 1969. ...ttt iiotteeneeennnenennenananns 13
Synthesis of World Merchant & Fishing Ship
Distribution...cviieiieiiiiininneeenneneeannnenens 14
Air Traffic Density for U.S... .ttt neerneennns 17
Geostationary Satellite Coverage........ovuuveuens 18
Survivability as a Function of Time after Crash... 19
Recovery Status of Military SAR Victims........... 20
Distribution of Number of Sea Accidents as a

Function of Temperature..... S e e ey 21
Survival of Air Victims in High and Low Temperature
ENVironmentsS. vttt in i ettt tesnononenasnssonns 22
Distribution of Position Uncertainty for Ocean SAR

T I o e 1 2O 26
Distribution of Times Spent Searching for SAR

T T o o 1 - 3 26
Data Flow SAR-TEL-COM SysStemS....:eetveeenreeennnsn 33
Alternative SAR-TELE-COM Configurations........... 38
Propagation Losses Normalized to 243 MHz.......... 52
Budgetary and Schedule Estimates for SAR Alerting

and Locating Integrated System Development........ 61
SAR Areas § Coordinators Inland Region............ 69
Proposed Chart-National Search and Rescue Plan.... 70
Location of Air Carrier Aircraft Throughout Day... 72

vii



Table

LIST OF TABLES

SUMMARY SAR AIR AND OCEAN INCIDENT DATA (1969)....... 8
CUMULATIVE DISTRIBUTION OF DELAY IN ALERT AS A

FUNCTION OF THE DISTANCE OFFSHORE............ccvvuv.n 11
SUMMARY OF REQUIREMENTS. ..... .ot iiiiinnerssncennnes 15
SURVIVAL TIMES BY SEA SURFACE/TEMPERATURE RANGE...... 21
PROBABILITY OF SURVIVAL ACCORDING TO WIND-CHILL

INDEX . ittt teestseaosneronseeasnotasssaennsassnnsa 24
COMMUNICATION TRAFFIC DENSITY AND FALSE ALARMS....... 27

viii



AATMS

AGL

AMVER

AOPA

ARRS

ASAP

ATC
ATV
CAP

DALS
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DILS

DOD

DOT
ELT

GLOSSARY OF TERMS
Advanced Air Traffic Management System
Above Ground Level
Amplitude Modulation

Automated Mutual Assistance Merchant Vessel Reports - A
Coast Guard System that tracks Merchant Vessels at sea to
support rescue activities

Aircraft Owners § Pilots Association - An organization
representing general aviation.

Aerospace Rescue § Recovery Service - An organization
within the U.S. Air Force that has among other responsi-
bilities been assigned that of coordinating and partici-

pating inland rescues within the U.S. and its territories.

Advanced Survival Avionics Program - An Air Force managed
DOD Development program and has under development SLG and
DILG equipments to be used for rescue of military
personnel from distress situations.

Air Traffic Control
All Terrain Vehicle

Civil Air Patrol - A civilian volunteer air rescue
organization

Distress Alerting Locating System - A USCG Development
Program for a coastal distress alerting system.

Distress Incident Locator Group - The Equipment of
the DILS System

Distress Incident Locator System - The part of ASAP
system that will alert rescue headquarters to the fact
that a distress incident has occurred.

Department of Defense
Department of Transportation

Emergency Locater Transmitter - A VHF Radio beacon that
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FAA
FLIR
FM
GAMA
GRAN
ICAO
IMCO
IR
LLTV
KHz
MHz
NATC

NTSB
OMEGA

OPLE

OTH
RCC
RCC
SLG
SAR

GA aircraft are required to carry which is activated
when a crash occurs and indicate the position of the
crash.

Emergency Position Indicating Radio Beacon - A VHF
radio beacon that is prepared for use by survival craft
to indicate location (maritime)

Federal Aviation Agency

Forward Looking IR Sensors

Frequency Modulation

General Aviation Manufacturers Association
Global Rescue Alarm Network

International Civil Aviation Organization
International Maritime Consultative Organization
Infrared

Low Light Level TV

Kilo Hertz

Mega Hert:z

National Air Transport Conference - An Organization of
air taxis and commuter air carriers

National Transportation Safety Board

A Hyperbolic World Wide Navigation System operating at
VLF

The Relay of Omega Signals via Satellite to a remote
computing center where position of receiver is
determined

Over the Horizon

Recovery Coordination Center - operational command

centers of AARS (USAF)
Rescue Coordination Center - USCG
Survivor Locator Group - Component of ASAP Program

Search and Rescue



1. INTRODUCTION

]

This study was initiated to develop a conceptual plan for
integration of search and rescue telecommunications alerting and
locating devices and systems currently in existence or under
development, and for establishment of the directions that are
needed to provide an adequate system to support civil needs.

The scope of the study was limited to the consideration of
the civil user needs, in particular, alert and location for general
aviation and maritime search and rescue. Highway and rail needs
were considered but were not found to be completely compatible
with the aircraft and maritime problem. This study did encompass:

o Developing requirements for civil users

0 Surveying equipment and systems

o Reviewing status of existing programs

o Selecting the best options for development
o Developing an integrated plan

o Justifying the planned program.

The Department of Transportation (DOT) is one of the five
signers of the National SAR Plan, an interagency agreement on
general responsibilities and functions in SAR. The DOT has played
a prominent role in search and rescue activities through the USCG
as well as the FAA. However, no one Government department has been
designated to lead or assure coordination of system development
plans. Consequently, there is a lack of continuity that could be
provided by an established entity associated with SAR alert and
location system development. Efforts to develop a new civil system
have met with limited interagency actions because the signators of
plans do not effectively follow through. Long range funding for
the development of new or improved systems has been uncoordinated
and has suffered from the lack of unified goals within the several

agencies.



A need exists to develop a plan for integration electronic
telecommunications systems to-be-employed in the-alert and in
location of distress incidents. Effective and timely location of
aircraft, ships and other transport vehicle emergencies in remote
and unpopulated areas is contingent upon such integrated SAR

telecommunication planning.

Although the Department of Defense has allocated approximately
$6 million to the development of an advanced survival avionics
system and the NASA has supported this with technical development
engineering, the Department of Transportation and the other
signatory agencies have not heretofore complemented these efforts
with long-range planning for implementation by non-military users
of the system. The DOT responsibilities for all modes of trans-
portation safety indicated a need to develop an integrated plan
for application of advanced telecommunication and satellite tech-
nology to transportation search and rescue.

From the analysis of alert and location requirements that has
been made for this study, it is apparent that a significant
fraction of the 3700 lives that are lost because of the limitations
of our alert and location capabilities could be saved. The loss of

Congressmen Boggs and Begich in Alaska is a case in point. Had they

carried an ELT as required by law, their chance of rescue could have
been greatly enhanced and the cost of search would have been greatly
reduced.

The framework of the present communication system for alert-
ing and localization, in the main, either dates back to World War
IT or even in parts to twenty years before that. There are many
technical developments that have fallen out of the age of aero-
space which can serve to improve the tele-communications aspect
of SAR. These improvements, if applied, could result in improved
reliability across the board and lower the cost, size and weight
for life raft and small aircraft alert and location equipment.

In particular these improvements would stem from:
a. Satellite Communications Technology
b. Omega Navigation Technology

c. Integrated Circuit Technology.



The alerting of SAR forces to the fact that a distress inci-
dent has taken place must be accomplished, in general, by wireless
communications. The only reliable communication bands that are
not beset with propagation difficulties are at VLF and line-of-
sight frequencies. VLF requires vast antenna systems and power,
therefore, it is not suitable for mobile users. The line of site
communications, in general, are limited to short ranges and there-
fore, provide inadequate coverage. However, communications satel-
lites greatly enhance the coverage that can be achieved at line of
sight frequencies. Three geosynchronous satellites can provide
world-wide line of sight coverage to 70° latitudes.

The Maritime Satellite (MARISAT) that is currently under
development will afford this communication capability to ships.
Unfortunately, the Maritime Satellite will operate at L-band and
therefore, require excessive power or a directive antenna for
survivor communication. These options are not practical for
survivor craft or small aircraft so a VHS satellite must be used.

Part of the process of alerting is notifying the SAR forces
approximately where to look. Although satellites can be used to
determine where the distress is located, such satellite systems
are orders of magnitude more expensive than simple satellites for
communication. The simple relay satellite can be used if the
position of the distress could be determined locally and relayed
via the satellite. The Omega VLF Radio navigation system pro-
vides the basis for such a system at the lower cost of a simple
satellite communications system. Integrated circuit technology
can bring the cost of user units to a reasonable level.

The Omega SAR-COM approach is a long range solution that
could be implemented by 1978. Two systems of this type have been
proposed: Global Rescue Alarm Net (GRAN) and Distress Incident
Locator System (DILS).

For present coverage, Congress has passed legislation that
required general aviation aircraft to carry Emergency Locator

Transmitters (ELT). Monitoring of these transmitters by commercial



air transport aircraft can provide improved coverage in regions
of high air traffic density. It is apparent that steps should be
taken to have the air carriers monitor the ELT frequencies and
report emergencies to provide an interim solution.

A summary of areas that have been studied and those still
open to further examination is present in Figure 1-1. The modes
of transportation form a matrix with possible environments. The
systems that are appropriate for the mode and the environment are
the elements of the matrix. The cases where further study is needed
are also identified.
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2. REQUIREMENTS

An unfulfilled need exists for a timely alert and location
capability to support SAR activities. Although certain alert and
locating equipments are now in operation, they do not satisfac-
torily fulfill this need for a comprehensive capability. To
develop an understanding of what the requirements for alert and
location are, we must first investigate the current status of SAR
activities that require alert and location communications and
where communications limits these capabilities. Finally we will

establish what features need to be incorporated in future systems.

2.1 SCOPE OF PROBLEM

National policy defined in terms of past practice and agree-
ments through ICAO and IMCO commit the U.S. Federal Government to
search and rescue of persons involved in air and marine distress
situations. Through these international agreements, we have
assumed the responsibility for coordinating and participating in
search and rescue for our own inland and coastal areas in addition
to large areas of the North Atlantic, Pacific, and Carribean.
These areas are shown in Appendix A. Through the Coast Guard and
the Aerospace Rescue § Recovery Service (ARRS), supported by CAP,
state and local units, an organization is provided to support this
commitment. However, because of the lack of communications suit-
able to alert SAR activities and locate the incident, many of the
distress incidents lead to a higher level of fatalities and more
costly operations that would be expected if suitable communications
were available.

The loss of Congressmen Boggs and Begich in Alaska has
triggered extensive Congressional interest in the SAR alert and
location problem. Interestingly enough, if the pilot of that
aircraft had conformed to Alaska state law, a successful rescue
might have been achieved. Evidence indicates that SAR location
equipment, required by Alaska law, was not carried on this flight.
This incident represents search at its extreme in financial outlay.



More than 3500 hours of aircraft flying were expended which cost
from 3 to 6 million dollars for the flying time alone. Over and
above this aerial search, surface searches on land and at sea

were carried out for which no cost estimates have been included.
With SAR alert and location equipment, properly monitored, the
Congressmen might have been quickly located and expenditure reduced
to a few thousand dollars. While specific accidents highlight the
problem, general statistics are more indicative of what the real

needs are to provide alert and location communications for SAR.

Reported marine and air accidents for 1969 were at a rate
just under 50,000 per year and involved 170,000 people, 2,000 of
whom were classified as saves, (that is people who would have been
fatalities, if no rescue had been carried out). The fatalities
amounted to 3700 and seriously injured 1,800.

The breakdown of these SAR activities is presented in Table
2-1. Beyond these reported accidents are an unknown number of
unreported accidents. The relatively large number of saves in
relation to the number of deaths is in a large measure the result
of the outstanding performance of our rescue services when they
are properly informed. However, the 5,500 seriously injured and
dead (1969) do represent a serious loss. Not that one can put a
value on life, but Massachusetts law awards $200,000 for each life
lost in careless accidents. By this criteria, we are currently
involved in a billion dollar loss in life.

Our investigation in this section illustrates that delay in
rescue seriously decreases the probability of survival. Such a
delay stems from two sources:

o Excessive delay in alert notification or no notification
at all.

o Long search time caused by poor alert position information.

Let us now consider the marine accidents in more detail. NTSB
(Report NTSB-MSS-72-3 by National Transportation Safety Board
Special Study Survival Locator Systems for Distressed Vessels,
August 16, 1972) cites ten recent incidents in the North Atlantic
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involving the loss of 243 lives, where there is no record of suc-
cessful transmission of a radio alert message. These sinkings
represent only a few of such incidents where records were avail-
able. An analysis made by the Coast Guard of data taken from
their marine incident reporting system (Table 2-1) shows the
cumulative distribution of delay in notification as a function of
distance off-shore. For accidents in mid-ocean, not within 300
miles of shore, (35% of the time) it took more than nine hours
from the time of first sending of a distress message for the SAR
system to become aware of the accident. Only 46% of the alerting
were received in the first hour. That is to say, if alert notifi-
cation was not achieved in the first hour the chances were Z out
of 3 that it would take more than 9 hours.

As a result of the long delay in the alert notification the
loss of ships is unduly high. One quarter of all ships in the

category over 300 miles were never located.

In addition to the direct loss associated with unduly long
delays, there are also search costs which are significantly in-
creased when the specific location of the incident is not known.
When a search is in progress, ships are frequently delayed in
their transit to look for and pick up survivors. Delay of a
single ship may cost as much as $200,000 per day.

The poor alert performance can be attributed to communica-
tions failures. The principal systems involved for at sea alert-
ing are HF and MF radio. The over-the-horizon performance of such
systems is well understood and known to be sporadic in nature.

As a result it can be concluded that while SAR in support of
Coastal Boating is adequate, serious difficulties exists in pro-
viding adequate communications for deep ocean shipping.

Turning to aviation, certificated air carriers in the zone
of the interior have no alert problem because of the close control
exercised by the Air Traffic Control System. However, General
Aviation and in particular VFR flights that do not fly under IFR
control have not experienced an impressive record in rapid location
and recovery of victims of crashes.




Currently, General Aviation aircraft usually file-VFR-flight
plans with expected times of arrival. When an aircraft does not
arrive at its planned destination on time, a communication check
is made of other airports in the vicinity and if it i% not found,
search and rescue is initiated. The search is frequently delayed
until the next day because of night fall.

A sample of one hundred ninety one air accidents where
Search and Rescue was involved were analyzed. It was found: 7%
were located the same day and 34% one day later. Of these only
5% of the accidents had any survivors.

From Table 2-2 one can see the search times required to
locate lost aircraft. CAP on the average expend 44 hours/search.
An alert device that located the aircraft would result in saving
5000 hours of ARRS flying time in addition to another 40,000 hours
of CAP and other civil units. If one evaluates the ARRS flying
time at $500/hr and civil time at $50/hr, this could easily result
in a $4,000,000 per year saving. With the legistative requirement
for ELT, there should be a reduction in this search cost as well
as improvement on alert times and consequently a higher percentage
of lives saved. This can only be verified in 1974 after ELT have
been universally installed.

In summary there are three areas of concern relative to
communications for SAR: Coastal Boating, Deep Ocean, and inland

General Aviation.
o The capabilities of the coastal boating system have evolved

from a self-help attitude among recreational boaters and
strategically located rescue facilities. Current programs
are underway to increase effectiveness in coastal regions.

o Deep Ocean Rescue presents a serious problem in the
reliable and timely alerting of distress incidents and
further in locating the survivors in the region of

the incident.

o0 Inland General Aviation SAR has similar difficulties to
the deep ocean case.

10
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Having established the general need for SAR alert and location
capability, let us next turn to the specific properties that such
systems should have. Finally a management structure will be re-
quired to implement the system that fulfills their requirements,

2.2 SPECIFIC TECHNICAL REQUIREMENTS

To design a SAR electronic alerting and location system, it is
necessary to define the specific properties that the system must
provide, such as: coverage, alert warning, time, alert location
accuracy, traffic capacity, localization capability, and expected
radiation life of the system. To determine what these parameters
should be, we have examined a number of accident reports and re-
viewed with the organizations that are responsible for SAR, such
as the Coast Guard, the Aerospace Rescue and Recovery Service and
the Civil Air Patrol for their understanding of the needs. Some of
the design parameters are readily improved beyond the point of any
real utility at little or no extra expenditure such as alert time
for satellites. Other parameters require extensive investment to
improve beyond an initial capability, such as extending satellite
coverage to the polar region. This study has balanced the require-
ments against the cost of achieving the result in the light of pos-
sible design alternatives. However, parametric cost design trade-
offs should be made before finalizing on any design specification.
To summarize the results of our requirements studies, we present
the parameters that have been selected in Table 2-3.

2.2.1 Coverage

A comprehensive SAR electronic alerting and locating systenm
should provide global coverage both from the requirements of
our own national maritime and air interests and also from the point
of view of the multi-national interests. From the point of view of
density of expected SAR events, this means coverage from 70° North
Latitude to 60° South Latitude. Figure 2-1 shows the density of
shipping for ships over 100 tons GWT. Figure 2-2 shows the ship-

ping density plus fishing trawler density. Except for limited coastal
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TABLE 2-3.

SUMMARY OF REQUIREMENTS

Parameter

Coverage

Performance

70° N to 65° S*
90° NE&S

Conditions

Would require 4 additional
dedicated satellites cost-
ing $40 million (including
launch cost)

Alert Warning

3 minutes¥*

easily obtained for satel-
lite systems infrequently
needed

50 minutes

might increase loss of
life 5% but more realistic

300 minutes

could result in serious
increase in loss of life

Alert-Location

1-3 miles*®*

would minimize search time
and simplify RCC resource
allocation

5-10 miles

upper limits for circum-
stances where surface
ships are used for search

10-75 miles

upper limits where search
performed by aircraft
other than over rain
forest

Traffic Channel free
Capacity 95% of time
Seriousness 4 levels-
notification automatic
high priority manual
mod. priority
nonpriority
Operational 50 hours Although environmental
Life conditions may not permit
rescue, it would be
possible to establish a
position fix for later
rescue.

100 hours*® 90% of time weather con-
ditions can be expected
to change

Distress Must be capable of radiation

Surviv- after accident independent of severity
ability

*Recommended
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shipping-on -the Norway coast, there is no shipping north of 70°
or south of 60° latitude; also, less than 1% of the fishing is
done in these areas.

In addition, essentially all of the Continental air trans-
portation would be covered within these limits. From Figure 2-4,
it is apparent that a geosyncronous satellite could provide such
coverage on a continuous basis. A system of three such satellites
would provide 90% coverage at 70° and could be low in cost if it
could go piggy-back on other communications satellites. A fourth
satellite could increase this coverage at 70° to 100%. To pro-
vide total coverage, including the polar regions, would require
additional polar orbiting satellites. The additional satellites
would be dedicated to this project and as such would add
(substantial cost) to the project. Since coverage to 70° will
cover better than 98% of our shipping concern, such coverage
should prove adequate. The specific SAR area responsibilities

of U.S. are given in Appendix A.

2.2.2 Alert Time

In SAR incidents, where suvivors are critically injured or
where severe environments exist, the time that it takes to retrieve
survivors is critical to their survival. Therefore, SAR electronic
alert and location systems should be designed to minimize that part
of time that it takes to alert the rescue forces. However, in view
of the time it takes to mobilize the SAR effort, and transit to
the accident, there does not appear to be much gain in reducing
alert time below one minute. On the other hand, delay times of
the order of an hour can result in unnecessary casualties. The
penalty for delay when accident victims are seriously injured can
be judged from data that the National Safety Council has generated
on accidents in general. In Figure 2-5 probability of survival in a
serious accident is shown as a function of time it takes to provide
medical aid. Figure 2-6 shows survival and death statistics for
military rescue incidents and again the penalty for delay is
apparent. The National Transportation Safety Board, indicated
results that agree with these findings.

16
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Figure 2-4. Geostationary Satellite Coverage
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Severe environments even where accident victims are not seriously
injured, also take a heavy toll of life. Table 2-4 shows the
expected survival time of survivors in water as a function of
temperature.

TABLE 2-4 SURVIVAL TIMES BY SEA SURFACE/TEMPERATURE RANGE

Surface Temperature Maximum Range of
Sea Surface, % Range (February), °F Survival Time, Hrs
12.0 <35 0- 2.0
6.5 35-40 0.5- 3.0
8.5 40-50 0.5- 7.0
9.0 50-60 1.0-24.0
13.5 60-70 2.0-40.0
27.5 70-80 3.0-Indefinitely
23.0 >80 Indefinitely

We can translate these temperature survival statistics into its
impact of overall probability of survival. The USCG accident data
bank provides us with distribution curves of water temperature
Figure 2-7. Combining these two sets of data we conclude that:
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Figure 2-7. Distribution of Number of Sea Accidents as a Function
of Temperature
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forty percent of the victims would have survived less than a day.
A quarter of the victims would have survived less than 8 hours and
2.5 percent less than 2 hours.

Fortunately, the rescue system in the coastal regions rescues
60 percent of the distress incidents in less than an hour. How-
ever, the results for incidents more than 100 miles off shore is
much less favorable. Here it is found that 34 percent of the time
alerts take 9 hours or more. This indicates that the LF, MF, HF
radio systems which are used for deep ocean distress alerting are

seriously inadequate.

Turning next to the question of survival of victims of air-
craft accidents where severe environmental conditions exist.
Humans can survive in environments ranging from Arctic cold to
desert heat. However, there are certain extremes of temperature
at which survival is difficult or impossible. In these cases, the
critical variable is exposure time. Figure 2-8 shows the extremes
of human temperature tolerance, determined experimentally, for

resting men both nude and scientifically clothed for each zone of

1 min. 1 hr. 8 hrs.l day 1 mo. 1 yr.
600 T T | — T T

500 X n -
\
\ Reflective
\ Ventilated
400 \ Clothing R
\ \\
\
\

heat or cold.

[Te
[o]
8] 300 %
S \ \\ Ventilated
= Clothing
~
2 200 ~ N\
g )
& Nude
Exposure
100
0
: Conventional
0 il CInsulated Clothing
Ve Clothing | 50
d Electrically llcated Clothiné1
-100 1 1
8
1 10 105 10° 10t 10® 1% 107 10

Time (sec)
Figure 2-8. Survival of Air Victims in High
and Low Temperature Environments
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It should be noted that any movement of air passed by the
body such as that generated by walking or running, has the same
cooling effect as wind. Using the wind-chill index (Table 2-5),
one must include speed of any movement in addition to natural wind
speed.

In extremes of cold or heat, the body possesses more efficient,
adaptive possibilities for heat stress than for cold.

Considering the survival time data under different environ-
mental conditions it can be concluded that in a significant num-
ber of cases of cold weather, wind chill, and immersion in cold
water that 1ife expectancy is less than two hours. In the light
of the fact that the rescuers will have to be mobilized, must
transit to the region of the distress, and then search for the
survivors, the time allowable for alerting must be made short
compared to the other factors. If as much as 30 minutes were to
be allowed for alerting, this could add materially to the mission
time and in many cases might result in the loss of life. If on
the other hand, the alert time were to be held to 3 minutes, it
would always be small compared, to the other time factors and have
little impact on the lives lost. Since the cost of improving from
a 30 minute delay to a 3 minute delay in a satellite system is
inconsequential, the shorter delay should be chosen. For air
monitored systems the consequences of short delays are more sensi-
tive to cost and the influences of environmental factors are less
serious. The primary factor here is a question of survival after
impact/injury in an air crash. Where general data indicates that
time is critical, data specifically related to air crashes is needed
to reach any decision. If such data were to indicate that an approxi-
mately 3 minute alert time is required, this would lead to the
conclusion that a satellite monitoring system is needed for the
Western U.S. and other remote areas. A program to collect the
necessary medical data on aircraft accidents must be initiated if
this question is to be answered.

In summary, an alert warning time of approximately 3 minutes
is recommended for satellite monitored systems. For aircraft

monitoring, a goal of 30 minutes alert time is more realistic.
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2.2.3 Location Information

The initial alert message must indicate where the distress
incident is located. This information is required so that the
appropriate Rescue Control Center (RCC) can assume the responsi-
bility for the SAR activities and lay out its plan of action to
effect a rescue. In planning and coordinating rescue activities
the RCC must frequently allocate its resources against several
different distress incidents. The better the accuracy the better
this role can be fulfilled. The time involved in searching for
survivors would be reduced and accurate position data may define
the nature of rescue equipment so that the accident does not have
to be reconnoitered before the actual rescue is started. As a
consequence, the 1 to 3 mile accuracy that is achievable with the
Omega-satellite type of system appears to be an attractive alterna-
tive. This order of accuracy will result in substantial savings
in search time and costs as has already been indicated. Backing
off to the minimum tolerable accuracies, 50 to 100 miles should be
sufficient for air search in other than rain forest areas. For
search by surface ships, this accuracy should be reduced to 10 to
15 miles. 1In inland cases where land parties are to perform the
rescue, accuracies of 1 to 2 miles are required. Current data
concerning the Coast Guard in its rescue activities, which are
primarily along the U.S. coast, indicates that the position of an
incident is known to better that a mile better than 90% of the
time. (Figure 2-9). As a consequence, little time is spent in

searching (Figure 2-10).

To repeat, a 1 to 3 mile accuracy is recommended for the alert
phase information.

2.2.4 Traffic Capacity

Excess SAR-TEL-COM traffic may cause distress events to be
lost by the system. Therefore, peak communications traffic loads
must be determined for users; and then the system design made to
accommodate for these loads, without saturating. Two kinds of
traffic must be considered here: first, traffic arising directly
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from the expected frequency of distress events; secondly, traffic

arising from false alarms which is related only to the number of

vehicles.

coastal boating and ocean ships.

estimates.
relevant
However,
messages
that the

Table 2-6 shows hourly message frequency for aircraft,

It also shows basic data for

The aircraft and ocean shipping present few problems

if all traffic were on a common frequency.

to interferring using a single communication channel.
coastal boating in all likelihood would have simultaneous
This indicates
coastal boating problem is a different alert and location

problem than for ships and aircraft and therefore, merits a solu-

tion that does not use a common channel with other users.

Shore

base line-of-sight receiving stations could reduce the traffic at

each station to a reasonable operational level.

TABLE 2-6. COMMUNICATION TRAFFIC DENSITY
AND FALSE ALARMS
Max Hour | Max Hour Yearly 1
Distress False SAR Peaking No.
Events Alarms Events Factor Craft
Coastal
Boating 160 1074 36,0001) | 40> |4,000,000(%)
Aircraft .696 4.09 600(2) | 10P 150,000
Oceanships 0.008 0.64 70(3) 1 60,000
(1) USCG Data Bank
(2) CAP Civil Search Data
(3) Annual ships destroyed at sea
(4) Estimate number of boats over 20 feet
b Estimated traffic difference between peak and annual average
d Assumed 1 false alarm/32,000 craft/HR Based upon data from

Elmendorf Air Force Base, 2 false alarms/day for 3,000
Alaskan Aircraft

An analysis of the channel capacity and preprocessing alternatives
leads to the conclusion that better than 95% probability of

achieving alert communications in the face of possible channel

saturation can readily be achieved.
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2.2.5 Seriousness of Incident

Past experience has indicated that the SAR-system cannot,
within acceptable bugetary constraint, be supplied with adequare
rescue craft to cope with peak load circumstances. As a conse-
quence, priorities must be established between the incidents
requiring service. To establish these priorities, the alert mes-
sage must include priority information. Ideally, two way VOICE
communication enables the RCC to evaluate the priority of candi-
dates. But SAR coms designed for voice communication would be
more expensive and have larger power and bandwidth requirements.
Therefore, a coding for levels of emergency should be established
and incorporated in the user equipment.

The levels of seriousness could be:

o Automatic - operator incapacitated
o High Priority

o Moderate Priority manual

o Low Priority

2.2.6 OQOperational Life

The required operational radiation life of SAR electronic
alert and location equipment should be much longer than the two
days that is generally called for in current equipment. The life
depends upon the time it takes to rescue the survivors; it con-
sists of:

Alert Time
Mobilization and "Queing'" Time
Transit Time

Localization Time

vl AW

Delay in Pick-up Weather

The factor that calls for the long life is weather. Weather con-
ditions can prevail for three or four days that make the retrival
of survivors impossible. Heavy fog, high winds and severe icing
are typical of such conditions. A review of weather statistics
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indicates that 90% of the time such conditions will pass in four
days. The current requirements are in a large measure based upon
capability of currently available equipment. These capabilities
could be extended by increasing size and weight limitations so

that more batteries could be included in the units, or providing
better position information so that the searcher could start search-
ing at a lesser range. The size and weight restraints on ELTs
could easily be increased by a factor to two without detracting
from the equipment either in the sense of portability or making it
more difficult to incorporate in the vehicle. Providing better
position data so that the searcher could start his search closer

to the survivor is less tractable in that the survivor may move
after the initial fix. A completely different look at the problem
might offer a better solution: A reduction in the fraction of the
time that the system radiates would result in an effective increase
in the life of the system. There are two ways that this could bhe
accomplished; the first is to make a unit that can be turned on and
off by the searcher when he arrives at the scene of the incident.
The second approach is to have a system that periodically transmits
the position of the survivors with sufficient accuracy that the
searcher could locate directly from this position data. In this
type of system, it is important that the survivor and the search
have a common coordinate reference frame. The differential Omega

technique is typical of such a system.

The recommended radiation life for future SAR Alert and
Location Equipment should be 100 hours. Such a life is compatible
with the systems that can be developed; it will not materially add
to the cost and will enhance the probability of rescue in severe
weather conditions.

2.2.7 Distress Survivability

An obvious requirement of an SAR-COM user equipment is that
it has the capability of surviving an accident. The accident that
gives rise to the SAR-COM need should not prevent it from alerting
the rescue forces. There are several things that must be taken
into consideration to make the unit crash-proof:
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— The unit must be sufficiently well constructed that it
survives the shock, water immersion and other conditions
that arise in an accident.

— The antenna must be so oriented after the accident that the
monitor is not located in a nul of the antenna patterm.

— The unit will automatically start transmitting its
alerting message independent of the condition of the

survivors.

One problem that must be recognized is the overlap in conditions
between normal operations and those conditions that prevail in a
crash, which causes difficulty in distinguishing whether accident
has occurred or not. This ambiguity results in an unduly high
false alarm rate.

2.3 REQUIREMENT FOR SAR-TEL-COM MANAGEMENT

Responsibility for civil planning and development activities
for SAR electronic alerting and location systems should be focused
in a single office within DOT. On occasion differences in position
will exist between the modal agencies within DOT relative to SAR
alerting and location problems. Such matters should be resolved
within the Department after consulting the various organizations
involved rather than default to outside organizations actions. A
recent example was the question of IPIRBS for recreational boating
proposed by USCG and opposed by FAA. This question was resolved
in FCC by a refusal to license small boats for use of 121.5 MHz
frequency.

The responsibility for Civil SAR does not rest with DOT alone,
but in conjunction with four other agencies that are signators
to SAR interagency agreement: DOC, FCC, NASA and DOD. Therefore,
if DOT is to be able to effectively negotiate with these other
agencies, one civil SAR position should be developed: not each
mode representing its own position in the interagency negotiations
and discussions.

In few cases are SAR problems and their potential solutions
unique to one agency. The coordination of requirements and invest-

ment must be made on department-wide basis to achieve best usage of the
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limited funds that are available for SAR. Let us point out a few

examples of how problems run across modes.
The question of SAR electronic alerting and location for low

traffic density regions is common to both USCG and FAA. In oceanic
regions, Alaska and Western U.S., monitoring alert signals 1is

found to be particularly difficult. On the other hand, in high
traffic density areas such as coastal regions and highways the USCG
and FHWA have common problems of false alarms and multiple simultan-
eous access.

Responsibility for providing a program for SAR electronic
alerting and location system development exists between DOT and
DOD. USCG shares operational and developmental responsibilities
with DOD. FAA has no operational responsibility but shares
development responsibility with DOD.

Another example of where split responsibility has resulted in
a void in assumed responsibility is the question of monitoring
ELTs. We have attempted without success to find within FAA or
the air section of NTSB a clear position on just how successful
the monitoring of ELTs is likely to be. Further, whether steps
are necessary to improve this monitoring and, if so, who 1is

responsible?

A single focus of responsibility within DOT would help to

solve all of these problems.
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3. DISTRESS ALERTING AND LOCATING SYSTEM ALTERNATIVES

3.1 GENERAL

It is doubtful that a universal SAR alerting and locating
system can provide all the services desired by the diverse set of
users. Rather, one can expect several systems that complement
each other to evolve. The ELT monitored by air carriers will
probably provide coverage for downed aircraft except over the
oceans and in remote areas. A need exists to provide coverage
for these last two cases; and it appears that only a satellite
can provide such coverage reliably. There are two complementary
programs that are under consideration that could meet this need.
The first is a proposed maritime satellite and the second is the
GRAN-DILS Program. GRAN and DILS are sufficiently close in
concept that they have been viewed as one system. The proposed
maritime satellite has the capability of sending extended messages
which has obvious advantage; however, it requires power and antenna
gain that are not compatible with survivor craft usage. Undoubted-
ly, the maritime satellite, if and when implemented, will be used
by ships for emergency communications. To meet the SAR alerting
and location needs for survivors on the oceans, and in remote
areas, a GRAN-DILS type of system should be jointly developed by
DOT and DOD. In this section of the report, the alternative
systems that were considered will be described and the reasons that
GRAN-DILS development was recommended will be examined.

Before attempting to make a comparison of the different sys-
tems, let us define what parts of the communications loop asso-
ciated with SAR are under consideration. Figure 3-1 shows the
communications that are associated with search and rescue. The
distressed vehicle or survivor must send an alerting message to the
rescue Coordination Center (RCC) to initiate the SAR activities.
These messages are relayed by monitoring entities such as satel-
lites, aircraft, ships or shore/ground stations. From the monitor-
ing stations well defined reliable links exist to the RCC, such as

private lines and commercial telephones. The RCC then mobilizes
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the appropriate operational unit to search for the distress situa-
tion. The operational unit proceeds to the approximate location

of the distress where it locks on to the distress signals and
localizes to it by such techniques as Radio Direction Finding,
Differential Omega, or more direct sensors (eyeball, LLTV [Low Light
Level TV], and FLIR [Forward Looking IR sensors]. Of concern in
this study is the first and last step in this loop. The first step
establishes the link from the distress unit to a relay station.

There are four possibilities:
o Shore/Ground stations
o Ships
o Aircraft

o Satellites
3.2 SHORE/GROUND MONITORING RELAY

3.2.1 SEA

First consider the Shore/Ground relay monitoring systems.
SAR alert communications have been provided for the past 50 years
by Over The Horizon (OTH) radio communications in the MF and HF

bands to shore stations:
500KHZ - This frequency is the International Radiotelegraph

distress safety and calling frequency and has been
designated in the National Search and Rescue Plan
as the CW distress and calling frequency. This
frequency is monitored by automated equipment on
on radiotelegraph equipped ships and at shore
stations. This frequency is also recognized in
International agreements through ICAO. In general,
RT equipped ships beyond 300 miles at sea use this

frequency for SAR-
2182KHZ - Is the International Radio telephone distress,safey

and calling frequency and is used for RT equipped
ships within 300 miles of shore.

8364KHZ - Has been designated as the International frequency
for life boats, life rafts and survival craft.
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Questions have been raised as to the utility of
this frequency in the rescue picture.

SAR communications reliability at these frequencies is inadequate.
Data generated by the USCG and presented in Table 2-2 shows that
the probability of establishing communications within less than an
hour is less than 50% and within 9 hours less than 65%. The long
delays associated with establishing successful communications in
the MF and HF bands have been traced to the loss of 10 ships with
243 lives in the past 10 years (NTSB Report NTSB-MSS-73-3, Aug.
16, 1972, Special Study Survivor Locator Systems for Distressed
Vessels).

The U.S. Coast Guard has undertaken a major construction pro-
gram for short range communications. The objective is to provide
VHF-FM facilities for communications to a minimum of 20 nautical
miles off-shore, along the major rivers and the Great Lakes. Coverage
of the continental U.S. coastal waters is expected by the spring of
1974, Planning and construction is continuing in Hawaii, Puerto Rico
and Alaska. Channel 16 (156.8 MHz) the National distress, safety
and calling frequency in the maritime mobile VHF-FM band is used for
this system. Coast Guard facilities provide continuous 24 hour
watch on this frequency. Projected capability of the VHF-FM
facilities expansion and a desire to avoid expenditure of funds
for short range special purpose communications equipment has led
the Coast Guard to evaluate electronic alerting and locating de-
vice (now under development) for operation in this VHF-FM band.

The distress alerting and locating system (DALS) is currently con-
figured to transmit Omega and Loran signals. The experimental
system uses UHF frequencies around 350 and 400 MHz.

3.2.2 AIR

Aircraft communicate energy situations to FAA ground station
facilities. The frequencies used are in the VHF 121.5 MHz, UHF and
L-Band - thus line of site. Signals are generally only detected by
ground stations when the aircraft is airborne. As a result, an air-
craft might easily travel 100 miles after indicating an emergency
before it crashes. The 121.5 MHz is voice AM radio and ground stations

can DF to establish a LOP on the aircraft,
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The L-Band System, ATCRBS. (Air Traffic Control Radar Beacon
System), is a coded Radar Transponder that has an emergency code.
Range and azimuth of aircraft are established as long as the ground
radar system has contact with the aircraft. The planned system
calls for 99% coverage of U.S. over 6000'(Above Ground Level).

In its current configuration, ATCRBS would be useless to locate
the crash. However, the ATCRBS system could be modified to serve
in the additional role of a crash position indicator. This
requires developing new equipment for search aircraft and modifi-
cation to current avionics. It would have the advantage of only
transmitting when triggered and, therefore, achieve longer poten-
tial battery life than free running systems.

3.3 SHIP MONITORING RELAY

The next class of equipment are monitored by ocean going
ships. These are the same as those monitored by shore stations.
RT equipped ships monitor 500 KHz. A proposed ammendment to the
IMCO Convention will require radio-telegraph equipped ships to
monitor 2182 KHz when ratified by 2/3 of member countries.
Monitoring may later be extended to 121.5 MHz if EPIRB, Emergency
Position Indicating Radio Beacon, is proposed and approved in
the future. The equipment for monitoring 500 KHz can employ auto-
mated alarm devices so that alerts are received whether the operator
is on duty or not. One consideration that continues to make MF
radio attractive for an emergency system at sea is that the range
of the ground wave extend beyond the line of sight. So that near-
by ships which are most likely to render assistance are alerted
over a larger area than by VHF. At 300 miles the attenuation of
500 KHz would be only 30 dB less than at one mile, hence a rela-
tively high probability of detection would result.

3.4 AIRCRAFT MONITORING RELAY

Aircraft monitoring of distress incidents is currently being
carried out by the Air Force and other government aircraft which
monitor 243 MHz one the the authorized ELT's emergency frequencies.
Most general aviation aircraft will carry an ELT as required by law

after Jan. 1, 1974. Air carrier monitoring as a possible means of
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alerting SAR forces would prove to be sufficient in regions of high
traffic density - those regions are shown in Figure 3-2. However,
more that 75% of A/C accidents in the Continental U.S. requiring
search and rescue response occur in regions where alert monitoring

on an hourly basis is open to question.

World wide monitoring by aircraft is not at all practical.
More than 2/3 of the Earth's surface would not receive weekly
coverage by ad hoc flying of aircraft involved in other missions.
To provide twice daily coverage to these regions by aircraft
dedicated to this mission would cost more than 1 billion dollars
per year and a system investment of twice that amount. If air
carriers monitor ELT frequencies and report distress alerts via
the ATC system, this may provide sufficient coverage to alert 90%
of the downed aircraft incidents within 12 hours of occurrence
for the 48 states. This is based upon an analysis of airline
coverage derived from plotting estimated positions of the U.S. air
carrier fleet from the Official Airline Guide every 2 hours on a

typical week day. See results in Appendix B.

A program should be initiated to evaluate the effectiveness
of ELTS in alerting search and rescue organizations to the occur-
rence of aircraft accidents on the North American continent based

upon operating experience.

This program should establish the level and adequacy of alert
coverage that might be expected in the future. The Emergency
Locator Transmitter (ELT) is a commercially available device (Appen-
dix C) carried by aircraft, that when turned on, transmits a swept
frequency radio signal on 121.5 MHz and 243 MHz (Appendix D). ELT's
can be turned on either manually or automatically, SAR Aircraft
can home on the transmitter to locate the lost aircraft. In 1974,
most General Aviation aircraft will carry an ELT as a result of
Public Law 91-596 passed by the 91st Congress.

In addition, the SAR system can get some measure of alert
information from military and other government aircraft monitoring
ELT frequencies on an ad hoc basis as they pursue their normal
flight missions. The ELT was developed during World War II and
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has been used by the military with some degree of success ever
since. Since then numerous incidents of both military and civil
rescue have been recorded which attribute their success to ELT's
both as an alert device and for incident localization. In phone
discussions with Major Eldridge of the RCC at Elmendorf Air Force
Base, in Alsaka, he reports quantitatively major savings in search
time for rescue incidents where ELT are carried. They have not
done any analysis of results. Further, in our pursuit of the sub-
ject through FAA, ARRS and NTSB we have been unable to unearth any
creditable statistical analysis which lead to a quantitive evalua-
tion of ELT alert performance.

We have reviewed flight densities over Northern Maine and
certain areas of the Western U.S. (Appendix B). In light of the
fact that 75% of the lost aircraft resulting in fatalities, crash
in these regions, the alert capabilities of the ELT may be inade-
quate. Therefore, we have concluded that to understand the utility
of ELT's for SAR activities, a data collection and measurements
program should be carried out. This program should address the
following questions:

— Quantatively, how will ELTs perform as an alerting system
when they are fully deployed in 19747

— Do the inadequacies arise because of lack of monitoring

coverage or technical deficiencies in the ELT?

— What improvement in alerting would have been realized if
air carrier coverage had been available?

— Are the uncorrectable deficiencies sufficient to justiry
an alternative approach such as GRAN-DILS for inland

applications?

— What is the false alarm rate with ELTs? What can be done
about 1it?

This program should be carried out during 1974, the first year of
complete ELT deployment.

Although we cannot say how ELTs will perform, the fact remains
that they are the only airborne equipment with alerting and locating
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capability that will be installed in 1974. Every effort should be
made to see that all the potential for alerting and localizing dovned
aircraft is realized and such deficiencies as exist in the system
corrected. This system must provide the best possible alert
capability until a new system is deployed.

There is a maritime counterpart to ELT called the Emergency
Position Indicating Radio Beacon (EPIRB). This equipment is
identical in its radio emergency signal to the ELT. The Coast
Guard has proposed rule-making to require inspected vessels to
carry EPIRBS units on their 1life boats.! Initially, it was also
proposed to encompass recreational boating but the FAA and ARRS
objected. FCC limited usage to registered vessels because of
potential channel saturation by recreational boat users, which
number about 8 million. Between the higher incidence of accidents,
10/hr and expected false alarm rate 40/hr, the channel would be
saturated for air users. The EPIRB has utility for locating
victims at the scene of an accident. This is sufficient justifica-
tion for EPIRB, however, the probability of successful alert is
much more limited than those of ELTs because, aircraft over flights

are primarily limited to heavily used transoceanics routes.

In addition to the operational evaluation studies, we suggest
that certain technical questions be evaluated to reduce the lead
time in implementing a program for upgrading ELT- EPIRB perform-
ance. An investigation of air carrier monitoring of ELTs and
EPIRBs to determine:

- Effect on crew work

- Possible automation of monitoring process

- Maintenance and cost problems associated with installing
guard band receivers on air carrier aircraft

- Impact SAR monitoring would have upon the ATC System

- Mechanism which can be used to induce air carriers to
monitor ELTs.

- The battery life and temperature problems

1Department of Transportation, Coast Guard, Federal Communications

Commission, Emergency Position Indicating Radiobeacons (Proposed
Rule Making), Monday, March 5, 1973, Washington, D.C., Volume 38,
Number 42, Part II
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— Radiation problems associated with forest environments and

antenna positions at time of accident.

3.5 SATELLITE MONITORING RELAY

Satellite monitored alerting and locating systems offer the
lowest cost possibility for providing a reliable system with
frequent access and global coverage. There are a number of pos-
sibilities that could work through a satellite:

GRAN/CIVIL DILS
ELT EPRIB

ATC SAT

MAR SAT

The ATC satellite, if implemented, would provide an ideal solution
for monitoring aircraft emergencies. As proposed in the AATMS
Program, the ATC satellite would provide surveillance, navigation

and communication. This system would establish to within 100
feet, the position of a crash. Verification that the crash had

occurred would require only a few seconds. There would be no
additional cost to the user as the aircraft beacon would be in the
aircraft for basic communications and air traffic control. It is
unlikely that an air traffic control satellite will be operational
before 1985, if then, it would only cover Continental North America.

3.5.1 Maritime Communications Satellite

The maritime communications satellite has progressed upon a
predominant need for improved communications. Safety communica-
tions would coexist with operational traffic although there would
necessarily have to be a priority interupt for distress communica-
tions. Alerting signals could be initiated through the shipboard
satellite terminal. Location could be sent as a dead reckoned or
known position, Loran or Omega signals for remote processing or if
the capability exists in the satellite system through ranging
signals from several visible satellites.
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A MAR SAT communication chanel can be used to request support
from ships which the AMVER system indicates are in the area of the
distress. However, it is less suitable for circumstances where
the alert message must be initiated from the survivor craft. The
proposed maritime satellite uplink is 1636.5 - 1644 MHz Band. As
opposed to 408 MHz proposed for GRAN DILS or 121.5, 243 MHz for ELT.
As a consequence, the loop gain-power budget for the unit accessing
a satellite would have to be increased by 12 dB to achieve comparable
probability of successful alert notification at the higher frequency.
This could be accomplished with increased power or antenna gain or
a decrease in band width requirements by preprocessing of signals
prior to transmission. The antenna gain option can be ruled out
because the antenna would have to be aimed at the satellite. The
possible options for such pointing are either costly or place un-
reasonable demand upon the survivors. The power option would demand
larger, heavier and more expensive units. Preprocessing the received
signals to narrow the bandwidth should be examined. However, provid-
ing for 400 MHz channels on MAR SAT would undoubtedly provide a less
costly system option. When considered from an overall survivor
system point of view, AERO SAT would have an advantage over MAR SAT
because of spot beam antennas on the satellite reducing the power
gain requirements of the ground systems. This option should be

investigated.

3.5.2 ELT § EPIRB Satellite

ELTs and EPIRB can be detected from satellites, however,
locating them on the surface of the earth with sufficient accuracy
to initiate a search involves dedicated satellites. This would
make such a system more costly than a system that could use a
relatively small amount of channel capacity on a satellite that
was servicing other functions. Traffic capacity is another dif-
ficulty for satellite monitored ELT's. ELT's signal format is
already established so that separating signals to increase traffic

capacity will involve either modifying or replacing units that are
in the field.
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The ELT signal format does not provide position information,
so that the satellite system must itself make measurements to
determine where the ELT is located. There are several possible
options for making such a measurement. If a syncronous satellite
monitoring system is used, either a set of three satellites must
observe the ELT or a single satellite with three antennae more than
30 feet apart. If a low altitude satellite is used, the range
rate (doppler shift) principle could be used to locate the ELT.

In either case the satellite system is sufficiently complicated
to require a dedicated system.

The fact ramins that the ELT will be required equipment on GA
aircraft, probably an investment of 15 to 20 million dollars.
This results in substantial pressure from the GA community (AOPA,
NPA, GAMMA & NATC) to provide adequate monitoring. However, the
development time required to implement satellite monitoring is
so long, that other alternatives already under development could
be available two to three years earlier. The development,
implementation and operational cost of these other systems would
be much less because:

o They would be (shared with) the military

o The satellite equipment could be piggy-back on multi-
mission satellites.

The question of user investment is one of timing. If ELT were to
be satellite monitored, it is unlikely that this could occur be-
fore 1981. By this time, users would be purchasing replacement
equipment. We have compared replacing ELTs with GRAN DILS at this
transition point and find that the total direct and allocable cost
to the user is 3 million dollars less per year for the GRAN DILS
alternative.

3.5.3 GRAN DILS

A promising alternative to satellite monitoring of ELT's could
be developed by joining of two programs that are currently in
progress: The GRAN system, an experimental system developed joint-
ly by the Naval Air Test Center at Patuxent, and NASA Goddard with
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the DILS concept that is currently being developed by Cincinati
Electronics for the USAF Wright Air Development Center's Life
Support Group. The latter has program responsibility for Tri-
service SAR Development. (We will refer to this combined program
as GRAN DILS.) Both of these programs are in the conceptual

phase of advanced development. These two programs are based upon
the OPLE concept of relaying OMEGA signals and from a local device
via satellite to a processing center. However, the predevelop-
ment units are not interchangable.

3.5.3.1 GRAN - Any discussion of GRAN should start with a predecessor
system called OPLE (OMEGA Position Location Experiment). OPLE equip-
ment was developed by Texas Instruments under NASA contract and was
not intended primarily for Search and Rescue operations. The re-
quirement established was for the simultaneous tracking of up to

40 floating platforms by means of satellite relay of OMEGA signals.
GRAN adapted these concepts for a SAR application.

Since the total bandwidth allocation for OPLE was 100 KHz,
this value was divided by 40 to arrive at bandwidth for each Plat-
form Electronic Package of 2.5 KHz with the intention of using a
frequency multiplex scheme for multiple access to the ground
station.

The VLF signal-to-noise ratios specified for the OPLE system
were extremely poor (zero dB in a one Hz bandwidth), which
necessarily led to a high degree of complexity and sophistication
in the design of ground equipment and long processing times on
received data in order to determine platform position.

The 2.5 kHz bandwidth requirement was carried forward into
the present General Instruments, Inc. preprototype SAR COM trans-
mitter which accomplishes this by means of a folded spectrum
technique.

The total double-sided bandwidth of the OMEGA spectrum is
27.2 kHz. However, the band actually occupied by the three OMEGA
signals encompasses only 3.4 kHz. (This bandwidth could be -

44



achieved directly by suppressed carrier SSB,). If the signals are
to be altered in frequency (as in the SARCOM), it would be possible
to coherently side-step them to a bandwidth of only a few hundred
Hz. With digital preprocessing, even smaller bandwidth requirements
could be achieved. Naturally, bandwidth will have a direct bearing
on required transmitter powers and antenna gains and a wide band-
width will, therefore, have an adverse effect on battery life. It
can, therefore, be assumed that the GRAN SARCOM is really satisfying
an earlier requirement and is a less than optimum design for the
GRAN application.

On technical grounds, such as these, we can discount reports
that GRAN hardware already exists and conclude that GRAN is still in
the conceptual stage. The hardware used for GRAN experiments is
really OPLE hardware.

These objections not withstanding, a partially successful GRAN
test of OMEGA satellite retransmission was conducted (under idealized
conditions) late in 1970. A van was equipped with OMEGA receivers,
satellite transmitters and a portable power generator and used to re-
transmit OMEGA signals via satellite to the Texas site. In a sense
the entire van can be considered a hand held SARCOM for purposes of
this test. An up-looking antenna was mounted on a mast above the
van to minimize ground problems.

Transmitter output power was set at 4 watts during satellite/
ground station acquisition and then dropped to 900 milliwatts for
OMEGA retransmission after acquisition was achieved. This procedure
has been termed the '"exalted acquisition reference" scheme.

Operation during the tests was apparently quite reliable,
although consistent errors of about 27 miles in position determina-
tion were noted at certain times of the day. These errors were at-
tributed to faulty correction of variations in OMEGA propagation
velocities.

Tests were also performed utilizing Differential OMEGA tech-
niques with much improved accuracy. Differential OMEGA has not been
seriously considered for GRAN or any other rescue system in the alert

phase of the operation, since it requires a separate retransmitter
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at a precisely known location 1n the immediate vicinity of the re-

transmitter at the unknown location.

In spite of the deficiencies noted and the idealized test
conditions, we can conclude from the GRAN tests that position loca-
tion by means of a satellite retransmission of OMEGA signals is

possible.

Since GRAN has not reached the stage of having its own optimized
hardware, the system must be discussed in conceptual terms.

GRAN is planned to consist of hand-held retransmitters, which
communicate directly with synchronous satellites. The satellite
will, in turn, retransmit these signals to a ground station for
processing to determine the position of the hand-held retransmitter
(SARCOM) .

Although the operating principles are quite different from those
of the ELT, several of the problems associated with the ELT will
also affect the SARCOM. In particular, if the SARCOM is to be hand-
portable, antenna orientation may prevent satellite access. Also,
it is doubtful that a user in a distress situation can always be
expected to carefully position his antenna. Deployable antennas
can probably be designed to minimize the orientation problem, but
such antennas would necessarily have negative gain (this would be
acceptable with high gain antennas on the satellite and relatively
high transmitter powers).

If the SARCOM is to be small and lightweight like the ELT,
batteries must also be small, but transmitter power necessary to
access a satellite may be considerably higher than the power output
of an ELT. Therefore, battery life is again expected to be a
serious problem. (The SARCOM might be operated with a low duty
cycle to alleviate but not eliminate this problem.)

Because a very large number of SARCOMS would be in the hands of
private users on a worldwide basis, simultaneous multiple access on

a large scale must be provided.

This seems to imply SAR electronics package on a multifunction
satellite. GRAN advocates have recommended dedicated satellites
called SARSATS.
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Satellite 1link calculations must be somewhat arbitrary at this
point in time because all system parameters are still variable.
However, a sample calculation directed at determining required

minimum transmitter power is provided below.

For purposes of this calculation, we will assume that the
present SARCOM bandwidth of 2.5 KHz 1is used, that a special non-
orientation-sensative transmitting antenna has a minimum gain of
-3dB, that an acquisition reference signal-to-noise is required in
order to access within the 2.5 KHz bandwidth (will improve acquisi-
tion), and that the satellite has a minimum receive antenna gain
of 15 dB to 8 dB for antenna pointing and station keeping errors
on a synchronous satellite. This implies a 12 ft. dish which in
turn, leaves no further question that the satellite be dedicated
exclusively to this application. For ZERO dB S/N, signal must be

KTB. Assuming a noise temperature of 600 degrees

2.06 x 1071 nilliwatts

137 dBm

KTB

For synchronous orbit of 20,000 nautical miles or 3.7 x 107 meters,
path loss will be 176 dB at 400 MHz.

Therefore: Required Signal -137 dBm
Plus Path Loss 176 dB

Less Receive Ant. Gain -15 dB

Less Transmit Ant. Gain - (-3dB)

Transmitter Output Power Required +27 dBm

This analysis shows that acquisition can be achieved with a
transmitter power of 1/2 watt and since processing can be performed
at lower signal-to-noise ratios after acquisition, transmitter power
could then be reduced to conserve battery life. However, no con-
sideration has been given for ground effects. If we assume that
vertical attenuation due to foliage is 2 dB for light cover, 8 dB
for medium cover, and 22 dB for dense foliage, the required initial
transmitter powers become 0.8 watts, 3.2 watts and 80 watts.

We can conclude from this, that SARCOM transmitter power should be
greater than 1/2 watt for improved operational reliability but that
there will still be some conditions under which the GRAN system can

not work.
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Another -major problem of the GRAN concept is that of basic
OMEGA accuracy. Even when corrected for propagation variations by
presently known techniques, position determinations will have
errors of one or two nautcial miles. Further, knowledge of a

performance at high latitudes has not been developed.

GRAN presents a problem in the localization phase of an opera-
tion because it transmitts intermitently, so that the signal may be
in an off state when the searcher arrives on the scene. This is
not an overwhelming difficulty in that the SAR-COM can be designed
to go into a transmit mode based upon a signal from the searcher
or the searcher can localize on the basis of differential Omega.

Differential OMEGA based upon survivors GRAN and searcher
GRAN units could be used to vector searches to within 300 feet
of survivors. The final problem is OMEGA ambiguity resolution
as discussed on page 53. However, the problem seems to be one of
selecting the optimum solution from several known approaches rather
than lack of a solution. Cincinnati Electronics Corporation has
suggested a combination of approaches of ambiguity resolution for
its ASAP/DIL and is still investigating methodology. The problem
is common to both systems and any method selected for ASAP will
also work for GRAN.

GRAN does show considerable promise as a worldwide SAR system
because of the simplicity of its retransmitter and the fact that a
single SAR center can serve very large areas. However, considerable
additional work must be done in the areas of bandwidth reduction,

transmitting antennas and improved battery life.

3.5.3.2 ASAP - The ASAP uses two major groups of subsystems to
accomplish the SAR objectives. These are:

Distress Incident Locator Group (DILG)
Survivor Locator Group (SLG)
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These subsystems are further divided into operational components as

follows:
DILG
Distress Incident Locator (DIL)
Satellite Link
SAR Ground Sation
SLG

Survivor Locator Device (SLD)
Tone Ranging/Pulse Coded Interrogation Equipment
(TR/PCI)
Director Finding/Exact Position Designation
Equipment (DF/EPD)
Airborne Multiple Target TR/DF/EPD Display
In operation, the DILG provides the distress alert and a crude
position of the distress incidents on a worldwide basis. The SLG
provides the exact position within the zone of errors of the DILG

and the method of homing on that position to within + 10 feet.

Because the SLG has a minimum range of 10 nautical miles over
a dense jungle environment (and a maximum range of 100 nm under
ideal conditions) the DILG can tolerate errors in position of at
least 10 natuical miles. The function of the DIL is somewhat
similar to that of the SARCOM of GRAN. However, because the per-
formance requirements imposed on DIL are far less stringent than
those of GRAN, the actual electrical and mechanical designs of the
two subsystems are expected to be considerably different. DIL is
intended primarily for distress incidents involving military air-
craft. Its package configuration is an airfoil which is recessed
into the skin of the aircraft. If the aircraft is seriously damaged
either in flight or on crash, the DIL is deployed automatically.
A gas bottle within the DIL then inflates a balloon which holds the
electronics canister aloft for a period of a few minutes to a few
hours. The satellite uplink antenna is formed of metallized mesh
which is carried inside the inflated balloon.

OMEGA signals are received by the DIL, processed, combined
with a digital code which identifies the aircraft, mission, etc.,
and transmitted via a satellite relay to a SAR center for further

processing position determination. Cincinnati Electronics 1is
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presently-performing-trade-off -studies—on-preprocessing techniques
for bandwidth reduction. Since a sample link calculation has
already been included in this report for the GRAN, the DIL will be
evaluated here in the same frame of reference. Because the DIL
antenna is a crossed dipole above a ground plane, it has gain
rather than loss. Further, the balloon will orient this antenna

in a nearly ideal position for satellite access. These factors will
give the DIL an immediate advantage of up to 10 dB over the GRAN
SARCOM. The balloon holds the DIL well above ground effects and
foliage providing an additional advantage of 2 dB to more than

20 dB.
A bandwidth reduction of at least 10 to 1 will provide an

advantage of 10 dB or more. The DIL does not need to continue to
operate until rescue is completed, only in the alerting phase.
Therefore, batteries can be drained at much higher rates and larger
batteries can be carried so much higher transmitter powers are
possible (but not needed).

For the exact example, (neglecting foliage) in which the GRAN
required 1/2 watt for access, the DIL could perform with only five
milliwatts of transmitter power. In practice, the DIL will not
require dedicated satellites with high gain antennas, so this
apparent advantage disappears. Actual recommendations for the
DIL are 5 to 10 watts of output power which will provide a signi-
ficant safety margin.

DILG also has a multiple access problem, but since there will
be far fewer DILS in a worldwide network than there would be SARCOMS,
again the problem is far less severe.

The SLG might be considered a special class of ELT system
without most of the disadvantages discussed previously. The SLD
is a very small (approximately one pound) package that has an out-
put power of 250 milliwatts. However, this device is not a beacon
transmitter but rather is a special type of transponder which is
turned on remotely by the search aircraft. Since it does not
transmit until the search party is actually in the immediate

vicinity, battery life can be extended for many days.
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The SLG is interrogated on a randomly assigned address code
and the code is also established from the search aircraft so that
each SLG can be interrogated independently. This feature
eliminates the problem of self-jamming and also provides a
means of displaying the bearing to many target SLG's simultan-
eously in the search aircraft.

There appear to be no disadvantages with the SLG that are
not also disadvantages of the ELT and, as pointed out above, there
are many advantages over the ELT.

There is no commonality between the SLG and the other systems
discussed but the SLG would be an excellent companion system for
GRAN (as it is for DILG).

The ground frequency selection problem is summarized in
Figure 3-3. Since 243 MHz is an existing emergency frequency
which happens to fall in a zone of minimum propagation loss, the
data has been normalized to 243 MHz. Thus, the curves plot losses
(above those anticipated at 243 MHz) as a function of frequency.
Losses due to foliage will vary from 2 to 22 dB at 243 MHz as

mentioned previously.

3.5.3.3 GRAN-DILS Development - Admitting differences that exist

between GRAN and DILS the commonalities that exist are more
significant in trying to shape a system. Both systems communicate
OMEGA position data via satellite to a ground facility for pro-
cessing; and a common joint rescue force is used to recover

survivors.

A joint DOT-DOD study should be initiated to evolve a joint
system with a set of user equipments that meet the needs of the
different users, but can be handled through a common communications
satellite link. This study should incorporate such questions as:

o The degree to which commonality in the equipments of
different users can be made to produce economies of
scale?
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o What preprocessing of OMEGA signals should be used to
reduce system bandwidth and as a consequence reduce
power requirements and affords more multiple access
capability for frequency division multiplexing?

o How to achieve proper antenna orientation for units that
are automatically activated?

o Should localization of survivors be accomplished on the
basis of Differential OMEGA, Direction Finding, and
whether the latter should use the 400 MHz signal.

o How can the localization signal be remotely activated?

o Suitable batteries for range of environments to be
encountered?

There are two problems that must be adressed if OMEGA is to
provide a basis for search and rescue alerting.

o Lane Ambiguity
o Basic Accuracy

The OMEGA System has lines of position signals that repeat
every 72 miles, so that the navigator cannot identify which 72
mile wide lane he is in. This ambiguity is not a problem for
usual navigational situations where the navigator starts with a
position fix and keeps track of the lanes that he has crossed.
In the GRAN-DIL case the OMEGA receiver has no initialization
data so that there is no way of knowing which lane the distress
signal originated from. The only thing that is known is the
relative position in some unspecified lane. There are two ap-
proaches that appear to offer partial solutions to this problem:

o Add fourth frequency to OMEGA
o Time of arrival of signals

This part of the program will be investigated in military contracts.
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3.6 LOCALIZING DISTRESS INCIDENTS

Let us next turn to the question of localizing the distress
incident once the SAR craft arrives at the site. Poor weather
conditions may make this task extremely difficult-high winds, dense
fog, heavy rain etc. The difficulties may impair the operational
safety of the search vehicle as well as limit visual capabilities.
Accurate position data from the alert channel reduces these dif-
ficulties by starting the search nearer to the target. Search time
is reduced roughly as the inverse square of the position uncertainty.

One approach to locating targets is direction finding. The
USCG already has such equipment in operational usage for the MF
and HF radio signals. The primary systems for future SAR are
most likely to be in the VHF, UHF, frequency region. So we will
only comment on these DF systems. DF equipment that locates target
to accuracy of 3-5° is available. Radair manufacturers such equip-
ment that costs about $3000/unit. This equipment is currently being
procured for CAP. The equipment is frame mounted which results in
errors when the search aircraft is maneuvering, but should still be
more than adequate for homing at low altitudes to within 100 feet
of the target. Cubic Corp. produces precision equipments called
ELF that measures in pitch as well as the direction plane. The
Coast Guard and ARRS have installed and tested this equipment on
their SAR Helicopters. It achieves an accuracy of 5-10 feet and
costs $35,000 per unit. In the case of GRAN an added possibility

is using differential Omega for the localization of survivors.

The differential Omega technique has been tested for surface
craft by the Navy. At differential distances of 22 miles they
achieved accuracy of 300 feet. It is doubtful that even in the
immediate vicinity of a rescue accuracy much better than 100 feet
could be achieved. The basic cycle length of Omega Signal is about
100,000 feet. Phase measurements to better than 1 part in 1000 are
not practical. Beyond the question of accuracy, limitations of air
vehicle motion may cause trouble unless an inertial sensor is in-
cluded to compensate for aircraft or helicopter dynamics.
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The SAR-TEL-COM may be supplemented in the localization phase
by other equipment. The final specification of localization accuracy
must take into consideration the systems that will be used to sup-

plement it.

A detailed comparison of the potential SAR-TEL-COM alternatives

is presented in Figure 3-2.
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l{, DEVELOPMENT PROGRAM FOR ALERTING AND LOCATING SYSTEMS

4.1 GENERAL

In this section a development program is described which will
provide an integrated SAR Alerting and Locating system that will
significantly reduce loss of life and property that can be attributed
to limitations in distress communications capability. There are
four programs that are of concern: Maritime satellite, GRAN,

ELT- EPIRB, and DALS. The GRAN-DILS program is already under way
with triservice support under the direction of the Life Support
Division of Wright Air Development Center. DOT is a participant
in this program through USCG. Beyond the efforts already underway
DOT participation should involve coordination studies (as will be
outlined) and investigation of special problems that are unique to
the civil requirements. DOT is already heavily involved in the
Maritime Satellite activities through TSC and the USCG. The impact
of SAR on this program is primarily one of liason with the safety
office. The ELT is currently operational; the problems here are
primarily those of establishing how well it operates and determin-
ing what can be done to upgrade its performance. Finally, DALS

is a Coast Guard R§D program that will be undergoing test and
evaluation. The proposed program has been reviewed and approved
within DOT and can be assumed to satisfy the needs of the Depart-
ment in this area. The one item that might be profitably added

to this program is to compare it on a system cost basis to shore
D-Fing in the VHF FM-Band on voice radio.

4.2 MARITIME SATELLITE

The Maritime Satellite will provide immediate access for ship-
to-shore and ship-to-ship communications. There will be channels
available for communicating the ships position to AMVER. The DOT
Safety Affairs Office should maintain liaison with the MAR SAT
Program to insure that safety functions are adequate.
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This program should be supported by a traffic analysis of safety
functions. This work should require 1 man quarter time over life
of MAR SAT development, $10,000/year.

4,3 GRAN-DILS

The GRAN-DILS System appears to be the best approach for pro-
viding a satellite monitored alert and location system for civil
search and rescue. The system is currently being developed by DOD
with plans to complete a system specification by April, 1974, If
DOT is to influence that specification, it should establish an
agreement with the triservice SAR Committee to this effect and
initiate technical cost trade-off studies that identify design
options that are suitable to satisfying the needs of the civil
users, as well as the military. These studies should be completed
to phase into the military specification.

The military DILS system has already completed requirements
studies and Cincinnati Electronics is currently involved in con-
ceptual design studies. These studies include work on how the
Omega signals are processed to narrow the bandwidth of the user
signal that is retransmitted to the satellite and methods for re-
solving the lane ambiguity problem. The Omega signal processing
studies will in particular have a major impact on the cost of units
for civil users and therefore should be of concern to DOT. A system
study should be initiated that investigates the trade-offs between

the following set of parameters.

Cost Reduction thru Commonality
Power Output

Processing Gain

Signal Bandwidth

User Interference

Developing such curves will provide a basis for selecting a solution
that is compatible with both civil and military users.

The civil system should provide both alert and localization in
a common unit to meet the established cost objectives. As a result,

the design must provide for localization. As the military uses a
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separate unit for localization DOT should make a design trade-off
study between the possible options. This study should investigate:

o Need and methods for searcher activiation of user unit.
o DF solutions versus Differential Omega
Providing signal at current DF-ing frequencies as
opposed to using 408.6 MHz that is used for SAR satellite

communications.

The civil requirement for user SAR-COMs in the GRAN system will
differ materially from the military system. Therefore, DOT should
provide for establishing a design and test specification that com-
mercial SAR-COMs can be designed to satisfy. Such a design and
test specification will insure reliable SAR communications to the
user, noninterference with other users, and compatibility with
military users. To develop the data for such a specification re-
quires that DOT design build and test and evaluate 20 SAR-COM
preprototype units. This program must wait for the completion of
civil systems studies. The program must be completed 1 year prior
to the start of GRAN service to allow vendors sufficient time to
develop units and put them on the market by July of 1978.

4.4 ELT's

The ELT will be in universal usage for GA aircraft during 1974.
It will be timely to gather data pertaining to the field performance
of ELT and their impact on reducing fatalities in air accidents.
These data should be analyzed to determine what measures should
be taken to upgrade the performance of the system. An analysis
of OAG Official Airline Guide air carrier position plots should be
made to establish what improvement in rescue time could be achieved
by monitoring and in turn what impact this would have on reducing
fatalities. These results should be compared with what would

happen if satellite monitoring were to be implemented.

Data should be gathered on false alarms as to frequency, location

and conditions under which it happened. This data can be used to
evaluate impact false alarms on all systems under consideration and
establish means for counteracting false alarms. A study should be

conducted to evaluate the impact of airline monitoring
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ELT's. This study should consider: crew work load requirements,
maintenance and cost to the airlines, the impact on the ATC system,
and means that can be used to make it attractive for airlines to
perform this function. Finally, a series of technical studies to
upgrade ELT performance should be conducted, These should include

battery life studies and guard-band monitoring systems.

The capacity of homing equipments to localize ELT is a subject
that has been operational for a number of years and ample data and
analyses should be available from the services.

4.5 DALS

The DALS Program Plan is included in Appendix E. It is re-
commended that a study be performed to evaluate the relative cost
of DALS as against shore DF-ing on VHF-FM signals from voice radios.
Such a program could be carried out for $10,000.

4.6 PROGRAM PLAN

4.6.1 DOT Work

4.6.1.1 Marine Satellite Monitoring §& Support Studies 5K
4.6.1.2 GRAN-DILS Signal Processing Trade-Off 100K
4.6.1.3 GRAN § DILS-Localization Study 20K
4.6.1.4 ELT Evaluation Analysis 60K
4.6.1.5 ELT Performance Upgrading Analysis 30K
4.6.1.6 Impact of Airline Monitoring ELT's 20K
4.6.1.7 ELT Technical Studies 30K
4.6.1.8 Currently Programmed DALS

4.6.1.10 Civil SAR-COM Development Program 280K

4.6.2 DOD Planned Work

4.6.2.1 Detailed Technical Analysis
4.6.2.2 Four Frequency Station Mod.
4.6.2.3 Operate Station (Forrestport N.Y.)
4.6.2.4 Procure and Modify Receiver
4.6.2.5 Modify Preprototype DIL Unit
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4.6.2.6 Collect Data
4.6.2.7 Data Analysis
4.6.2.8 DIL Specification

4.6.3 Schedule

The proposed schedule for suggested work efforts is shown in

Figure 4-1.

4.7 PROGRAM INTEGRATION

The proposed program for developing a SAR electronic alert and
location capability aims at providing an effective ELT monitoring
capability at the earliest possible date. Following this and
closely keyed to the military development of GRAN to provide the
more universal coverage of the satellite monitored system. 1In
parallel with this the Coast Guard will independently develop the
DALS system. The close similarity regarding the Omega system between
GRAN and DILS should lend itself to maximizing cross fertiliza-

tion between the two programs.

The item that is critical in the ELT Program to providing an
early alert capability is the Performance Evaluation Analysis. This
item defines what new work is required to attain the best performance
from the ELT system that is inherent in the system. Although this
program will undoubtedly take two years to complete, the critical
performance information that is needed to provide a basis for new
development work should be available at a much earlier date. The
air carrier impact analysis can be initiated at the beginning of
the program and carried on in parallel with other development work.

The same applies to the required technical studies.

The GRAN development work is keyed to the military development.
The primary item that appears to be time critical in the civil develop-
ment are the initial studies that will define a compatible satellite
communications link for the civil and the military system. The
military program has already initiated studies to define DILS.
These studies are to be completed in December of 1973. A problem

exists to complete a parallel civil effort to a time scale that
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will permit the civil system to inject any significant inputs 1into
the military program. As a result the civil system design will
probably be comprised to meet the military needs without due consid-
eration of its own priorities. Hence, the military needs will call
out the specifications of the satellite communications channel which
will be common to both users.

The next critical item in the schedule is the availability of
GRAN user prototype hardware for tests with the Navy GAP-SAT in '76.
A program plan provided by NASA indicates that such prototype hard-
ware could be developed and delivered in less than 18 months. To
meet such a schedule the GRAN system trade-off studies must be
completed by mid 1974 as shown on the schedule Figure 4-1. As
these studies will require at least nine months to complete, it
is important that they be initiated forthwith. (If the civil system
proposes to else but make the best of a system that is primarily
designed to meet the military requirements.) The GRAN localization
studies are less critical in their timing. If they were to be
completed by the end of 1974 they could be incorporated in the
Satellite SAR-COM development and testing program and would result
in a reduction in the civil costs for developing the system.
Completion of a testing program in parallel with the military
during 1976 will allow nine months to provide a specification to
the manufacturers to develop and get SAR-COMS into production to
have civil units on the market when Navy SAR SAT is launched in
mid 1978 to service the GRAN system.
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5. CONCLUSIONS

5.1 NEED FOR SAR

An unfullfilled need exists for a timely electronic distress
alerting and locating capability:

o Survivability of downed aviators and distressed mariners
diminishes rapidly with time. (the probability of sur-
vival is less than 50% if the search exceeds four hours.

o Time required to locate aircraft survivors where SAR is

involved now exceeds twenty-four hours, 93% of the time.

o Four million dollars potential annual saving in expendi-
tures on Search would result if adequate alert and loca-

tion systems were available.

o Six million dollars was spent in an unsuccessful search

for Congressmen Boggs and Begich.

5.2 ELT

A program should be initiated to evaluate the effectiveness
of ELTs in alerting the Search and Rescue organization to the
occurrence of aircraft accidents on the North American continent,
based on actual field experience:

o ELTs are now required by law for general aviation.

o Current very limited monitoring by military and govern-
ment aircraft only provides inadequate and random cover-

age.

o If aircarriers were properly equipped for monitoring
ELTs, their coverage would be orderly. Exact predic-
tions could be made of the coverage that they provided,
so that complimentary monitoring needs could be defined.

5.3 COORDINATION

Search and Rescue development programs require a coordination
function within DOT for all modes of transportation:
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Emergency Alert and location problems are common to several

phases of transportation.

Particular systems find application in several modal admin-

istrations.

SAR alert and location systems can be best designed to a
commonality of requirements which do not necessarily

restrict themselves to lines of modal interface.

Lack of clear responsibility has resulted in inadequate
monitoring for ELTs.

Operational SAR responsibility is shared with components
of DOD as outlined in the National Search and Rescue Plan.

New Equipment development coordination is needed.

5.4 COASTAL ALARM

Coastal regions present special problems that appear best
handled by means of the coastal VHF-FM network.

0

High traffic density within the coastal confluence region

could lead to a saturation of a satellite System.

False alarm rate for coastal boating is likely to be very
high.

VHE-EM NETWORK breaks the message traffic down into
limited regions so that saturation is not a problem.

Comparative studies of the Coast Guard's Distress Alert-
ing and Location System with DFing on voice communication
EPIRBs should be made to determine which is more suitable
for this application.

5.5 HIGHWAYS

A study is needed that addresses an associated but different

problem the distress alert question for highways.

(o}

Highway deaths are an order of magnitude higher than all

others modes.
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o Rural area death rate is double the metropolitan.

5.6 SATELLITE MONITORING

A satellite monitored SAR alert and locating system is needed

for global civil aviation and ocean maritime traffic.

o 75% of inland United States accidents involving SAR occur

where aerial monitoring is minimal.

o Canada and Alaska present coverage problems for aerial

monitoring.
o Ocean coverage by aircraft monitoring is highly unrealiahle

o Satellites provide least expensive total coverage.

5.7 GRAN

GRAN a civil version for the military Distress Incident Locator

Group (DILG) will provide the most cost effective system of alerting

and locating for maritime traffic and civil aviation in remote areas.

o The major federal cost elements of the system R§D will be

furnished by DOD in support of military requirements

o Available 2 years earlier than satellite monitoring
of ELTs

0 Satellite monitoring of ELTs as opposed to GRAN would

not provide instantaneous alert.

5.8 DEVELOPMENT PLAN

This initial study has identified several deficiencies in the
methods presently employed to alert federal and local agencies
of transportation distresses. Evolving methods of locating the
scene of the accident have also been investigated. The following
recommended actions constitute an integrated plan that will lead to
the correction of many of the deficiencies that appear in the systems.

o GRAN-DILS trade-off study.

0 GRAN-DILS localization study.
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ELT evaluation analysis

ELT performance upgrade analysis.

ELT air carrier monitoring impact study.
ELT technical studies

Retranmitted Navigational position vs direction finding

for coastal confluence areas.
Monitor the developments in maritime satellites.

Civil search and rescue emergency alerting and locating

device development test and evaluation,
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APPENDIX A
U:.S. SEARCH AND RESCUE RESPONSIBILITY

The National SAR Plan, provides an overall plan for the control
and coordination of all available facilities for all types of
search and rescue operations. A single federal agency, through
an appropriate Rescue Coordination Center, coordinates all SAR
operations in any one area. The plan establishes three SAR
Regions and designates Regional SAR Coordinators as follows:

The Inland Region: The Air Force
The Maritime Region: The Coast Guard
The Overseas Region: Overseas unified commanders

Regional SAR Coordinators are responsible for organizing existing
agencies and their facilities, through suitable agreements in a
basic network for rendering assistance both to the military and
non-military persons and property in distress and to carry out

the United States' ICAO obligations within their specific SAR
regions. The specific responsibilities are defined in Figures A-1
and A-2.
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APPENDIX B

AIR CARRIER COVERAGE OF CONTINENTAL
UNITED STATES

An investigation was made to determine the air carrier coverage
of continental U.S.

The first step was to produce a three-dimensional computer
model of the air user population. This was accomplished by using
Official Airline Guide schedule data to compute the instantaneous
location of U.S. certified scheduled aircarrier aircraft within
the CONUS (48) for selected times of days of the week. For each
aircraft, latitude, longitude and altitude is computed based on
scheduled departure/arrival times and specific performance
characteristics of the aircraft type, such as climb rate, cruise
altitude, etc. The output results of this model are shown in
Figures 1 through 13. Figures 1-12 show hourly distribution and
Figure 13 indicates that this population does not vary materially
on a day to day basis. One can expect once per day coverage over
90% of Continental U.S. Those areas not covered are:

West Texas
Northern Maine

U.S. Canadian Border

o O O ©°

Northern Nevada and East Oregon

The areas of high air traffic density will provide essentially
continuous coverage. The Great Plains will have coverage on once
hourly basis during daylight hours but not at night.

To complete this picture military, Government and GA flying
should also be plotted. Military flying will in all probability
complement the air carrier coverage.
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APPENDIX D

MINIMUM PERFORMANCE STANDARDS -
PERSONNEL TYPE EMERGENCY LOCATOR TRANSMITTERS ELT(P),
OPERATING ON 1271.5 AND 243.0 MEGAHERTZ

D.1 GENERAL STANDARDS

D.1.1 RATING OF COMPONENTS

The equipment shall not incorporate any vacuum tubes in its
design. All components shall be so rated that, when the equip-
ment is operated within the range of environments specified, its
performance will not degrade. In addition, components shall be
so rated that the equipment will function within the limits of
these standards after extended periods of inaction while carried
or installed in the aircraft and subjected to the environmental
conditions prescribed. Operation into any load likely to occur
in service, from open to short, shall not cause continuing de-

gradation in performance.

D.1.2 CONTROLS AND THEIR OPERATION

The operation of control intended for use during normal
operation in all possible position combinations or sequences shall
not result in a condition whose presence oOr continuation would be
detrimental to the continued performance of the equipment. The
number of controls shall be kept to a minimum to permit ease of
operation of the equipment. As a minimum, a positive means of
turning the equipment 'ON'" and "OFF" shall be provided for the
use of the operator.

D.1.3 EFFECT OF TESTS

Unless otherwise provided, the application of the specified
tests shall produce no subsequently discernible condition which
would be detrimental to the continued performance of the equip-

ment.
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D.1.4 POWER SUPPLY

The equipment shall have its own power supply and shall not
be dependent upon the aircraft power supply for its operation.
The power supply furnished shall be designed as an integral part
of the equipment or be securely attached thereto. Replacement of
the power supply shall not require any special tools or fixtures,
and any interface connections required shall be accomplished in
a manner to avoid reversed polarity or incorrect installation.
The manufacturer may provide for use of the aircraft battery or
any other supplemental supply or remote controls, provided that
such provision does not compromise any other requirement of these
standards.

D.1.5 WATERPROOFNESS

The equipment, exclusive of water activated batteries, shall
be waterproof. The effects of standing water on the outer sur-
face of the equipment shall have no significant adverse effect
upon the performance of the equipment.

D.1.6 OPERATING INSTRUCTIONS

Concise, unambiguous operating instructions, understandable
by untrained personnel, shall be conspicuously and permanently
displayed on the equipment. The display shall be weather re-
sistant, waterproof, and abrasion resistant.

D.1.7 EQUIPMENT EXTERIOR DESIGN

The exterior of the equipment shall have no sharp edges or
projections which could easily damage inflatable survival equip-
ment, injure personnel or damage their clothing. Means shall be

provided to secure the equipment to a survival craft or person.

D.1.8 ANTENNA

If the antenna is not designed to be stowed in its normal

operating position, the antenna shall be deployable to the designed
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length and operating position in a foolproof manner. If the
antenna or sections thereof are demountable, the antenna or sec-
tions shall be secured against loss. The antenna shall provide
optimum performance at 121.5 and 243.0 MHz and its radiation
pattern in the horizontal plane shall be essentially omindirec-

tional.

D.1.9 EQUIPMENT DEPLOYMENT

The equipment shall be so designed that it may be deployed,
its controls actuated, or the antenna erected, each by a single
action task which can be performed with either hand.

D.1.10 EQUIPMENT PERFORMANCE

Certain of the minimum performance standards specified in
Section 2 are required to be demonstrated under certain environ-
mental conditions, as specified in Section 3. The required
environmental tests are limited to those so specified; however,
the equipment shall be designed to meet all of the performance
standards of Section 2 under all conditions within the specific
envelopes defined by the environmental categories declared by the
manufacturer. (See RTCA DO-138 for explanation of categories.)
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D.2 MINIMUM PE%FORMANCE STANDARDS UNDER STANDARD TEST
CONDITIONS

The test procedures applicable to a determination of the per-
formance of personnel type emergency locator transmitters ELT(P)
operating on the frequencies of 121.5 and 243.0 MHz under standard
test conditions are set forth in Appendix A of this Paper.

D.2.1 OPERATING LIFE

The capacity of the power supply shall be sufficient to pro-
vide continuous operation for at least forty-eight (48) hours
under the condition of maximum power consumption. During and at
the end of the 48-hour period, and without interruption of opera-
tion, the peak effective radiated power shall be not less than
that specified in Paragraph 2.2.5.

D.2.2 TRANSMITTER

D.2.2.1 Operating Frequencies

The transmitter shall operate simultaneously on 121.5 and
243.0 MHz + .005%.

D.2.2.2 Modulation Characteristics

The type of emission shall be A9 and shall have a distinctive
audio characteristic achieved by amplitude modulating the carrier
with an audio frequency sweeping downward over a range of not less
than 700 Hz, within the range 1600 to 300 Hz, and with a sweep
repetition rate of between 2 and 4 Hz.

The modulation may be essentially or entirely negative going,

and the modulation envelope may be essentially rectangular.

The modulation factor shall be at least 0.85.

1In addition to the standards specified herein, all of the re-

quirements of Part 87 of the FCC Rules and Regulations, including
Section 87.77(b), which requires transmitter type acceptance,
shall apply.
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D.2.2.3 Modulation Duty Cycle

The modulation applied to the carriers shall have a minimum

duty cycle of 33% and a maximum duty cycle of 55%.

D.2.2.4 Transmitter Duty Cycle

The carrier shall not be interrupted, except as allowed in

Paragraph 2.2.3, above.

D.2.2.5 Peak Effective Radiated Power

The peak effective radiated power (PERP) shall be at least

75 milliwatts on each frequency.
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D.3 MINIMUM PERFORMANCE STANDARDS UNDER ENVIRONMENTAL TEST
CONDITIONS

Unless otherwise specified, the test procedures applicable
to a determination of the performance of the radio equipment
under environmental test conditions are set forth in RTCA Docu-
ment DO-138 - "Environmental Conditions and Test Procedures for
Airborne Electronic/Electrical Equipment and Instruments,' dated
June 27, 1968

Tests that cannot be performed on the operating frequencies
within a shielded room or other suitable shielded enclosure shall
be performed on any frequency which is within 1% of the nominal
frequencies of 121.5 and 243.0 MHz, and in accordance with appli-

cable FCC Rules and Regulations.

D.3.1 TEMPERATURE AND ALTITUDE TESTS

NOTE: In conducting the Temperature-Altitude Tests, the
test procedures of D0-138 shall apply except where
noted and except that the temperature indicated
below shall be used instead of those specified in
Table I of DO-138:

The Low Not Operating Temperature shall be -65°C,

the Low Operating Temperature shall be 0° C, the

High Not Operating Temperature shall be +71° C,

and the High Operating Temperature shall be
+55° C.

D.3.1.1 Low Temperature Test

When the equipment is subjected to this test:
a) All mechanical devices shall operate satisfactorily.

b) The requirements of Paragraphs 2.1, 2.2.1, 2.2.2,
2.2.3 and 2.2.4 shall be met.

81



D.3.1.2 High Temperature Test

NOTE: No High Short-Time Operating Temperature Test is

required

a) Immediately after exposure to the High Not Operating

Temperature:

1) A1l mechanical devices shall operate satisfactorily.

2) There shall be no evidence of materials, such as
grease or potting and sealing compounds, exuding
or dripping from the equipment components.

b) When the equipment is operated at the High Operating
Temperature, the requirements of Paragraphs 2.1, 2.2.1,
2.2.2, 2.2.3 and 2.2.4 shall be met.

D.3.1.3 Altitude Test

NOTE: The following test procedure is in lieu of that
specified in DO-138.

Subject the equipment (not operating) to an atmospheric
pressure equivalent to 50,000 feet for a period of not less than
15 minutes. Increase the pressure to ambient atmospheric pres-
sure at a rate equivalent to at least 10,000 feet perminute.
Within three minutes after reaching ambient atmospheric pressure,
the requirements of Paragraphs 2.2.2, 2.2.3, 2.2.4 and 2.2.5
shall be met.

D.3.1.4 Decompression Test

NOTE: This test is applicable to equipment which is in-
tended to be carried or installed in a pressurized
area of an aircraft. The following test procedure
is in lieu of that specified in DO-138.

With the equipment not operating, adjust the atmospheric
pressure to that equivalent to an altitude of 8200 feet. Main-
tain this pressure for at least five minutes. Reduce the atmos-
pheric pressure to that equivalent to an altitude of 40,000 feet.
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This reduction in pressure shall be effected within a time period
not to exceed 15 seconds. Maintain this reduced pressure for at
least 10 minutes than increase the pressure to ambient atmos-
pheric pressure. Within three minutes after ambient atmospheric
pressure is reached, the requirements of Paragraphs 2.2.2, 2.2.3,
2.2.4 and 2.2.5 shall be met.

D.3.1.5 Over-pressure Test

NOTE: This test is applicable to equipment intended to be
installed, or stored in pressurized areas of an
aircraft.

When the equipment is subjected to this test:
a) All mechanical devices shall operate satisfactorily.

b) The requirements of Paragraphs 2.2.2, 2.2.3, 2.2.4
and 2.2.5 shall be met.

D.3.2 HUMIDITY TEST

NOTES: 1) The DO-138 Test Procedure for Standard

Humidity Environment shall be used.

2) The humidity test shall be conducted after
the Temperature and Altitude Tests, the
Vibration Test and the Shock Test.

a) After being subjected to this test and within 15
minutes after power is applied, the transmitter's
peak effective radiated power shall be not more
that 3 dB below that specified in Paragraph 2.2.5
and the modulation capability shall be essentially
that required by Paragraphs 2.2.2, 2.2.3 and 2.2.4.

b) Within four (4) hours of the time primary power is
applied, the requirements of Paragraphs 2.2.2,
2.2.3, 2.2.4 and 2.2.5 shall be met.
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c) Operate the equipment beginning immediately after
being subjected to this test continuously for a
period of 48 hours after which all of the require-

ments of Paragraph 2.2 shall be met.

D.3.3 SHOCK TEST

NOTE: The following test procedure is in lieu of that
specified in DO-138.

Secure the equipment (not operating) to a shock table
by the mounting means intended for use in service installa-
tions. With the equipment mounted in each of the below-
stated six positions, apply one shock having the character-
istics stated below. The mounting of the equipment should
include those non-structural connections which are a normal

part of the installation.

Adjust the shock table to deliver a shock pulse having a
half sine wave with a duration of 11+2 milliseconds and an
amplitude of 50G. The instrumentation to demonstrate com-
pliance shall have a 3 dB response over the range of at least
§ - 250 Hertz.

A. Normal upright.
B. Suspended upside.down.

C. At positions such that the first major orthogonal
axis of the equipment successively forms angles
of plus 90° and minus 90° (two positions) with the
plane of the table.

D. At positions such that the second major orthogonal
axis of the equipment successively forms angles of
plus 90° and minus 90° (two positions) with the
plane of the table.

Following application of the shocks, all of the require-
ments of Paragraphs 2.1 and 2.2 shall be met.
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D.3.4

NOTE:

a)

b)

c)

d)

VIBRATION TEST

specified in DO-138

The following test procedure is in lieu of that

So secure the equipment (not operating) to a vibration

table that sinusoidal vibratory motion

is exerted

parallel to one of the three major orthogonal axes of

the equipment. The equipment shall be
vibration table by the means specified

manufacturer for service installations.

vibration frequency over the range and
fied below at a rate not to exceed 1.0

affixed to the

by the equipment
Vary the

amplitude speci-

octave per min-

ute. Continue the vibration for a minimum of one hour.

Vibration Characteristics

Constant total excursion of 0.100" from 5 Hertz to

that frequency where an acceleration of 10G is reached

and from that frequency to 2,000 Hertz
acceleration of 10G.

a constant

Repeat the procedure specified in (a) above with the

vibratory motion applied along the second major ortho-

gonal axis of the equipment.

Repeat the procedure specified in (a) above with the

vibratory motion applied along the third major ortho-

gonal axis of the equipment.

Subsequent to exposure to vibration, all of the re-

quirements of Paragraphs 2.1 and 2.2 shall be met and

all mechanical devices shall operate satisfactorily.

NOTES: 1) The test fixture used shall

be as rigid

and symmetrical as practicable.

2) The control accelerometer shall be mounted

on the test fixture as near

as possible to

the equipment mounting location.
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D.3.5 TEMPERATURE VARIATION TEST

NOTE: The following test procedure is in lieu of that
specified in DO-138.

Stabilize the equipment temperature at 0° C at ambient room
atmospheric pressure with the equipment not operating. Operate
the equipment at maximum power consumption. Increase the tem-
perature of the air in the test chamber to +55° C at a rate not
exceeding 1° per minute. In the interval between the time that
the equipment temperature stabilizes at 0° C and the time it
stabilizes at +55° C, determine that the frequency of the rf
carrier is within .005% of the assigned frequency.

D.3.6 IMMERSION TEST

NOTES: 1) This test is additional to the environmental
tests specified in DO-138.

2) This test shall be conducted after the vibra-
tion Test and the Shock Test.

The equipment, including power supply, with the power off,
shall be completely immersed in salt water for a period of at
least 15 hours. Immediately upon removal of the equipment from

the salt water:
a) All mechanical devices shall operate satisfactorily.

b) The standards of Section 2.0 shall be met, except
that equipment designed to be operated from water
activated batteries need (with respect to Paragraph

2.1) operate only 33 hours.

D.3.7 WATERPROOFNESS TEST

NOTE: The test procedures contained in DO-138 shall apply,
except that compliance with the required standards
shall be determined while being subjected to this
test instead of after the 15-minute period.

While being subjected to this test, the requirements of

Paragraph 1.5 shall be met.
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APPENDIX E - DALS PROJECT 731140

E.1 OBJECTIVE

The Distress Alerting and Locating System (DALS) will provide
the Coast Guard SAR personnel with the capability of locating
a distressed vessel or person within 1/2 mile after a initial
distress alerting signal has been received. Vessel or personal
identification will be included as well as emergency status. In
a very short period of time after the Coast Guard SAR forces
have been automatically alerted of an emergency, the Rescue
Coordinator will be told who is in distress, the extent of the
emergency, how many persons involved as well as where the emergency
took place. Therefore, the DAL system will eliminate all of the
unknowns from SAR and only rescue will be involved thus reducing
time and expense of SAR operations. The DAL system is based on
coorperative and/or mandatory carriage of the distress device by
maritime and boating personnel.

E.2 BACKGROUND

Under contract CWB-11187, the Department of Commerce (ESSA
Weather Bureau) provided some original development for weather
balloon tracking to determine wind direction and velocity by uti-
lizing remotely retransmitted LORAN/OMEGA signals. NASA initiated
an experiment in June 1967 called OMEGA Position Location Equip-
ment (OPLE) whereby the splash down point of Apollo spacecraft
could be determined remotely. These two previous efforts are the
basis for this development of a SAR Distress Alerting and Locating
System (DALS) utilizing retransmitted LORAN/OMEGA signals to
remotely determine the location of a distressed vessel or person.
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E.3—APPROACH

General: Since a very high percentage (90%) of Coast Guard
SAR cases involve recreational boaters in Coastal waters (within
20 nautical miles), this zone becomes of primary interest for
coverage by DALS. Secondary area for SAR coverage will be the
open Ocean zones thus extending DALS to a world-wide system.
Within these guidelines, DALS will be designed to utilize a posi-
tion location system and coded information for line of sight
operation (coastal coverage to 20n miles) and evenutally will
expand to world-wide coverage with a relay link via satellites.
The distress device will be designed for simple operation, long
shelf life, compact, easily tested, very reliable and low user
cost.

Specific: The approach to be taken will provide for a pro-
totype DALS for test and evaluation as a pre-operational system

within a four (4) year period.

Initially, a modified LOCATE system developed by Beuker's
Lab. was procured to provide for distressed vessel (person)
position as well as identification. Field testing of this
experimental DALS commenced in 4th Qrt. of FY73 in Coastal/
Inland waters utilizing the CG R§D Center and continue through
FY74. During FY73 the following efforts were initiated:

a. Investigate multiple access and false Alarms in an

attempt to prevent system saturation.

b. Investigate feasibility of using DALS as a Harbor Traffic
Control system and a Buoy Position monitoring system.

c. Investigate automatic deployment techniques for user
device (hand-held unit), and re-packing techniques to

prevent damages.

d. Investigate feasibility of a frequency modification to
the Experimental DALS for operation on an allocated Safety
and Distress frequency.
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Situation code modification; upon completion of these
investigations, the Experimental DALS transmitters (hand-
held) would be re-packed to incorporate; long shelf life
batteries, non-destruct antenna, and a sealed (environ-

mentally protected) case, followed by:

1. Modifications necessary to incorporate the Safety and

Distress frequency change to provide for a Pre-
Operational DALS.

2. Field testing under pre-operational conditions.

3. Provide design specifications for an Operational DALS.

E.4 BENEFITS

Since DALS will eliminate the need to search for cooperative
individuals, the

a.

b.

E.5

Reduced
Reduced
Reduced
Reduced
Reduced
Reduced

Improve

RISKS

following benefits will be realized:

SAR expenses.

time to effect a rescue.

loss of 1life (increase probability of survival).
property loss.

injuries.

dangers to SAR personnel extended searches.

total SAR efficiency.

No technical risks are envisioned. Primarily the basic sys-
tem has been proven feasible by NASA (OPLE), US Navy (GRAN) and
the National Weather Service. System application problems of
concern are:
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Use of alerting and locating devices by large numbers of

the maritime and boating populations can result in multiple
access and false alarm problems thus saturating DALS and
straining the present SAR capabilities. Also, the DALS
requires the availability of a NAVAID signal without
ambiguities. Presently, OMEGA possesses lane ambiguities.
Cost of the user device unit must be in reasonable proportion
to that of other safety devices and the overall investment

in boat, motor, and miscellaneous equipment.
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