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CHAPTER |

INTRODUCTION

In 1985, technology was developed to assist iatewi and maritime search and rescue
through Emergency Locator Transmitters (ELTs) dedspace-based COSPAS-SARSAT system
(COSPAS-SARSAT, 1999). These 121.5 MHz ELTs wereied aboard aircraft and activated
automatically or manually in the event of an aificcaash. The constellation of geostationary and
low earth-orbiting satellites provide 24-hour monihg coverage for aviation and maritime ELTs
(COSPAS-SARSAT, 1999). In addition to rapid alggtithis system aids in initial beacon
location through triangulation and Doppler shifQ8PAS-SATSAT, 1999). Even with an ELT
on board, studies reveal it requires an avera@1&f hours before a crash scene can be properly
located (Trudell & Dreibelbis, 1990; Chouinard, 20Wallace, 2004).

Recent advances in technology and public poliset@nanged the manner in which
aviation search and rescue is carried out in theedistates. In February 2009, the international
COSPAS-SARSAT organization, which oversees saetibnitoring systems for aviation search
and rescue beacons, directed the cessation of M z=signal monitoring. This policy was
instituted to encourage COSPAS-SARRSAT member natio adopt mandatory carriage
regulations for the newly deployed 406 MHz emergdocator transmitter technology. While
most nations acquiesced to the COSPAS-SARSAT Earsition mandate, the United States
incurred a severe backlash from pilot groups. €quently, the Federal Aviation Administration
yielded to the public outcry against adopting tbevnechnology leaving search and rescue
agencies scrambling to find new methods to lociateadt in distress.

While some U.S. pilots elected to embrace the gasumplemented by the COSPAS-
1



SARSAT agency and purchase new 406 MHz ELTs, médatsmlid not. For those who failed to
update to ELT models which supported the 406 Mighrelogy, search and rescue effectiveness
was deteriorated to pre-1980s levels.

Unable to utilize satellite methods to locate maingraft in distress, the Air Force
Rescue Coordination Center (AFRCC), which oversd#lasland aviation search and rescue
missions within the continental United States, Weased to employ other methods of location.
Two primary tools emerged to augment distressexladirlocation: radar forensic analysis and
cellular phone forensic analysis. While both mdthwere utilized on a limited basis prior to the
121.5 MHz ELT signal blackout, these location meaase quickly thrust into use as primary
location methods after 2009.

While new 406 MHz ELTs and forensic proceduresrgegly reduce the time required
to positively locate a crash site, no studies H@een performed to date that quantify the extent to
which each affects search duration. The effecégerof 406 MHz ELTs is based on expected
accuracy improvements over previous models anddarscale testing. Similarly, the
effectiveness of radar forensic and cellular foreasalysis location methods in aviation search

and rescue remains largely anecdotal, having rest beientifically studied.

Problem

According to National Transportation Safety Bo@¥d SB) data between 2007 and 2009,
among the 1,477 general aviation accidents thatroed in the United States, nearly 82% were
non-fatal (National Transportation Safety Board B[, 2011). Ultimately, the chief risk to
crash victims is injury and exposure. Accordingt@ol Mark Fowler of the Air Force Rescue
Coordination Center, approximately 60% of crashiwis are injured with only a short, 24-hour
survival rate (Schiff, 1999). The remaining unngd victims have a cumulative 50% mortality
rate each three-day period, primarily due to expog8chiff, 1999). Another 2007 COSPAS-

SARSAT study revealed that mortality exceeds 9086eld on 48 hours of exposure (licev,
2



2007). A similar Oregon study of uninjured victinevealed a 99% exposure mortality rate if
rescue is delayed beyond 51 hours (Adams, Schivaltgard, & Frederiuk, 2007). Conversely,
mortality is reduced to only 40% if aircrews aredted within eight hours (licev, 2007).

Complicating search and rescue efforts is the teastory over which a search may
occur. The United States Census Bureau reportsaiienal land area includes more than 3.5
million square miles (U.S. Census Bureau, 2012)coiding to the NTSB, enroute operations
account for 19% of general aviation accidents @mdaains the second highest phase-of-flight risk
category (NTSB, 2011). Conclusively, the oddsrofacraft crashing in a populated area where
emergency response would be immediate is quite low.

To prevent the needless loss of life from initialbn-fatal general aviation accidents in
the United States, it is important to understand hdvanced aviation search and rescue

technologies and procedures affect search duration.

Purpose

The purpose of this study was to determine theonhpf advanced search and rescue
devices and search methods on search duratiorefargl aviation aircraft crashes. The study
seeks to assess three generations of emergendtgrloe@msmitter models, including 121.5 MHz
beacons, 406 MHz beacons, and GPS-Aided 406 MHzobsa Additionally, the study will
evaluate modern radar and cellular phone forensihoals to ascertain if these search methods

reduce search duration.

Research Questions

Study methodology was designed with the intentrofipcing quantitative results to answer the
following research questions:
1) Do ELTs significantly affect search duration?

2) Do ELTs with higher fidelity location accuramsult in lower search durations?
3



3) Does the lack of satellite monitoring of 12MBlz ELTs result in higher search

durations?

4) Does the use of Cellular Phone Forensics ta$fegrch duration?

5) Does the use of Radar Forensics affect seancttion?

6) Does the use of multiple crash location cbators (such as ELTs, Cellular Phone

Forensics, and Radar Forensics) result in shee@rch durations than if fewer crash

location contributors are used?

Resear ch Hypotheses

The study was formulated around six hypotheses.

H-1:

H-2:

H-3:

Hi.a: There is a significant difference in search tores for aircraft equipped
with any ELT than those not equipped with an ELT.

Hio: There is no significant difference in searchadions for aircraft equipped
with any ELT than those not equipped with an ELT.

Ha-a: There is a significant difference in search tarefor aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.ao: There is no significant difference in searchadion for aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.e.a: There is a significant difference in search tarefor aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

H.e.o: There is no significant difference in searchatiion for aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

H.a: There is a significant difference in search tares from satellite

monitored 121.5 MHz ELTs and unmonitored ELTs.
4



Hso: There is no significant difference in searchadions for satellite monitored
and unmonitored 121.5 MHz ELTSs.

H-4: H.a: There is a significant difference in search tares of aircraft searches
that employ cellular phone forensics.
Hso: There is no significant difference in the seadohations of aircraft
searches that employ cellular phone forensics.

H-5: H.a: There is a significant difference in search tore of aircraft searches
that employ radar forensics.
Hso: There is no significant difference in the seadohations of aircraft
searches that employ radar forensics.

H-6: Hs.a: There is a significant difference in search tare if multiple crash
location contributors are used.
He.o: There is no significant difference in the seatamations if multiple crash

location contributors are used.

Research Approach

The study will evaluate historical search and uestata extracted from a database
maintained by the Air Force Rescue Coordinationt€enEmergency locator transmitter
information, forensic usage, and mission duratiataavill be statistically assessed to answer the

posed research questions.

Assumptions

The researcher makes the following assumptiongdagathis study:
1) Search crews were assumed to be of relateaaal skill level.
2) Resources dedicated to searches were assarheddlatively comparable in type

and size. Employment of such resources were asstorbe conducted in relatively
5



similar fashion.
3) AFRCC mission data was assumed to be reca@cadately.
4) 121.5 MHz ELT missions conducted since 20@Pndit benefit from satellite

monitoring.

Limitations

The researcher acknowledges the following limitaiassociated with this study:
1) General aviation accidents occurring over wateewet assessed.
2) Specific radar or cellular phone forensic mdthwere not assessed. Only the
presence or absence of their use during a seassiomwas analyzed.
3) Terrain effects, signal shielding, or any ottaetors that may have degraded ELT
signal reception was not be taken into account.
4) Activation delays in search and rescue foe@ayment was not evaluated.
5) The impacts of weather delays to search asmligactivities was not evaluated.
6) Delays in data acquisition for radar or celfyphone forensic information was not

addressed.

Terminology

The following terms apply to this study:

A Posteriori Probability Probability calculation performed "after thetfaand based on

historically collected data.

Air Force Rescue Coordination Center (AFRC@)gency responsible for coordinating all

emergency locator beacon and aircraft search awtdieeactivities within the United States.

Cellular Phone Forensic Analysishe composite of services provided by cellulaome carriers

and analysts to facilitate the location of cell peaarrying victim in an emergency.

COSPAS-SARSAT Constellation composed of Low Earth Orbiting REARS) and
6




Geostationary Earth Orbiting (GEOSAR) satellitesdumternationally for search and rescue
alerting and location services.

Crash Location ContributerA mechanism by which location information is yided about an

aircraft search. For this study, this definitioitl Wwe confined to mean Emergency Locator
Transmitters, Cellular Phone Forensics, and Radgarisics.

Emergency Locator Transmitter (E}.TAn emergency device on an aircraft designedaiasmit

an signal to activate emergency response and sodees in locating an aircraft crash site.

Global Positioning System (GIPSConstellation of satellites used by ELTs fositional

fidelity. These satellites enhance location dateiged to search and rescue personnel.

Probability of Detection Probability that searchers will detect a seatgjective, based on

various conditions.

Radar Forensic Analysisanalysis of recorded radar data used to detertnack, course, speed,

last known position, and other parametric fligfformation for an aircraft.

Satellite Footprint the ground coverage area in which a satellitereaeive a transmitted signal.

Search and Rescue Devicesl models of Emergency Locator Transmitters.

Scope

The study was confined to general aviation seanthrescue missions occurring between

2006 and 2011 and conducted within the contiguauiged States.

Organization

Chapter | lays the foundation for the overall stu€hapter Il will cover the relevant
background for the study including: search andueststory, concept of operations,
technologies, forensic methodology, and previoleged research. Chapter IIl will outline the
study's design and implementation, present hypistileselopment, establish hypothesis testing

criteria, and overview statistical methodology. agter IV will present the raw findings of the
7



data and statistical testing. Finally, Chapter \f assess the findings for meaning, establish

study conclusions, and present both research agréiignal recommendations.



CHAPTER Il

REVIEW OF LITERATURE

Introduction

Literature was compiled to provide an in-depthroiev of theoretical concepts and
background information to support the study. Titezdture review is organized into seven
sections. The first section justifies the needlierstudy. The second section provides critical
background information about the COSPAS-SARSAT wiladion, outlines the capabilities of
various ELT beacons, and discusses current seadcireacue procedures used worldwide. The
third section overviews the operational applicabbsearch and rescue and organizational
responsibilities. The forth and fifth sectionslmé the use and considerations of modern radar
and cellular forensic procedures. The sixth saatawiews the study's research philosophy and
theoretical foundation. Finally, section severspras previous, relevant research conducted in

the field of aviation search and rescue.

Section 1: History of Aviation Search and Rescue

A Survival Problem

The vast majority of general aviation aircraftidents are not fatal. According to a
National Transportation Safety Board review of LEi8il aircraft accidents, personal flying
accounted for two thirds of all general aviatiorcaift accidents (NTSB, 2011). Moreover,
accident statistics indicate that a majority ofsthaircraft accidents do not result in a lossfef li

Between 2000 and 2009, the NTSB revealed a me@f.4% of general aviation personal flying



accidents were non-fatal (2011). This findingugtier highlighted when evaluating personal
flying accident rates. In 2009, the non-fatal peed flying accident rate was calculated at 12
accidents per 100,000 flying hours--six times thte of fatal personal flying accidents in the
same period (NTSB, 2011). The rate of fatal psabflying accidents has remained relatively
stable at 2 accidents per 100,000 flying hourses@@00 (NTSB, 2011). The NTSB's findings
are clear--the vast majority of general aviatiocidents are survivable.

Following an aircraft crash, injury and exposure the two chief threats to continued
aircrew survival. Aviation search and rescue experCol Mark Fowler, reported that nearly
60% of crash victims incur injuries and generaliyyossurvive about 24 hours (Schiff, 1999). The
mortality rate for the uninjured victims is abo% every three days (Schiff, 1999). These
estimates are supported by a 2007 study by Adacmmnigt, Newgard, and Federiuk which
assessed exposure mortality for uninjured wildesmeims in Oregon. The study revealed that
only about 1% of uninjured victims survived beydidhours (Adams, Schmidt, Newgard, &
Frederiuk, 2007). Further studies by NASA repodgdrew crash survival at less than 10%, if
rescue is delayed beyond 48 hours (Trudell & Dibibe1990). These survival odds are
improved to more than 60% if rescue is effectedhiwieight hours (Trudell & Dreibelbis, 1990).
These statistics were also cited by llcev in a spa@007 research report.

Sear ch and Rescue System Framework

More than one hundred years ago, radio signalerter debut in the search and rescue
arena. Originally mounted aboard sea vesselSdifety of Life at Sea radio system was used to
improve the safety of mariners (Ahmed, 2007). doent years this technology has advanced
significantly and been integrated into multiple decation services for commercial and
governmental use (Koshima & Hoshen, 2000).

Modern signal location technology uses a myriagrotesses to positively fix on a
target. The earliest method for signal locatiors ¥eause a directional antenna to derive the

bearing to a beacon, based on the signal streiiffgheditial between dipole antennas (Koshima
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& Hoshen, 2000). The precise location of a beamrid then be located by triangulating the
trajectory of the signal from multiple directiomakeivers (Koshima & Hoshen, 2000). Some
platforms such as satellites can pinpoint a beadooation based on the Doppler shift, or change
in frequency, relative to the satellite's moveniéinev, 2007). Alternatively, location
information can also be derived by calculatingdiference in signal arrival times to
geographically separated receivers, based on delgf light constant of RF transmissions
(Koshima & Hoshen, 2000). Signal arrival time drféntial is the fundamental principle behind
the Global Positioning System (GPS) location methlocthis case, the time differential of four
satellite signals is calculated by the GPS receaindrto precisely calculate the three-dimensional
location (Koshima & Hoshen, 2000). Some areagquepped with server-assisted GPS stations,
or ground-based GPS booster stations that caridntewith mobile GPS units to provide higher-
fidelity geo-location data (Koshima & Hoshen, 2008) further technique known as Enhanced
Signal Strength location is employed by measuriggad propagation in reference to known
terrain and obstructions (Koshima & Hoshen, 2009¥inal location technique is known as
location fingerprinting, which records signal chaeaistics based on known transmission
locations. The parameters of these signals aredhpiled in a database for reference to
received signals to extrapolate location informafidoshima & Hoshen, 2000). These geo-
location methods make up the basis for emergemeyabalarming, acquisition, and location.
The culmination of these technologies materiallytabuted to the first emergency alerting and
notification systems.
A Tragic Push for Change

In 1967, the family of 16-year old Carla Corbis\sued the crash of their small airplane
while on a flight originating from Portland, Oreg@ifrifty-Four," 1967). The grim contents of
her diary tell the fateful story of her 54-day aatlef the crash, injury, and starvation in the
northern California wilderness ("Fifty-Four," 1967pn the 50th day following the crash, she

wrote, "Today is my 16th birthday...I wanted torbecued today" ("Fifty-Four," 1967). The
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diary detailed the last days of her life until drash was located 53 days after her final diary
entry ("Fifty-Four," 1967).

The fatal story of Carla Corbis incited Congresalaction. In 1971, the legislature
directed the Federal Aviation Agency to implemestvrregulations requiring general aviation
aircraft to be equipped with Emergency Locator Smaitters to facilitate post-crash search and
rescue (Levesque, 2010). The effectiveness ohthisregulation was inadequate, however,
because locating a downed aircraft was contingeon wverflying aircraft picking up the
emergency signals (Levesque, 2010). The systemeapdete with flaws in signal detection and
lacked a global monitoring system (Levesque, 201@Yesponse to these inadequacies, the
Search & Rescue Satellite Aided Tracking (SARSAD)gct was born (Levesque, 2010).

The SARSAT program began as a conceptual inveitigtd determine the viability of
using low-orbiting satellites to detect and loaateergency locator transmitters through the
measurement of their Doppler shift (Levesque, 20T0)e Canadian Department of
Communications made significant breakthroughs énRbppler shift signal processing
techniques using OSCAR-6 (Levesque, 2010). The AMOSCAR 6 test bed was composed
of a 16 kilogram, microsatellite with three transgders with data storage and forwarding
capability ("AMSAT," 2012). The Canadian Commurtiioas Research Centre partnered with
U.S. agencies NASA and NOAA to design an operatiptzdform for ELT detection (Levesque,
2010). In 1978, NOAA was also working with Frasddational Center for Space Studies
(CNES) on the ARGOS project, a joint space ventiuae used Doppler tracking techniques for
environmental applications (Lopez & Malarde, 201The compatibility of the two programs
made France an obvious second partner to the SARB#gram (Levesque, 2010).

Russia would become an unlikely fourth partneah®SARSAT program. Following the
success of the Apollo-Soyuz mission, both U.S. 8odet space programs were eager to
continue peaceful space collaboration (LevesquEQ)R0Cooperation was delicate and pursued

as "separate but integrated" project and did nailie the transfer of either funding or
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technology (Levesque, 2010). Realistically, th& t5oviet component of the program was a
collaboration of convenience. The Soviets sawptiogram as a beneficial safeguard for their
global fishing fleet and to bolster national prgstby highlighting their space capability to the
international arena in a humanitarian applicatBarGes & Clapp, 1995). The United States also
benefited from the arrangement. The addition ofi@matellite constellations would enhance
system reliability and reduce ELT detection timauiiBes & Clapp, 1995). A formal
memorandum of understanding was forged betweefotlianember states in late 1979 based on
representation from NASA, the Canadian Departmé@ommunications, CNES [French Space
Agency], and the Soviet Merchant Marine MinistryERIFLOT) (Barnes & Clapp, 1995). The
Soviet program Cosmicheskaya Sistyema Avariyniatio8wr “space system for the search of
vessels in distress” was merged with the U.S. $emmd Rescue Satellite Aided Tracking
program,; the two became jointly known as “COSPASRSAT” (Morris, 2009).

The program was implemented separately with eatbmproviding their own program
funding. For the United States, development aretaimn costs were limited to approximately
$10 million per space vehicle and between $500e0@D$1 million for ground terminals (Barnes
& Clapp, 1995). The US was able keep program implgation costs low by launching
SARSAT space-based components as secondary paytoater launch missions (Barnes &
Clapp, 1995).

On June 30, 1982, the USSR launched COSPAS-1irshef several test bed platforms
for the COSPAS-SARSAT system (Levesque, 2010). fottaitous timing of this launch would
propel the COSPAS-SARSAT system directly into thblig eye and begin a legacy of
humanitarian, life-saving service for thousandawéators and mariners.

Shortly after the launch of COSPAS-1, Canadiam@eand Rescue personnel were
conducting a seven-week search for a lost pil&ritish Columbia (Barnes & Clapp, 1995). The
unsuccessful search effort was terminated, bufather and two passengers continued the search

effort in their own aircraft (Barnes & Clapp, 1993)hile conducting low-level search
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operations in the valleys of the Canadian Rocky Maims on September 9, 1982, Jon
Ziegelheim encountered rapidly rising terrain ara$wnable to climb his Cessna 182 to safety
("Description," 2012). Rescuers were unable temeine the location of the crash, but were
aware of active COSPAS-1 testing being conductetth&yCanadian government (Barnes &
Clapp, 1995). After failing to return from his ser the regional Rescue Coordination Center
requested COSPAS testers to determine if any saté#lta about the aircraft's ELT could be
derived from the COSPAS-1 tests (Barnes & Clapp5)9 At 2AM the next morning, the
COSPAS-1 system detected and pinpointed an ELT &rea in British Columbia, more than 80
km off the planned route of Ziegelheim’s flight pl@'Description,” 2012). After locating the
crash site, rescuers determined the COSPAS systdrihpointed the crash location to within
10 NM (Barnes & Clapp, 1995). Rescuers were dispt to the scene in time to rescue the
seriously injured, three-person crew (Barnes & @Jd®95). “This very early success and
ensuing media coverage was able to convince dautttat satellite detection and location was
valuable in distress situations” (Levesque, 201@)p

Economic Impact of Search & Rescue

The success of the first COSPAS-SARSAT find uncmed the economic benefits of
satellite-aided search and rescue. The Canadsolseonducted by Ziegelheim had run more
than seven weeks at a cost of more than $2 milidth, no success (Barnes & Clapp, 1995).
Conversely, the search for Ziegelheim himself wagmal. Moreover, the timeliness of the
Ziegelheim search resulted in all three injuredvcngembers to survive the crash, despite
traumatic injury (Barnes & Clapp, 1995).

In the United States, cost outlays for searchrasdue services were no better than their
Canadian counterparts. In 1978, the AFRCC recofgd9 aircraft accidents (Toth & Gershkiff,
1979). A 1979 study of the data by ARINC Reseatlelttermined that the costs for dispatching
ground vehicles for a search ranged between $186#d per incident (Toth & Gershkiff, 1979).

If both aircraft and ground crews were used to cehd search, costs increased to $846 (Toth &
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Gershkiff, 1979). If aircrews are unable to loddte ELT, search costs can reach as much as
$1,400 (Toth & Gershkiff, 1979). To put these semty low costs into perspective, by applying
consumer price index inflation, these figures wdudgte to be multiplied by 310% to equate to
2011 costs (Williamson, 2012). Since these stagistere calculated prior to the implementation
of the SARSAT system, one can easily see how thepnegram could actually reduce the
overall costs of search and rescue. Using sateliit narrow the search grid to an area in which

an ELT is emitting can reduce the number of higetconsuccessful missions.

Section 2: COSPAS-SARSAT System Design

The COSPAS-SARSAT system is composed of three satigmeeluding the individual
emergency locator transmitter, a space segment gnound element. The ELTs are installed in
aircraft and maritime vessels or are carried byviddal personnel. Their sole function is to
generate a repeating distress signal for satdkitection. The space segment comprises the space
vehicles and signal detection components aboaomstellation of satellites. The ground
segment includes a global network Local User Teafsithat receive and process satellite data

and transmit usable information to local rescueadioation centers.
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COSPAS-SARSAT System Overview
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Figure 1. Operational overview of the COSPAS-SARSAT Systémage retrieved from NOAA
SARSAT from http://www.sarsat.noaa.gov/sys-diaglhtRrinted with permission.

Emergency Locator Transmitters

Since the beginning of the COSPAS-SARSAT progfagacon transmitter development
advanced along two distinct paths. The first pedis designed to interact with ELT systems
already developed for aircraft location, and used1t21.5 MHz signal set (lvancic, 1988). These
beacons were wrought with problems. Typical 12ty beacons experience high quantities of
false alarms (Ilvancic, 1988). Additionally, profie with 121.5 MHz frequency oscillator
stability and modulation cause frequency shiftimgt timit the accuracy of these systems to a
radius of 20 km (Vrckovnik & Carter,1991).

In addition to 121.5 MHz ELTs, work was also bettane to develop beacon technology
that was more compatible with the satellites théwese thus the 406 MHz beacon set was born
(lvancic, 1988). The frequency of 406 MHz banddoees was specifically designed for satellite

use, resulting in increased signal wavelength ltakion and accuracy over the older 121.5 MHz
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system (licev, 2007). These new ELT models utili2echannels, encompassing 406.022 MHz to
406.076 MHz, in 0.003 MHz increments (CAP, n.d.Aflditionally, 406 MHz transmitters are
equipped with more powerful 5-watt transmitterati@1.5 MHz models, which only output less
than one watt of signal power (U.S. Coast GuardGG§ n.d.). In addition to the digital 406

MHz satellite signal, new beacons also emit a 1®IHz homing signal, which can be detected
by current direction finding systems (Gauthier, 200Moreover, LEOSAR satellites are
equipped to conduct on-board processing and stafadigital 406 MHz signals (licev, 2007).
This capability allows the LEOSAR to transmit 4G&abon data to the LUT without
simultaneously maintaining a footprint over both #LT and LUT (llcev, 2007).

Modern 406 MHz ELT Beacons

ELT accuracy. Emergency Locator Transmitters significantly rdase the area of
possibility for an aircraft search by pinpointinigtdess signal locations. The corresponding
search area provided by an ELT is only limitedtsysignal accuracy. Based on the reported
fidelity areas of ELT transmitters, 121.5 MHz beasproduce location results accurate to within
12 NM, which generates an initial search area @MM? (USCG, n.d.). Advancements in
technology have significantly improved accuracfbfl systems. Newer 406 MHz beacons
produce a much higher location accuracy of 2.0 WM a subsequent search area of 12.5 NM
(USCG, n.d.). By incorporating GPS location data the 406 MHz data burst, location
accuracy can be improved to 0.21 NM, with only B5EONM? search area (USCG, n.d.).

Beacon registration. Unlike 121.5 MHz or 243 MHz beacons which traitsanalog
signals, 406 MHz signals are designed to transigitadl data in addition to the beacon carrier
signal (Vrckovnik & Carter,1991). Each 406 MHz bea emits a unique digital beacon
identification, which is coded into the data bugery 50 seconds (Gauthier, 2009). This coded
signal can be associated with pilot contact infdroma which the pilot provided during the
beacon registration process (Gauthier, 2009). deite set includes the user class type, country

identifier, 48-bit beacon identification code, efthour duration timer (Vrckovnik &
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Carter,1991). Incorporating a unigue identificat@mde into 406 MHz beacons solved the
anonymity problem by providing contact informatimn beacon owners (Gauthier, 2009). By
contacting the respective beacon owner or familynbers, rescuers can validate the nature of
distress signals and quickly disregard false ald@asithier, 2009). Furthermore, these modern
406 MHz ELTs receive nearly complete global coveragcause of the GEOSAR's digital
onboard processing and signal storage capabilitg\(| 2007).

The NOAA-managed National Beacon Registration Bada collects beacon owner
information including: the unique 15-digit beacdenmtification code, owner's hame, mailing
address, phone numbers, associated aircraft chagsticis, home airport, and emergency contact
information (NOAA, n.d.b). As of January 2013, p65,899 406 MHz ELT beacons had been
registered with the NOAA (NOAA, 2013).

Disadvantages of 406 MHz systems. The gradual implementation of 406 MHz ELTs has
led to a few noteworthy limitations. When 406 MBETs were first implemented, only a few
select frequency channels were released for user tBe years, additional channels were
allocated to the 406 MHz ELT band. As a resultne@arly model tracking equipment is not
designed to detect more recent channel additidhe. Becker SAR-DF 517, an airborne direction
finder installed on many Civil Air Patrol aircraftias only designed to detect 406.025 MHz
signals, limiting the device's capability to onkgtect beacons utilizing channel 2 (Civil Air Patrol
[CAP], n.d.b). Operator programming of the dewoelld add additional 406 MHz band
frequencies, however, the device was designeddepadrequency inputs in 0.025 MHz
increments (CAP, n.d.b). As a result, even wittlithahal user programming, the device was
only capable of receiving three additional 406 Mihannels (CAP, n.d.b). To offset this
limitation, the Civil Air Patrol is working to upgde its fleet with more robust RHOTHETA RT-
600 airborne DF units, which are capable of momitpall 19 406 MHz band beacon channels
(CAP, n.d.b).

In addition to the digital satellite signal, the64AMHz brand ELTs are also equipped to
18



transmit a low-power 121.5 MHz homing signal (CARJ.b). Once the digital 406 MHz satellite
signal narrowed down the search area, rescuersiwagel the 121.5 MHz homing signal to
physically locate the crash site. Since 406 MHacbes were expected to provide highly
accurate satellite location information, the 1288z homing signal power was reduced in
comparison to legacy 121.5 MHz ELT beacons (CA&J). Legacy 121.5 MHz ELTs
transmitted a warbled homing signal with 0.1 wattsereas 406 MHz beacons transmit the same
homing signal at only 25% of that power level (CAR].b). Additionally, the transmission
antenna of 406 MHz beacons, which is used for batéallite and homing signals, has been
reduced from 24 inches to 7 inches (CAP, n.d.#)e fleduction in antenna length was
implemented to optimize transmission of the 5 wa@ MHz digital signal, however, this change
simultaneously reduces the effectiveness of the51#IHz homing beacon. The lower homing
signal power coupled with reduction in antennatlemgay limit detection of the 121.5 MHz
transmission to only a few hundred yards (CAP lx).d.

GPS-Aided 406 MHz ELTs. The pinnacle of the ELT line is the GPS-assigd@tl MHz
ELT. This model enjoys the same benefits as tedstrd 406 MHz model with a precision,
integrated GPS receiver (licev, 2007). The chibfamtage of GPS-assisted models lies with the
system's ability to receive GPS coordinates, dlgiencode, and transmit precise location
information into the beacon signal (licev, 200These ELTSs rely on the positioning information
provided by the Global Positioning System to tagcpge geo-location information, thereby
alleviating the need for LEOSARS to fixate usingdpter shift tracking techniques (licev, 2007).
Signhals embedded with geo-location informationiastantaneously transmitted to LUTs in near
real time (llcev, 2007). Finally, GPS-assisted #18z beacons are the only model capable of
providing location data to GEOSAR satellites (lIc2007).
Space Segment

Since the 1970s satellites were added to the @rsétools used to locate distressed

vessels and aircraft (licev, 2007). Under the mespof separate Russian and American
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emergency rescue programs, the modern satellitetrsaad rescue concept was born (licev,
2007). In 1982, the Russian COSPAS and AmericdlRSM satellite constellations were
operationally integrated to form the modern COSFB¥SRSAT search and rescue construct
(llcev, 2007). The combined system used a comioimatf low Earth orbiting (LEOSAR) and
geostationary search and rescue (GEOSAR) satetitdstect, report, and locate emergency
signals from maritime and aeronautical craft (1lc2@07). Each vessel or aircraft was equipped
with a standardized beacon outfitted to transmitdrand 121.5 MHz, 243 MHz, or 406 MHz
channels (licev, 2007). For aircraft, these beaswere designed to operate continuously for a
minimum of 48 hours (Federal Aviation Administratif-FAA], 2012). The satellite constellation
and individual beacons were designed to work ircedrwith ground-based Local User Terminal
(LUT) monitoring stations, Mission Control Centand Rescue Coordination Center, and search
and rescue agencies (licev, 2007).

LEOSAR Systems. Low Earth Orbiting Search and Rescue satellipesate in sun-
synchronous near-polar orbit at an altitude of IR COSPAS-SARSAT, 2009b). LEOSAR
detection components are mounted aboard multi-perpiDAA meteorological satellites
(COSPAS-SARSAT, 2009b). These satellites orbithieabout the poles with a period of 100
minutes (COSPAS-SARSAT, 2009b). LEOSAR satell#wsep the Earth’s surface in a swath
pattern at a rate of 7 km per second and gendrallgrse a ground point’s line of sight in about
15 minutes (COSPAS-SARSAT, 2009b). During the sewf their orbit, the satellites generate
a continuous footprint of more than 4000 km witthieir field of view (COSPAS-SARSAT,

2009bh).

20



Figure 2. LEOSAR Instantaneous Satellite Coverage. Depigsoximate LEOSAR coverage
area for single satellite. Adapted from COSPAS-SAR LEOSAR Satellite Coverage, 2012,
from https://www.cospas-sarsat.org/en/system/detasl/stem-description/leosar-satellite-
visibility-areas. Printed with permission.

While either LEOSAR or GEOSAR satellites may desativation of a 121.5 MHz
signal, only LEOSARs have the ability to locatesbdeacons (licev, 2007). LEOSAR satellites
use the principle of Doppler shift to measure #lative motion of the satellite and emergency
beacon (King, n.d.). The Doppler Effect is basedte principle that “when the source [of a
signal] is receding from an observer, the percefweguency is lower than that of the source”

(Rosen & Gothard, 2010). The opposite effect ce@ren a source is approaching the observer

(Rosen & Gothard, 2010).

Doppler Curve

Freg

Time

Figure 3. Displays Doppler Frequency Shift over time causgdatellite movement past ELT
transmitter. Adapted form "Overview of the COSPB8SRSAT Satellite System for Search and
Rescue", by J.V. King, n.dQnline Journal of Space Communicatidnretrieved from
http://spacejournal.ohio.edu/pdf/king.pdf. Printeith permission.
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The resultant ‘Doppler curve’ of frequency versa®thas an inflection point when the
satellite is at its time of closest approach (T@A)he beacon...The Doppler calculation
generates two possible positions for each beabertrie position and its mirror image
relative to the satellite ground track. This anuiitigin position can be resolved either by
waiting for a second satellite pass or by calcatetithat take into account Earth’s
rotation. On a subsequent satellite pass ano#ieoppositions would be produced, but
only one of those would overlap with the one frdma previous pass, this establishing

which is the true position of the beacon. (Kingl.np. 3)

Figure 4. Depiction shows two possible locations of ELT sigran either side of satellite track.
Adapted form "Overview of the COSPAS-SARSAT Satel$ystem for Search and Rescue", by
J.V. King, n.d.Online Journal of Space Communicatidn retrieved from
http://spacejournal.ohio.edu/pdf/king.pdf. Printeith permission.

GEOSAR Systems. Geostationary Search and Rescue satellites maitag@guatorial
orbit at an altitude of 36,000 km (COSPAS-SARSAT02b). The high orbit of these satellites
provide a large footprint for signals monitoringach GEOSAR is capable of monitoring
approximately one third of the world's central landss from 70° North latitude through 70°

South latitude (COSPAS-SARSAT, 2009b). GEOSARshavinherent signal tracking

capability, they rely on the self-reported positafiihe GPS-aided 406 MHz transmitter (licev,
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2007). For all other ELT models, the GEOSAR istiéd to signal activation reporting only

(llcev, 2007).
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Figure 5 Depiction of worldwide GEOSAR satellite footpsn Adapted from COSPAS-
SARSAT GEOSAR Satellite Coverage, 2013, from hitpsvw.cospas-
sarsat.org/system/detailed-system-description/gemmsaerage. Printed with permission.
Medium Earth Orbiting Search and Rescue (MEOSAR) System. In 1997, a
Canadian proof of concept demonstration revealgdratdges to using medium Earth-orbiting

satellites for search and rescue applications (@Geni2009). MEOSAR systems incorporate

Distress Alerting Satellite System transpondersaed.S. Global Positioning System satellites

(Gauthier, 2009). The GPS constellation is compage24 satellites operating at an altitude of

20,000 km and 55 degree inclinations, aligned akr@rbital configurations, (Gauthier, 2009).

The sheer number of satellites in operation pravidee global coverage, with at least three

systems within line of sight of any point on thelmgg (Gauthier, 2009). Each satellite boasts a

massive 6,000 km footprint, with a spot coveragetion of nearly 7 hours (Gauthier, 2009).
New MEOSAR systems would utilize existing 406 MHZTEbeacon infrastructure (Gauthier,

2009).
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Table 1

Status of SARSAT Satellite Constellation

Payload Spacecraft Launched Spacecraft Launched
SARSAT 7 NOAA 15 May 1998 GOES 12 Jul 2001
SARSAT 8 NOAA 16 Sep 2000 GOES 13 May 2006
SARSAT 9 NOAA 17 Jun 2002 GOES 14 Jun 2009
SARSAT 10 NOAA 18 May 2005 GOES 15 Mar 2010
SARSAT 11 METOP-A Oct 2006 GOES 16 Projected 2015
SARSAT 12 NOAA 19 Feb 2009 GOES 17 Projected 2017
SARSAT 13 METOP-B Sep 2012 INSAT3A Apr 2003
SARSAT 14 Free Flyer 1 Projected 2016 INSAT 3D Projected 2013
COSPAS 13 TBD Projected 2014 MSG-1 Aug 2002
COSPAS 14 TBD Projected 2015 MSG-2 Dec 2005

MSG-3 Jul 2012
MSG-4 Projected 2015
Electro-L1 Jan 2011
Louch 5A December 2011
Electro-L2 Projected 2013

Note: Spacecraft operational status and laundgegtions as of December 15, 2012. Adapted
from "COSPAS-SARSAT System Data", 2012, by COSPARSAT. Retrieved from
http://www.cospas-sarsat.org/images/stories/SystsalCurrent/cs_sd38_dec15_2012.pdf.
Printed with permission.

Ground Element

Local User Terminals. The ground segment is composed of fully automatachanned

Local User Terminals (LUTSs), which maintain comnuation with satellites and receive real-

time distress beacon information (King, n.d.). Bagellites are not able to self process received
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beacon signals and must relay detection data tgrthend Local User Terminals for location
processing (llcev, 2007).

In order to successfully locate a 121.5 MHz emetgdieacon, the LEOSAR satellite
must over fly the beacon for at least four minwtbde simultaneously maintaining line of sight
communications with a ground LUT station. LEOSA#Redlite orbits are configured in such a
way to optimize LUT visibility to minimize distressgnal transmission to less than one hour,
however, this time can increase to several houlseibeacon is outside the satellite and LUT's
footprint area (llcev, 2007). Certain Earth ardasiot receive 121.5 MHz coverage, since some
LEOSAR footprints will never have simultaneous viefAboth the coverage area and LUT (licev,
2007).

Separate local user terminals support both LEOSARGEOSAR satellite systems
(NOAA, n.d.c). Worldwide, there are 57 LEOLUTs a&2@ GEOLUTSs in operation (NOAA,
n.d.c). The United States maintains responsitfdityl2 LEOLUTSs, two GEOLUTS, and one
engineering and testing LUT (NOAA, n.d.c).

Mission Control Centers. Mission Control Centers serve as collection gofat LUT
data and disseminate the information to approp8aterch and Rescue Coordination Centers.
This node provides the initial human interface VBIRRSAT data, since the majority of Local
User Terminals operate autonomously (King, n.tt.)s not uncommon for a distress signal to
activate several satellites and LUTs because afithdespread footprint (COSPAS-SARSAT,
2009b) Mission Control Centers also function tefithese redundant detection alerts. Globally,
there are six Mission Control Centers with regiaeabonsibility (NOAA, n.d.c). The United
States Mission Control Center is located in Sud|aviaryland and is continuously manned by
the National Oceanic and Atmospheric AdministraiN@®AA, n.d.c).

Rescue Coordination Centers. These agencies are the primary customers of SARSAT
system data and facilitate the search and recafatistressed individuals. While not a direct

player in the SARSAT system, their role can notibderstated.
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Section 3: Operational Application

Inland search and rescue

In the contiguous United States, all inland searuthrescue is conducted from the Air
Force Rescue Coordination Center located at Ty#daforce Base in Panama City, Florida
(U.S. Air Force [USAF], 2010). In addition to piding domestic search and rescue services, the
AFRCC also provides international support to bo#xMo and Canada (USAF, 2010). Once
activated, the AFRCC serves as the organizatiqroresble for evaluating search and rescue
requests, coordinating search efforts, and liaigiitly federal, state, and local response agencies
(USAF, 2010). Most commonly, the AFRCC enlistsrskaand rescue assistance from the
Department of Defense, U.S. Coast Guard, or thé SiivPatrol (USAF, 2010). Additionally,
other supporting specialized resources are avaifab a myriad of organizations including the
Federal Aviation Administration, National Park Seey and National Urban Search and Rescue
Response Task Force (National Search and Rescumi@iesn[NSARC], 2011). Other, often
volunteer organizations, provide special skillsriireg, expertise, and professional development
for search and rescue professionals.
Maritime sear ch and rescue

The United States Coast Guard both coordinategx@clites maritime search and rescue
missions (NOAA, n.d.c). Coast Guard Rescue Coatilin Centers are geographically co-
located with the agency's nine District Commanti@ta in Boston, Portsmouth, Miami, New
Orleans, Cleveland, Alameda, Seattle, HonoluluedunSan Juan, and Marinas (NOAA, n.d.c).
Key Organizational Assetsin Search & Rescue

Aviation search and rescue events provide a urjigqigaictional challenge for both
search managers as well as local authorities.r#traccidents can occur in a wide variety of
environments, requiring specialized resourcesdibitiate search and recovery. Due to the

specialized nature of aviation search and resctivtiss, a myriad of multi-jurisdictional
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organizations provide specialized expertise andutegs for search missions.

Department of Defense. The Department of Defense, under the authorithef t
NORTHCOM Commander (CDRUSNORTHCOM), is primarilgpensible for inland search
and rescue activities in the United States (NSARI1,1). To avoid the implications of Posse
Comitatus, the Department of Defense follows sgigtelines contained in DoDD 3025.18,
Defense Support of Civil Authorities and DoDI 3008. DoD Support to Civil Search and
Rescue (NSARC, 2011). The Department of Deferse@lovides access to specialized search
and rescue assets, based on unique mission reguitenil he organization sports a variety of
helicopters, fixed wing aircraft, boats, amphibieesicles, K9 search teams, and manpower
support (NSARC, 2011). While the Department ofddsk maintains a wide variety of
specialized search and rescue assets, the organizathief duties involve the coordination of
search and rescue activities and specialized asdaly®ugh the operation of the Air Force
Rescue Coordination Center and 84th Radar Evatu&timadron.

While its primary duty involves the evaluation aymtimization of long-range detection
systems, the 84th Radar Evaluation Squadron (RARISS)provides radar forensic support for
search and rescue missions (USAF, 2013). The mation provides "post event sensor data
recovery and investigation for aerial mishaps" (FS2013). Although primarily located at Hill
AFB, Utah, the organization maintains an embedigsin staff within the U.S. Air Defense
Sectors (USAF, 2013).

U.S. Coast Guard. While the United States Coast Guard is typicallyipped to
prosecute maritime search and rescue missiorispipassesses several resources capable of
supporting inland search operations. The Coastd3maintains two varieties of fixed wing air
assets, including the long-range HC-130 and medamge HC-25 (NSARC, 2011). The Coast
Guard also sports a robust fleet of all-weathagryowing assets, including the HH-60 and
HH/MH-65 (NSARC, 2011). Helicopters are outfitteith rafts, Datum Marker Buoy insertion,

hoisting and sling rigs (NSARC, 2011). Additioryalthese assets are equipped with
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sophisticated forward-looking infrared (FLIR) serssas well as multi-band communications
covering VHF (AM & FM), UHF, HF, and SATCOM (NSARQ011).

In addition to air assets, the Coast Guard isuetigequipped to perform search
operations in inland waterways, lakes, and tribesar The Coast Guard operates several
variations of light vessels including high-enduraatters, medium-endurance cutters, patrol
boats, buoy tenders, icebreakers, and harbor ttgfSARC, 2011). A myriad of other special
purpose light craft are also available in selegiams.

Assistance in waterborne rescue is also supporteglect missions by members of the
volunteer Coast Guard Auxiliary (NSARC, 2011). €sa with maintaining the safety and
security of persons, ports, waterways, and thetabagjions, the Coast Guard Auxiliary is tasked
with search and rescue activities only with offi¢asking from the local Rescue Coordination
Center (NSARC, 2011).

Civil Air Patrol. The Civil Air Patrol (CAP) is a volunteer searctdasscue
organization composed of aviation-minded civiliamdjtary reservists, and active duty personnel
(NSARC, 2000). Using a combination of private aodporately-owned aircraft, the
organization conducts a majority of the nationlard search and rescue operations (NSARC,
2000). As of 2011, more than 90% of inland searuthrescue missions were tasked to the Civil
Air Patrol (CAP, 2011). The organization is madeofipnore than 61,000 volunteers, including
7,500 aircrew personnel, 3,500 ground search peetoand 31,000 emergency responders
(CAP, 2011). The Civil Air Patrol is organized mgia military structure and subdivided into
geographical wings, by state (CAP, 2011). The mizgdion conducts operations in all 50 states
and Puerto Rico (CAP, 2011).

The Civil Air Patrol boasts a myriad of search amscue assets. The organization
maintains a fleet of more than 550 aircraft inchgd?201 Cessna 172s, 286 Cessna 182s, 20
Cessna 206s, and 16 Gippsland GA-8s (CAP, 201ah Bircraft is outfitted with Direction

Finding equipment capable of receiving 121.5 MH3 BMHz emergency distress beacons; most
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aircraft are also capable of receiving 406 MHz beagignals (CAP, 2010). Of the fleet, 122
aircraft are also outfitted with the Advanced Dagjiimagery System (ADIS), which allows
airborne transmission of digital imagery to groaggncies (CAP, 2010). The ADIS system is
capable of transmitting a 150 kb image in about twoutes and automatically flags digital
photos with time and location information (CAP, PD1 GA-8 aircraft are equipped with the
Airborne Real-Time Cueing Hyperspectral EnhancecbReaissance System, which uses
reflective light signatures to identify ground tetg (CAP, 2010).

In addition to aircraft, the organization maingamfleet of more than 900 vehicles made
up of mid-size and large vans, 4X4s, and pickupks(CAP, 2010). The organization also
manages a robust radio network made up of 23,068, Imaobile, and portable two-way radios
(CAP, 2010). This network is supported by 500dixéHF-FM repeater sites, as well as 133
mobile radio repeater devices which can be integratto ground or airborne platforms (CAP,
2010). Finally, the organization maintains morantii,600 vehicular, airborne, and mobile
direction finding units for emergency beacon lawat{CAP, 2010).

Federal Aviation Administration. The Federal Aviation Administration is often the
first line of notification in aviation search angbcue events. In its role in providing air traffic
control services, the organization provides critizaifications to Rescue Coordination Centers,
alerting rescuers to aircraft emergencies or overldicraft (NSARC, 2011). Additionally, air
traffic control facilities are equipped to moniemergency frequencies (NSARC, 2011).

The Federal Aviation Administration also provideduable flight-following services to
national airspace system users. FAA radar fagdligrovide flight following for all aircraft
operating under Instrument Flight Rules (IFR) andequest for aircraft flying under Visual
Flight Rules, as workload permits (NSARC, 2011heFAA collects flight plan information
from pilots, which includes aircraft descriptivéarmation, aircraft capabilities and equipment,

range, anticipated route of flight, duration o§fit, and emergency contact information.
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National Park Service/U.S. Forest Service. The National Park Service is responsible
for managing emergencies that arise in the nat@9fsdesignated national parks (NSARC,
2011). Encompassing a cumulative area of more&damillion square acres, the National Park
Service certifies its rangers in search and respeeations in a variety of conditions including
mountainous terrain, swiftwater rescue, and wildssirescue (NSARC, 2011). While not
specifically designated as a search and rescug,aht Department of Agriculture's U.S. Forest
Service provides assistance to emergency respoaperating in designated national forests and
grasslands (NSARC, 2011).

National Urban Search & Rescue Response Task Force. The National Urban Search
and Rescue task force operates under the coomhnaftithe Federal Emergency Management
Agency and under the authority of the Departmemiaiheland Security (NSARC, 2011).
Organized under the National Response Framewasikpport of Emergency Support Function
#9, the task force is made up of local search asdue authorities, incident support teams, and
technical specialists (NSARC, 2011). Teams arféestdrom various governmental federal,
state, and local emergency organizations as wetigate sector entities (NSARC, 2011).

Customs & Border Protection/U.S. Immigration & Customs Enforcement. The
Customs and Border Protection division under thpabenent of Homeland Security trains
border agents in physical fitness, medical treatpenhnical rescue, navigation, communication,
swiftwater rescue, and air operations tasks (NSARX1). While typically used in support of
distressed border agents and migrants, these BBedmsl Search, Trauma, and Rescue
(BORSTAR) teams are trained in remote search aswliesskills in varying terrain and climates
(NSARC, 21011). Similarly the U.S. Immigration a@dstoms Enforcement branch of the
Department of Homeland Security are equipped watin fixed and rotary wing assets that can
be used in search and rescue operations (NSARQ@).201

Jurisdictional Agencies. Several of the aforementioned organizations maintaisons

with international search and rescue organizatidrge Department of State designates official
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representatives of national search and rescue iaegemms to represent the United States' interest
in the international arena (NSARC, 2011). In addito coordinating international
representation, the Department of State coordinat8sinvolvement in international search and
rescue activities (NSARC, 2011). Moreover, theatipent also oversees international treaties
and agreements related to search and rescueiastfiNiSARC, 2011).

Because of the unique independent status, thegmeat must also liaise search and
rescue activities with more than 560 Federally-geczed tribal governments (NSARC, 2011).
Search and rescue activities occurring within thefioes of tribal lands are coordinated with
local tribal governments with the assistance ofBbeeau of Indian Affairs (NSARC, 2011).

Technical Supporting Agencies. Two agencies provide technical oversight andassh
support for search and rescue. The Federal Conwatiztis Commission (FCC) regulates
communication frequencies allocated to distressdrenand equipment (NSARC, 2011).
Additionally, the FCC investigates violations of @mency alerting systems, repeat false alarms
and hoaxes (NSARC, 2011). The Commission is aisigpeed to aid in signal direction finding,
if requested (NSARC, 2011).

The National Aeronautics and Space Administratimvides both technical assistance
and research and development support for searcreande systems (NSARC, 2011). NASA
facilitates experimental testing of emerging seauutt rescue technologies (NSARC, 2011).

Search & Rescue Education & Training Organizations. While not direct contributors
to the search and rescue process, professionahsa@aal rescue training organizations play a vital
role in preparing rescuers for a wide variety afigierous rescue scenarios. The most notable
organizations include the National Search and ReSaohool, the National Association for
Search and Rescue, Mountain Rescue AssociatioigrighCave Rescue Commission, National
Ski Patrol, and National Voluntary Organizationgie in Disaster (NSARC, 2011). The
National Search and Rescue school located at MerktWirginia is a joint Air Force and Coast

Guard training school which educates SAR stakehsliesearch planning techniques (NSARC,
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2011). The National Association for Search andcReperforms basic search management
classes and includes specialized training in saaebry relevant to first responders (NSARC,
2011). Like its namesake, the Mountain Rescue éaton provides specialized expertise and
training in mountain recovery events (NSARC, 2013)milarly, the National Cave Rescue
Commission provides training and expertise in suatean rescue (NSARC, 2011). The
National Ski Patrol provides specific education &mathing in outdoor emergency care, safety,
and transportation in snow-laden environments (NSAPO11). Finally, the National Voluntary
Organizations Active in Disaster is a multi-facetedanization which provides a forum for
knowledge-sharing and disaster resources (NSARCI])20A vast majority of these specialized
search and rescue organizations are composedufiteel professionals.
An Imperfect System

While the initial SARSAT system was hailed as acess in locating distressed aviators
and mariners, it was not without its flaws. Ondh&f most troublesome challenges encountered
by SARSAT personnel were the excessively high nurob&lse ELT activations. Toth and
Gershkoff (1979) reported the inadvertent activatate of ELTs to be 95%. A subsequent study
by Trudell and Dreibelbis (1990) revealed up to 9PELT activations were non-distress
events. It is difficult to verify the status of antivated 121.5 MHz beacon. Due to the large
number of false 121.5 MHz activations, it has bee@tandard practice for US search and rescue
agencies to wait until a signal can be verifiecshgcessive satellite passes before committing
search and rescue forces (FAA, 2012). The Unitate$ Mission Control Center reportedly
received between 250-400 121.5 MHz beacon sigrdl day, of which 99.9% are false (USCG,
n.d.). Inadvertent activation of these ELTs cacuodrom hard landings, aerobatic maneuvers,
ground movement, and certain maintenance procediefes, 2012).

Theincreasing cost of false alarms. Trudell and Dreibelbis (1990) discovered the
majority of false ELT activations occurred at aitjgaand transmitted for nearly three hours.

Since only 45% of these inadvertent activationsioed at towered airports, significant
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resources were expended to silence the false al@mmdell & Dreibelbis, 1990). The anonymity

of 121.5 MHz analog beacons presented a signifidaatenge to search and rescue managers, as
each beacon signal had to be prosecuted as if@ areactual distress event, until proven
otherwise.

Silencing false alarms is an expensive endeaVbe base rate for silencing an ELT false
alarm without dispatching resources is estimatdabt$74, based on 1979 rates (Toth &
Gershkiff, 1979). If local personnel cannot bectesd to deactivate an alarm, the cost climbs to
$139 (Toth & Gershkiff, 1979). If the precise Itioa of the ELT is unknown additional search
measures may be required. Dispatching ground coewascrews to positively locate activated
ELTs comes at a much more substantial cost. Essrsiggest ground crews cost $414 to
silence ELT signals, whereas if aircrews are reqljithe cost skyrockets to $1,128 (Toth &
Gershkiff, 1979). In most cases, search and resmves were dispatched to silence these alarms
at a staggering cost estimated at more than $®méinnually (Trudell and Dreibelbis (1990).
Translated, these costs must be multiplied by 3i®&guate to 2011 rates (Williamson, 2012).

Cessation of SARSAT 121.5MHz ELT monitoring. As a result of the crippling
number of false ELT beacons detected by the COSPABSAT system, the organization
directed the complete cessation of 121.5MHz moimigoon February 1, 2009 (COSPAS-
SARSAT, 2009a). The goal of the phase out plantevagiicken industry-wide acceptance and
acquisition of new 406 MHz beacons (COSPAS-SARS2009a). It was estimated that
globally, more than 600,000 121.5 beacons wouldireqeplacement with 406 MHz-compatible
systems (COSPAS-SARSAT, 2009a).

COSPAS-SARSAT acknowledged that many users fiddroll21.5 MHz beacons
attractive because of their exceptionally low ¢@DSPAS-SARSAT, 2009a). While 406 MHz
beacons are more capable, their cost is markedhehithan older model beacons (COSPAS-
SARSAT, 2009a). The NOAA estimated that older 32Hz beacons ranged in price from

$600 to $1,200 (NOAA, n.d.a). Conversely, new ¥z ELTs command a substantial
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premium, ranging in cost from $585 to as much g8%% with a median price of nearly $2,000
(Novacek, 2010).

Without satellite monitoring of 121.5 MHz beacoasiation search and rescue agencies
were forced to prosecute ELTs in the same manniregsre-SARSAT period, more than 30
years before. Since the COSPAS-SARSAT organizat@s resolute in its cessation of 121.5
MHz monitoring, there was a strong regulatory inugdb quickly transition the industry to 406
MHz technology as expeditiously as possible.

The Federal Communications Commission has attehgwtdwo occasions to mandate
the transition to 406 MHz beacons by floating a@g®bf proposed rulemaking to ban the use of
older 121.5 MHz beacon transmitters. In Januad$12the FCC desisted from implementing a
June 15th regulatory change banning the "certiboatmanufacture, importation, sale or use of
121.5 MHz emergency locator transmitters” (Airckafners and Pilots Association [AOPA],
2011, para. 1). The Airplane Owners and Pilotogisdion (AOPA) immediately responded to
the proposed rulemaking action with objectionsngithat 121.5 MHz transmitters were not
obsolete and that a replacement proposal woulchpeactical (AOPA, 2011). The Federal
Aviation Administration backed up the AOPA objedtjeiting concerns that the limited
availability of 406 MHz ELTs was not sufficient teplace older ELTs in short order (AOPA,
2011). The FAA further commented, "Given that n@snheration Aviation Aircraft are required
to carry ELTSs, a prohibition on 121.5 MHz ELTs wawdffectively ground most such aircraft"
(AOPA, 2011, para. 5). The FAA added that whileeliZe monitoring was no longer provided
for 121.5 MHz ELTs, the frequency was still mon&dy search and rescue assets, including the
Civil Air Patrol (AOPA, 2011). The agency also exgsed concern over the cost of equipping
aircraft with new beacons (AOPA, 2011). By FAAiesttes, the cost of transitioning the
nation's more than 200,000 general aviation aircaild top $500 million (Brown, 2013).

On January 26, 2013, the Federal Communicatiomsn@ssion published comments

from recognized general and commercial aviatioreexdike Akatiff, regarding his observations
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on FCC Docket 01-289--the FCC's initial renditidritee 121.5 MHz ELT ban (Akatiff, 2013a).

Mr. Akatiff, who also serves as President of ACKclieologies company, was asked to
participate in a General Aviation Search and Re3aahnical Issues Panel along with
representatives from ELT manufacturers, Federali@onications Commission, Federal

Aviation Administration, Air Force, Coast Guard, tid@mal Oceanic and Atmospheric
Administration, and Civil Air Patrol (Akatiff, 20%8. Akatiff observed that the consensus among
regulators, manufacturers, and search and resq@egtexvas nearly unanimous in their support
for a mandated 406 MHz beacon transition (Aka#iffLl3a). He further observed that the AOPA
was the sole dissenting voice, citing emergingnetdgies would offset the need for 406 MHz
ELTs (Akatiff, 2013a).

A subsequent evaluation of emerging technologiesaled substantial limitations in any
singular technology (Akatiff, 2013a). The commnetvaluated cellular phone tracking
technology, Spider Tracks, Spot, and ADS-B techgieas potentially viable options to replace
emergency locator transmitters (Akatiff, 2013akll@ar phone tracking did not provide
widespread, nation-wide coverage (Akatiff, 2013&atellite-based Spot and Spider systems
could only pinpoint an aircraft's last known locationly up to six minutes prior to its loss
(Akatiff, 2013a). ADS-B was reported by the FAAhave low altitude limitations in select areas
of the United States (Akatiff, 2013a). With thekaf stakeholder support and strong objections
from pilot groups, the Federal Communications Cossion ultimately scrapped the original
121.5 MHz ELT ban.

On January 30, 2013, the Federal Communicatiomsn@ission tried again to institute a
modified ban on 121.5 MHz ELTs, in the proposat thauld have prohibited the manufacture
and sale of older generation ELTs (Brown, 2013hiléthe AOPA has maintained a strong
advocacy against the proposal, the Federal Avigkaministration, National Air Transportation
Association, General Aviation Manufacturers Asstioig and the Experimental Aircraft

Association requested extension of the rulemakorgroent period to solicit further feedback
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from industry stakeholders (Brown, 2013).

On April 25, 2013, the Federal Communications Cassian released summary
documentation outlining the key concerns of stalagrs collected during the proposed
rulemaking comment period. Many individuals expessconcern that the decision to equip
aircraft with ELTs should be discretionary by thiets, and not mandated by regulation (Akatiff,
2013b). Moreover, others cited the cost to thatai community was too high, often quoting
the FAA's original $500 million estimate (Akati#013b). Still other commentators alluded that
406 MHz technology is only marginally or negligitigtter than 121.5 MHz legacy systems
(Akatiff, 2013b). Many comments also criticize@ ttole of the Federal Communications
Commission in attempting to implement what was tlpaeen as aviation policy and under the
Federal Aviation Administration's jurisdiction (Atkih, 2013b). Finally, several comments
suggested that new ADS-B technology would eventuaitigate the need for carrying
emergency locator transmitter beacons (Akatiff, &)1 Mike Akatiff responded to several of
the public comments, alluding that the AOPA wasading against the change with a campaign
of misinformation (Akatiff, 2013b). The AOPA, meahile, seems content to use whatever
weapons are in their arsenal to defeat the regulatin 2013, the AOPA approached U.S.
Senator Pat Roberts (R-KS), to solicit politicaknvention with the FCC (Namowitz, 2013). The
AOPA has since gained the support of U.S. SenMies Johanns (R-NE), James Inholfe (R-
OK), Jerry Morgan (R-KS), and Lisa Murkowski (R-AK) dissuading the FCC from
implementing the 121.5 MHz prohibition proposal (Mawitz, 2013). The mandatory transition

to 406 MHz ELTs yet hangs in the balance, lodgeadéen pilot groups, politics, and money.

Section 4: Radar Forensic Analysis

The art of search and rescue relies heavily uperusion of various sources of
information. By analyzing radar information fronuhiple air traffic control and joint-use radar

sites, search and rescue coordinators gain a pavegl¥antage in honing their search efforts.
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Radar forensics can be used to determine the ¢ocatiwhich radar contact on an aircraft was
lost (NSARC, 2011). A national database of radésrimation fused from Air Route Traffic
Control Centers and Terminal Radar Approach Cofitagilities is captured in the National
Track Analysis Program (NSARC, 2011). The datalmaamtains a 15-day record of radar track
plots that can aid search managers in locating ddvaircraft based on positional and radar
termination data (NSARC, 2011). Additional radafiormation can be obtained from military
sources, such as the United States Air Defens@SNSARC, 2011). The U.S. Air Defense
Sectors provide a unique capability to search mansagince they often utilize radar sites not
available to the Federal Aviation AdministrationJARC, 2011). The 84th Radar Evaluation
Squadron (RADES) is a further resource availabkeetrch and rescue managers. The 84th
RADES provides technical expertise in the investigaand fusion of radar data through an
Event Analysis process (NSARC, 2011). During ndmiditary duty hours, the 84 RADES
handles radar analysis duties. After duty houssydver, a group of trained, volunteer
professionals from the Civil Air Patrol take over.

John Henderson, an expert radar analyst who watksthe Civil Air Patrol search and
rescue forensics team, described the process hfativey radar data. "To effectively use radar
data, the team must know the exact day and tintleeofarget aircraft's departure and its route of
flight" (J. Henderson, personal communication, Ap#, 2013). Henderson goes on to explain
how the Western Air Defense Sector records allirddéga for more than 300 radar sites across
the nation (J. Henderson, personal communicatipni] 22, 2013). Analysts also recruit radar
sites not participating in the WADS recording netivto provide data to aid in forensic searches,
when available (Radar Forensics Expert [name redaadt contributor's request], personal
communication, April 23, 2013). Once analysts tedhae aircraft in the radar dataset, they can
effectively plot its course (J. Henderson, persa@oahmunication, April 22, 2013). Analysts
record significant changes in the aircraft's statush as transponder code changes, altitude

changes, or loss of primary or secondary radarnmdition (J. Henderson, personal
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communication, April 22, 2013). Analysts rely moly on what is visually seen on the radar
data, but also what is unseen (J. Henderson, pgreommunication, April 22, 2013). By
evaluating the local terrain, analysts can acclyratap radar coverage in a geographical region,
which can predict areas of limited radar coveragkaeas where an aircraft should be seen by
radar (J. Henderson, personal communication, Z2il2013). By comparing the target aircraft's
altitude and route of flight against radar coveragerlays, analysts can confine a search area (J.
Henderson, personal communication, April 22, 2018pt detecting an aircraft where it is
expected to be and in an area where radar covergged is a search indicator" (J. Henderson,
personal communication, April 22, 2013). Henderasserts that analysts attempt to assess
where and why a track stopped along its routeiglifl(J. Henderson, personal communication,
April 22, 2013). Another analyst explained thatamanalysis involves searching for
uncharacteristic pilot behaviors and trying to igfgrwhy they are occurring (Radar Forensics
Expert, personal communication, April 23, 2013urtker information is derived from NEXRAD
weather reports and terrain data, which can bdaideagainst an aircraft's radar information (J.
Henderson, personal communication, April 22, 2013¢nderson explains that radar analysis
techniques can effectively reduce the size of echearea from a radius of more than 500 NM to
only 30-50 NM (J. Henderson, personal communicatigril 22, 2013).

The analysis team uses a proprietary programenrliyy one of the team's own members
to forensically analyze search data (J. Hendeqsersonal communication, April 22, 2013).
Dubbed "Tactical Mapping", the program fuses radaather, terrain, aircraft characteristics and
other search information to assess multiple fadf€fiescting a particular flight (J. Henderson,
personal communication, April 22, 2013). Analysgort radar analysis findings to the AFRCC
using open source products such as Google Earétyes) or video (J. Henderson, personal
communication, April 22, 2013).

The radar forensics process has evolved over tiitle the Federal Aviation

Administration, 84th RADES, and Civil Air Patrolagsts all using various versions of the
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Tactical Mapping software (Radar Forensics Exgntsonal communication, April 23, 2013).
The software features global capability with séttyle overhead maps similar to Google Earth
(Radar Forensics Expert, personal communicationi] 28, 2013). Other maps such as airspace
charts or search grids are also available for aygfRadar Forensics Expert, personal
communication, April 23, 2013).

Tactical Mapping supports nearly all formats afaadata including Common Digitizer
(CD), En-route Automation Modernization (ERAM), Bteard Terminal Automation
Replacement System (STARS), REHOST, Online Radaoikang Edit (ORRE), En-route
Automated Radar Tracking System (EARTS), Micropssoe EARTS, National Track Analysis
Program (NTAP), RS3, RS4, Fleet Area Control & ®illance Facility (FACSFAC), and
Common Separated Value Types (Radar Forensics Exgesonal communication, April 23,
2013). The Tactical Mapping format decoder allbe program to interpret radar data from the
Federal Aviation Administration, Air Force, Navyndaeven Canadian radar facilities (Radar
Forensics Expert, personal communication, AprilZtg,3).

The most unique feature of the software liesdraliility to overlay multiple data layers,
which contribute to the data fusion process. Tleselays can be animated to visually show
layer movement, such as radar data or weathemnafiton (Radar Forensics Expert, personal
communication, April 23, 2013). The program alladeta filtering based on multiple flight
parameters including altitude, aircraft transporatete and other flight parameters (Radar
Forensics Expert, personal communication, AprilZtB.3). This filtering capability is vital, as
recorded radar data may include several milliomraargets in only a few hours of recorded
radar data. The newest version of the softwareifes radar data interleaving, allowing analysts
to seamlessly fuse information from multiple raganrces from varying time periods (Radar
Forensics Expert, personal communication, AprilZt8,3). The software also supports audio
integration, allowing analysts to fuse air traffientrol communications with radar data (Radar

Forensics Expert, personal communication, AprilZB.3). Radar, audio, and weather data can
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be animated using a simple time-scale progressionaith a similar interface to modern

computer media players (Radar Forensics Expersppaf communication, April 23, 2013).

Section 5: Cellular Phone Forensic Analysis

In the modern world, a staggering number of irdligls carry cellular phones. A report
by CNET, cited that globally, more than five biliindividuals subscribed to cellular phone
service in 2010 (Whitney, 2010). Search and restaigagers have capitalized on this
development by exploiting the personal cellularmhas another tool to locate distressed aircrew.
The most obvious rescue method of cell phones wagoself-directed alerting and recovery from
the victim. If search managers have access tuithien's cellular telephone number, a myriad of
other search tools become available. Cellulaierarcan provide a range of services that can
trace a cell phone's location or tower procesdiegctll (NSARC, 2011).

Legal & Regulatory Considerations

The use of cellular phone triangulation and tragkiemains a controversial subject, as
many individuals are concerned about privacy-relésues.

Several statutes govern how cellular phone comeatioins, and more specifically
"location rights" may be used by governmental adties. These laws are essentially divided
into two basic categories which outline the pratexs of individuals from unlawful law
enforcement monitoring, and the authority of laioecement to conduct monitoring.

Foremost, the Forth Amendment of the Constituisooften cited as the basis for
protecting location rights (Lee, 2003). The Fdkthendment guarantees citizens the "right to be
secure in their persons, houses, papers, andstgatnst unreasonable searches and seizures"
(Lee, 2003). To date, no cases have used thisskefyainst location rights, however, it has
been used to argue against law enforcement mamgteffforts, with the preponderance of rulings
favoring of the government (Lee, 2003).

A sizable amount of case law also applies to #eeaf forensic cellular phone
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communications. The 1967 case of Katz v. UnitedeStis often attributed to cellular phone
communications. In the Katz case, the FBI was daarhave violated the Forth Amendment by
recording telephonic conversations without a war(aee, 2003). Conversely, while the
physical conversations are considered sacrosai@rth Amendment protection, other aspects of
phone calls are not. In another 1979 case of Smitharyland, the court ruled that devices used
to record dialed phone numbers, known as "pentexgisr trap & trace devices" are not
protected communications, because they were vallynpeovided to the phone company (Lee,
2003). In United States v. Knotts, police use@eper to track suspects across state lines (Lee,
2003). Knotts argued that a warrant was not sjgedlif sought to use the tracking beeper, but
was overruled because the beeper was used alohtic'ptreets and highways" and Knotts had
no expectation to privacy while in the public arébee, 2003). Similarly, in United States v.
Skinner, the Sixth Circuit Court affirmed the leigabf the government's use of cellular phone
"pinging" of a suspect's phone ("Criminal”, 2013e court cited that "certainly police can track
the signal” given off by emitting devices ("Crimih&013, p. 804).

U.S. statutory laws also provide general guiddocéracking wireless phone
communications. The Electronic Communications d&wvAct of 1986 expands wireline
protections to cellular phones, however, speciffaakcludes "tracking device communications"
under Section 2510(Part 12)(Sub C) (Lee, 2003 Rétriot Act of 2001 extended surveillance
authority over pen registers to internet commuiocet, however, did not address wireless
location information (Lee, 2003). Perhaps mostiegple is the Department of Justice's legal
interpretation of mandating E911 location inforroatfor E911 calls. The Justice Department
cited that a user accessing the 911 system haistbg of their action, given implied consent to
the government to disclose location informationgL2003). This is further supported by the
mandates of the Wireless Communications Act of 1988ch mandates wireless carriers to
furnish 911 centers with high fidelity location émimation of callers (Lee, 2003). As a result

E911 location information is not in violation ofetticlectronic Communications Privacy Act of
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Forth Amendment (Lee, 2003). The 1994 Communioatiéssistance for Law Enforcement Act
provides further regulation for cell phone trackiby mandating carrier assistance to enable
governmental interception of "all carried commutimas"”, but stops short of giving carpe
blanche authority to tracking electronic deviceeg] 2003). The law specifically excludes
carriers from providing the physical location oéttaller (Lee, 2003). The Federal
Communications Commission's interpretation of kg, however, still allows law enforcement
agencies to acquire the location cellular phonestavged during the call (Lee, 2003).

Much of the applicable laws leave search and eesses of cellular phone tracking in a
legal gray area. Most laws were specifically weritto protect the rights and privacy of
individual cell phone users from having their cityphones indiscriminately tracked by law
enforcement agencies. The underlying challengkeiarmining applicable laws to for cellular
phone location information lies in the interpratatof how they are used; as a telephone, pen
register, beeper, or internet device. With thetifuwictional capability of many modern cellular
handsets, much of this interpretation is still fiwgith ambiguity.

Exigent circumstances. In the event of an aircraft crash, however, manthete
considerations are subordinated behind the assomibtat a lost or distressed aviator would
want to be found. The use of cellular phone fareimgormation for search and rescue falls
under the legal realm of a concept dubbed "Exi@@rumstances”. Exigent Circumstances refer
to emergencies of such a serious nature thattifigss"warrantless, nonconsensual and forcible
entry" into private property (Hutchins, 2010, p. Legally, exigent circumstances are defined as
a "specifically pressing or urgent law enforcemesrd" coupled with a "compelling need for
official action” (Hutchins, 2010, p. 2). To detenm exigency, courts usually test the
circumstances against four established criteriludhicg: imminent threat to life, imminent and
serious threat to property, imminent escape ofspestt, or imminent destruction of evidence
(Hutchins, 2010). In all cases, the measure agfandy includes a time-sensitive component that

precludes the ability to obtain a warrant (HutchR2®10). Search and rescue incidents typically
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apply the imminent threat to life test as justifioa for exigency. Indicators such as activatién o
an emergency distress beacon or communicatiorra@aftiemergency may be used to make such
an exigency justification. In the same mannes tést allows police to make forcible entry into a
burning home (Hutchins, 2010). When a searchrigsechout for an individual whose status is
unknown, rescuers apply another exigency crit&nawn as "check the welfare" calls, in which

a person is reported to be missing or in possiafeydr (Hutchins, 2010). One example of this
application of the law occurred in the 1987 casBeadple v. Macioce in which the victims has
reportedly missed a church meeting and subsequoettrts appointment (Hutchins, 2010).

Other indicators such as accumulating mail andatile of response to visitors for several days
warranted an exigent response from police (Hutcl#6&0).

Federal law contained in 18 USC Sec 2702(b)(8jpstip the exigency exemption to the
Forth Amendment and allows cellular carriers tcesdcellular phone communications data to a
governmental agency if "an emergency exists thathres the danger of death or serious injury”
(USCG, 2013, p. 2-37). While the law permits disdlre, it does not mandate carrier
compliance, which can potentially complicate the akthis search and rescue tool (USCG,
2013, p. 2-37).

Kelsey Smith Act. Cellular phone forensic information has been usedaveral
occasions for search and rescue purposes. In 20@@ple Valley woman had crashed her SUV
into a ravine in along Washington state's route ({&9raylor, 2007). Injured and trapped within
the vehicle for more than seven days, police obthasearch warrant to acquire cellular phone
records. While the phone did not respond to thBer& ping request, due to a dead battery, the
phone's forensic records revealed the tower usprbtess the last call placed on the phone (C.
Taylor, 2007). After confining the search areaxpr@te to the receiving cellular phone tower,
the woman was located shortly thereafter (C. Tay007).

In another 2007 circumstance, police used celhif@ne forensics to locate a missing 18-

year old Minnesota girl (Simmons, 2010). In thigemstance, the cellular phone company
43



initially resisted providing location data, howeyMeter relented three days later (Simmons,
2010). The girl was located within 45 minutestad tarrier's decision reversal, however, was
found deceased, the victim of an apparent kidnapf®mmons, 2010).

Obtaining cellular phone records has remainedalesige for law enforcement agencies.
There is no clear benchmark, outside of obtainimgaant, that mandates cellular phone carriers
to release records under exigent circumstancesewAlaw gaining momentum in several states
seeks to change that status quo. Several stateshacted laws to expedite the release of
cellular phone location forensics without a warrg@immons, 2010). Known simply as the
Kelsey Smith Act, the state statute mandates eelptone carriers to provide location
information to requesting law enforcement agentiesrder to respond to a situation that
involves the risk of death or serious physical Haflidelsey", n.d.). Moreover, the statute
provides legal protection for carriers who "acgood faith” of the provision ("Kelsey", n.d.). As
of January 2013, various renditions of the law haeen passed in eight states, including: Kansas,
Nebraska, Minnesota, New Hampshire, North Dakotangssee, Hawaii, and Missouri
("Kelsey", n.d.).

Regulationsfor carriage of cellular phones aboard aircraft. The carriage and use of
cellular phones aboard aircraft are governed bylagigns from two agencies; the Federal
Aviation Administration and the Federal Communica Commission. The Federal Aviation
Administration Advisory Circular 91-21.1B outlindmiitations to the use of certain personal
electronic devices in flight (FAA, 2006). The lm&r this regulation was established in 1961 to
prevent electronic devices from interfering with Rased navigation systems (FAA, 2006).
Federal Regulation 14 CFR parts 91.21 states n@aboard a U.S. registered air carrier may
operate personal electronic devices (FAA, 2008)is Tule also extends to any other aircraft
"while it is operated under IFR" (FAA, n.d.). Thegulation provides several exclusions,
permitting the use of portable voice recordersrihgaids, heart pacemakers, and electric

shavers (FAA, 2006). Most importantly, 14 CFR 918)(5) permits the aircraft operator to
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make exemptions to the prohibition, by determirtimgf the portable electronic device will not
cause interference with the aircraft's navigation@mnmunications systems (FAA, n.d.). This
regulation also applies to pilots flying under pB2t, 125, and 135 operations (FAA, 2006).
Advisory Circular 91-21B specifically recommendslipibiting the operation of transmitting
devices, including cellular phones, as well agi@stg the operation of other personal electronic
devices during critical phases of flight at lesst10,000 feet (FAA, 2006).

The Federal Communications Commission directhhimits the airborne operation of
cellular phones ("Electronic”, 2013). The ban wpscifically enacted to prevent the airborne
operation of 800 MHz-band cellular devices (FC@,)n. This restriction is not found in 47 CFR
part 24, which regulates higher frequency banditzgliphone communications, thus the ban is
not all inclusive ("Cell Phone", n.d.). While maogllular phones are capable of operating in
multiple frequency bands, it is not currently pbssito isolate the 800 MHz band from use (CAP,
n.d.a). Codified in 47 CFR 22.925, the FCC regoitatlictates that "when any aircraft leaves the
ground, all cellular phones must be turned off'l€¢tEonic”, 2013, Prohibition on Airborne
Operation of Cellular Telephones, para. 1). Moegpthe agency mandates signage to be placed
in proximity to aircraft-installed cellular phonesdth the following warning: "The use of cellular
telephones while this aircraft is airborne is pbiteid by FCC rules, and the violation of this rule
could result in suspension of service and a fifiee use of cellular telephones while this aircraft
is on the ground is subject to FAA regulationsEl€ctronic”, 2013, Prohibition on Airborne
Operation of Cellular Telephones, para. 2). Betw2@04 and 2007, the agency had considered
lifting the ban, but retracted after determiningttmsufficient technical data was provided by
stakeholders to assure the agency the inflighbtisellular phones would not interfere with
wireless networks (FCC, n.d.).

Cellular Phone L ocation M ethods
A positive location can be derived from the coomsling cell phone tower height and

line of sight distance (NSARC, 2011). A differehtsignal analysis between multiple cell towers
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can also aid in triangulating a victim's locatibNSARC, 2011). A Cellular phone tap may also
be employed to notify search managers if calls teen made from a victim's phone (NSARC,
2011). The search and rescue employment of cefillane services essentially provides an
additional means of emergency notification, loaatiand rescue coordination.

The Air Force Rescue Coordination Center managigdar phone forensic analysis
requests for inland search and rescue missionauctediunder their jurisdiction within the
contiguous United States (J. Ogden & B. Ready,gmeiscommunication, April 30, 2013). The
AFRCC collects cellular phone records from multipteirces, but most often comes from filed
flight plans and victim family members (J. OgderB&Ready, personal communication, April
30, 2013). If a 406 MHz beacon is activated, AFR&@@Gtrollers can also access beacon
registration records.

Analysts begin by determining the target cellplone's servicing company (J. Ogden &
B. Ready, personal communication, April 30, 201Bthe phone provider is unknown, analysts
use a cellular phone number portability databasketermine carrier information (J. Ogden & B.
Ready, personal communication, April 30, 2013).alxsts evaluate the aircraft's expected route
of flight to determine applicable cell phone towargl roaming providers that may have serviced
the target phone (J. Ogden & B. Ready, personahuamcation, April 30, 2013). For aircraft
search and rescue missions, analysts make a EXdirenimstances request to the applicable
cellular phone providers and roaming networks ttecbcellular phone parametric usage data (J.
Ogden & B. Ready, personal communication, April3013). It is important to note that cellular
phone forensic information is not generated wherptione is turned off (J. Ogden & B. Ready,
personal communication, April 30, 2013). Turnirifaocellular phone prior to flight will not
provide updated forensic information unless thenghis reactivated with connectivity to the
cellular phone network.

The vast majority of cellular phone forensics ilwes analysis of historical usage data (J.

Ogden & B. Ready, personal communication, April3013). Forensic information is generated
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any time the target phone is used and may inclatieities such as: placing or receiving a phone
call, sending or receiving text messages, andsbeticellular phone data. Certain phones only
generate forensic information when they are agtiuekd for phone calls (J. Ogden & B. Ready,
personal communication, April 30, 2013). Analyassess these forensic events to determine the
location of used cellular phone towers and thesiofeuse (J. Ogden & B. Ready, personal
communication, April 30, 2013). Most towers alsoyide sector information, which provides
the analyst which side of the tower's antenna vgas to communicate with the target phone; the
vast majority of towers are composed of three, d&free sectors (J. Ogden & B. Ready,
personal communication, April 30, 2013). Analyaitso conduct cellular phone tower
propagation studies, if it is determined that dut&l phone is on the ground at a given time (J.
Ogden & B. Ready, personal communication, April3013). This allows analysts to determine
the most probable area of connectivity around tzellphone towers proximate to the cellular
phone's location (J. Ogden & B. Ready, personalnaonication, April 30, 2013). Propagation
studies take into account terrain shielding, toireguencies, and other factors to determine
tower coverage areas (J. Ogden & B. Ready, personanunication, April 30, 2013). Unlike
radar line of sight analysis, cellular phone praim studies vary slightly in that higher cellular
phone frequencies are capable of communicatiohtfigeyond line of sight (J. Ogden & B.
Ready, personal communication, April 30, 2013).alists use the Longley-Rice Irregular
Terrain radio signal attenuation model to plotuell phone coverage (J. Ogden & B. Ready,

personal communication, April 30, 2013).
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Figure & Displays cellular signal coverage gaps duernm@ite masking in a mountainous region.
Received from J. Ogden courtesy of the Civil AdtriBl. Printed with permission.

In some rare circumstances, search and rescugstmate able to make cellular phone
contact with the victim via voice call or text mage (J. Ogden & B. Ready, personal
communication, April 30, 2013). If contact is aa¥ed, rescuers encourage the victim to call 9-1-
1, using their cellular phone (J. Ogden & B. Reagmysonal communication, April 30, 2013). As
outlined in the following section, the Wireless Enbed 9-1-1 system is specially designed to
determine the location of the wireless caller mondre rapidly than cellular forensic methods (J.
Ogden & B. Ready, personal communication, April 301.3).

Wiredess Enhanced 911. The use of 9-1-1 calling systems have beenpdestd the
United States emergency response network. Thé& 8yktem was designed to provide an easily
memorable, single contact number to access pdiieg medical, or other emergency service

providers ("About”, n.d.). The original wirelinel91 system had no method of determining the
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origin of calls; reestablishing contact from drogpealls was nearly impossible (Hatfield, 2002).
As a result of this systemic deficiency, the Auttm&lumber Identification system was designed
to capture phone numbers of 9-1-1 callers (Hatfi2@D2). Automatic Location Information was
later added to provide additional caller originomhation to 9-1-1 operators (Hatfield, 2002). In
combination, these systems allowed for the effictlErployment of emergency resources and
became known ubiquitously as the Enhanced 9-1-1XESystem.

With the advent of cellular phones, however, tHegacy systems became obsolete.
Automatic Number Identification and Location syssewere not able to provide location of
mobile phone callers accessing the 9-1-1 systeni993, a commission composed of members
from the Association of Public Safety Officials, tidmal Emergency Number Association,
National Association of State 9-1-1 Administratasd Personal Communications Industry
Association to study wireless 9-1-1 system probl@ratfield, 2002). The committee established
criteria and technological solutions to integrati@jjular devices into the 9-1-1 system (Hatfield,
2002). To enforce these recommendations, the BgissCommunications and Public Safety Act
of 1999 was passed, mandating the universal ude@-1-1 system for emergency assistance
(Hatfield, 2002).

Implementation of E911 services were carried ot iwo-phase transitional process.
Phase | E911 service requirements mandated cefibtare carriers provide a wireless caller's
phone number, location of the tower processing#llelar call, and the side of the cellular
tower's antenna which received the call (NatiomakEyency Number Association [NENA],
2002). In addition to serving as an intermediaep <o full, Phase Il E911 service, Phase | E911
remains as a fallback contingency in the eventhase Il service failure (NENA, 2002). Phase
I E911 service requires cellular phone providerfurnish specific location information to the
911 dispatcher in the form of latitude and longguthta (NENA, 2002). Phase Il mandated that
all new cellular phones activated after 2002 weramaint with E911 Automatic Location

Identification (ALI) requirements (NENA, 2002). Aiionally, accuracy requirements were
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established for Phase Il systems, which mandatkst 100 meter precision for 67% of all
cellular calls, and 300 meter accuracy for 95%adisdNENA, 2002). More stringent accuracy
requirements were set for Phase Il systems whiddren individual cellular phone handsets to
furnish location information rather than the cellutarrier's network resources (Hatfield, 2002).
For these systems, accuracy was mandated to basatd0 meters for 67% of calls and 150
meters for 95% of calls (Hatfield, 2002).

Wireless E911 location processing. Wireless Enhanced 911 location processing uses one
of two basic technologies, either carrier-basedesys or individual handset-based systems
(Hatfield, 2002). Network-based systems typicabg cellular signal Uplink-Time of Arrival
technology to derive location information ("Wired8s2005). These systems measure the
differential in cellular phone signal arrival timasmultiple towers to derive location information
(Hatfield, 2002). Using the known location of tteeeiving cellular phone towers coupled with
the light speed constant of radio propagationjeaican essentially triangulate a cellular phone's
location based on its uplink signal (Hatfield, 2D0H at least three cellular phone towers are
used to perform this procedure, it is possiblecimigately estimate the unambiguous location of
target cellular phone (Hatfield, 2002). Other ratwbased systems use derivatives of this
technique (Hatfield, 2002). Alternatively, somereas use systems integrated into the
individual cellular phone handset to provide logatdata. Many modern cellular phones are
equipped to integrate signals from the Global Rwsitg System (GPS) constellation to derive
location information (Hatfield, 2002). The handsssentially conducts a similar process to the
U-TDOA method, except it uses known orbit locatifnaen the GPS system to calculate its
signal time differential to derive location infortran (Hatfield, 2002). Some carriers use a
hybrid approach. Assisted GPS uses network regsuocassist in location processing (Hatfield,
2002). Conversely, Enhanced Observed Time Difisrent Arrival systems work like U-TOA
systems, except share processing responsibility té individual handsets (Hatfield, 2002).

Phase | E911 process. When a Phase | wireless call is placed to 911cétalar
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carrier's Mobile Switching Center detects the datltower and antenna sector of the call. The
unit assigns a "pseudo phone number" from a listvaflable, pre-assigned numbers associated
with the respective cellular tower and antennacsdétatfield, 2002). The switching center
transfers the call with embedded pseudo phone nutolibe E911 Control Office (Hatfield,
2002). Additionally, the switching center forwaite caller's phone number, tower, and
receiving antenna information in the Automatic Liima Information database, filed under the
pseudo phone number (Hatfield, 2002). The E911tiGbOffice accesses the Selective Router
Database to determine the servicing Public Safeigwering Point (Hatfield, 2002). Customer
Premises Equipment at the 911 Call Center acces®lth Automatic Location Information
database to query the caller's phone number aatidadnformation (Hatfield, 2002).

Phase || E911 process. Phase Il E911 calls are slightly more complicatééhen a
Phase Il cellular phone call is placed to 9-1-&\lireless carrier's Mobile Switching Center
detects the call and uses Position Determinatiandgeent to locate the handset (Hatfield, 2002).
The carrier's Mobile Positioning Center comparesddller's location against the Coordinate
Routing Database to determine the E911 Controc®ffor the caller's geographic area (Hatfield,
2002). The Mobile Switching Unit forwards the dallthe E911 Control Office and tags the
receiving cellular phone tower's pseudo phone nuifi&tfield, 2002). The E911 Control
Office accesses the Selective Router Databasewaifd the call to the servicing Public Safety
Answering Point or 9-1-1 Call Center (Hatfield, 200 The cellular carrier's Mobile Positioning
Center reports the caller's cellular phone numbdrlacation information to an Automatic
Location Information database, providing locatigrates during the call (Hatfield, 2002). The
9-1-1 Call Center uses the carrier's provided psg@imbne number with integrated Customer
Premises Equipment to access the caller's locatformation in the Automatic Location
Information database (Hatfield, 2002). The renglttall-back and location information is
displayed at the 911 operator's console. Thisnaatied process allows cellular phone users to be

connected with the nearest servicing Public Safeiswering Point
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Accuracy of cellular phone search methods. The accuracy of cellular phone searches
varies according to the location technology in udéhile Wireless Enhanced 911 requirements
mandate cellular phone location accuracy withirBB0-meters, some systems are capable of
much higher levels of fidelity (Justo, 2009). Haet$ equipped with GPS tracking units, are by
far the most accurate, with an accuracy of abouhéters (Justo, 2009).

Conversely, cellular phone tower triangulationdarced varying results, with one test
reporting an accuracy of nearly 500 meters (J@§09). This variability can likely be attributed
to cellular phone tower capability. A phase | gkl phone tower, for example, merely provides
radius information (Wenthal, 2012). Daniel Dytcigkyj of the Erie County Sheriff's
Department works regularly with cellular phone fsies data and states, "Older technology like
Phase | cell towers and older phones cannot belidb/selied on to link a phone to a location as
can be ascertained from Phase Il towers and nellgslones that include global positioning
system technology" (Wenthal, 2012, GPS vs. celktoginpointing, para. 4).

The variability of cellular phone location accwaads ambiguity to search and rescue
processes. This reinforces the need for cellltanp carriers to continue updating network
systems to meet Wireless E911 Phase Il stand&ushermore, customers must also use modern
phones to take advantage of carrier Wireless E@palulities.

Applicability to other wireless devices. While the realm of cellular phone forensic
analysis is reasonably well-established, it is eorable to apply similar forensic methods to
other non-telephonic devices as well. With tabtehputers gaining popularity for use as flight
aids, it seems reasonable to conclude that thegeedeoffer similar tracking capability, if
connected to the cellular phone data network. rGid¢ature research and development is
necessary to determine the feasibility of utilizthgse devices to derive emergency location

information.
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Section 6: Theoretical Framework

To provide perspective to the study, the philogoptresearch is provided as a
foundation for the basis of the study. The thecaéframework will overview the epistemology,
grand theories, and supporting theories that umdénp research methodology and design.

The Post Positivist paradigm follows the tradiibscientific approach to research and
strictly adhere to the scientific method. PostifRasts view the world in terms of measurements
and numerical data (Creswell, 2009). Post Posttviely heavily on statistical findings to
support effects-based outcomes (Creswell, 2008)s form of research is heavily predicated on
theory development, data collection, and theorinesfient (Creswell, 2009).

The foundation of this study lies in the statetiealm of "a posteriori" probability, or
the probability assessment of events taken afeér ticcurrence. According to Pagano (2004), a
posteriori probability calculates the probabilityat an event occurred, given a historical sample
of outcome data. Unlike "a priori" probability, weh hypothetically calculates hypothetical
probability based on pure statistical analysispstgriori methods deals with real world data.
Given equal conditions, the results of both typgsrobability should match if the experiment is
performed enough times (Pagano, 2004).

The General Additive Rule of Probabilities liestad heart of the study. The rule states
that given various conditions, the cumulative piolity of two disjoint events is the sum of the
probabilities of each individual event (DeVeaux|l¥man, & Bock, 2009).

Aviation search and rescue is based heavily oprbleability of searchers locating the
objective target. This probability has come tabmed Probability of Detection. Probability of
detection is the likelihood that searchers willed¢the objective aircraft under various conditions
of ground cover, weather, visibility, terrain, amanyriad of other factors. In many cases,
searchers are able to confine a search area baghd mange of the objective aircraft, the
expected route of flight, radar flight followingogition reporting, and other variables. This
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information allows searchers to limit the search tmaller area, known as the Area of
Possibility. Given the extensive range of lightteaft, the area of possibility often covers an
extremely large territory. Given limited searchaerces, the probability of locating the objective
aircraft in a large area is extremely small. # gearch area could be significantly reduced in
size, however, rescue resources could searchehevare thoroughly.

Expressing probability of detection is best parfed through example. Modern search
and rescue personnel use several equations tapsedirch and rescue probabilities. The first
critical piece of information is the theoreticahseh area, which one can calculate by solving the
equation of Radius=Fuel X Cruise Speed/Burn ra®ARC, 2011). A C-172 is common
general aviation aircraft in use and will be usedhe example lost aircraft. A new Cessna
SkyhawHlies at 124 knots, burns 6.2 gallons per houthwan available fuel load of 53 gallons
("Skyhawk", 2012). Assuming the Cessna departéld full fuel tanks, the possibility radius
from the departure airport could be as much asOln@gitical miles with a vast 3,529,893 RIM
search area. The next most important calculasdmown as Probability of Detection (POD),
which is expressed as POD&1>*"*(Cooper, Frost, & Robe, 2003). Working backwanis
must first solve for "coverage"”, which is furthefihed by the equatioBoverage=Area
Effectively Swept/Segment Ar€opper, Frost, & Robe, 2003, p. 25). The "Areaé&ifely
Swept" is defined as the Search Effort multipligdiee Sweep Width (Cooper, Frost, & Robe,
2003). Finally, "Effort" is determined by multiphg the number of resources by the distance
traveled by the search resource (Cooper, Frostpl8eR2003). To simplify calculations, a single
C-172 will also be used as the hypothetical seaircnaft and will employ a large sweep width of
2.0 NM between search legs. Assuming the searcratiis employed for 24 hours, the
resulting Probability of Detection would only beniniscule 0.168%! Emergency Locator
Transmitters, cellular phone data, and radar facengrmation change this equation by
providing vital location information that can reduhie search area and subsequently bolster

probability of detection values.
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By reducing the size of the search area to the iarproximity to the ELT, cell phone
signal, or radar forensic data, confined searchsacan be completely searched much faster than
the larger possibility area. Additionally, moreasghes can be accomplished in a smaller area
than in a larger area, given equal time and regsurlVith searchers able to confine their search
to this smaller area of possibility, each successaarch will produce a much higher (additive)

probability that the crashed aircraft will be lozet

Section 7: Previous Research

Hall (1980)

The Hall study was among the first of several €isidio assess ELT activation issues.
Hall reviewed 1135 U.S. and Canadian post accidgaarts in involving fixed wing, general
aviation aircraft to determine common damage cantstaffecting ELT performance (Hall,
1980). Aircraft damage was coded according tost2dished zones and five levels of damage
severity (Hall, 1980). Hall noted that compliana¢h ELT carriage requirements was deficient,
with 14% of aircraft requiring a search not possegsan ELT onboard (Hall, 1980). Hall also
determined that ELTs were destroyed or damaged uppact in 25% of cases (Hall, 1980).
Hall also evaluated search duration of ELT missioagorting that 37% of ELT searches lasted
more than 24 hours; 28% of missions were betwe2# ffeurs; and 25% of missions lasted less
than 6 hours (Hall, 1980). Hall also determineat the empennage of the aircraft was least
likely to be destroyed in a crash (Hall, 1980).

Trudell & Dreibelbis (1990)

A 1990 study conducted by Trudell and Dreibelbigleated deficiencies in legacy,
TSO0-91 series emergency locator transmitters (Tr&dBreibelbis, 1990). Using post search
and rescue reports provided by the Air Force ReSmgrdination Center coupled with post
accident reports from the National Transportatiafey Board, the researchers revealed that

emergency beacons failed to operate in 75-77.98&trofaft accidents (Trudell & Dreibelbis,
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1990). Trudell and Dreibelbis reviewed a sampbenfil 19 accident reports to determine the
cause of ELT failures (Trudell & Dreibelbis, 1990)he study cited 17 causes of ELT failure,
which were generally attributed to accident damégyeain impacts, and improper maintenance
(Trudell & Dreibelbis, 1990). The study furtheri®ved causes of inadvertent activations or
"false alarms", revealing 14 contributing condigdiirudell & Dreibelbis, 1990). Problems with
the automatic G-switching unit was identified as thajor culprit behind a vast majority of ELT
false alarms (Trudell & Dreibelbis, 1990).

Using NTSB data derived from 1984-1987, Trudetl @mebelbis also studied search and
rescue durations for both ELT and non-ELT sear¢haslell & Dreibelbis, 1990). Their
assessment revealed that a working ELT resultedwmean search duration of only 12.4 hours
verses 103 hours, if the ELT failed to operate as wot carried (Trudell & Dreibelbis, 1990).
Post mission data from the Air Force Rescue Coatilin Center from the same period nearly
matched the NTSB findings, with ELT searches lastin average of 12.3 hours and non-
functional ELT searches requiring more than 50 &dtirudell & Dreibelbis, 1990). Using
survivability estimation tables, the team estimdd operational failures were responsible for
the loss of 58 lives annually (Trudell & Dreibelbi®90). The researchers recommended
implementation of new TSO-91a standards for ELTaillestion and operation as well as
improvements in the maintenance of beacon systémsl€ll & Dreibelbis, 1990).

Chouinard (2000)

Chouinard conducted a quantitative assessmenrdmddian search and rescue missions
occurring between 1995 and 1997, derived from thgddal Search and Rescue Secretariat's
SAR database (Chouinard, 2000). Chouinard's stadght to determine the number of flying
search hours expended for false ELT activationsedsas quantify the number of flying hours
expended if ELTs failed to activate following ancaaft crash (Chouinard, 2000). Chouinard
divided the 811 records into seven broad searaygosdts, based on incident type and ELT type

(Chouinard, 2000). Chouinard concluded that craskported by an active ELT were located
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in a mean of 8.1 hours, whereas those without ivedseacon required more than 53 hours
(Chouinard, 2000). Choiunard also determined Canddrces spent an average of 2.7 hours of
flying time to search for ELT false alarms or ndstess beacons (Chouinard, 2000). Chouinard
also noted that searches supported by an activebieaon yielded a 30.4% mortality rate,
whereas those without a beacon experienced a higB€% mortality rate (Chouinard, 2000).
While Chouinard also wished to determine the impéet06 MHz beacons on search and rescue
effectiveness, the dataset only produced thredénces of 406 MHz beacon use (Chouinard,
2000). The lack of statistical power for this fiimgl makes it difficult to make reliable

conclusions about 406 MHz ELT effectiveness.

Shaw (2003)

Rogers Shaw (2003) conducted the first study atbfa affecting aviation search and
rescue. Shaw (2003) assessed the duration ohsaadcrescue missions based on whether pilots
filed a Federal Aviation Administration Flight Plashaw's findings revealed that pilots who
filed IFR flight plans were located within 13.1 hepand those filing VFR flight plans were
found within 37.3 hours (2003). Pilots who did filet a flight plan required an average of 42.4
hours to locate (Shaw, 2003). Shaw also assessdtbtv early 121.5 MHz ELTs affected search
duration (2003). In his findings, Shaw discovetteat aircraft with an operation ELT onboard
were located in only 6.8 hours, verses 40.7 haurghbse without an emergency beacon (2003).
Wallace (2004)

Building on Shaw's work, Wallace (2004) conduaedarchival analysis of AFRCC
missions conducted between January 2000 and JOB t2Cassess how the duration of an aircraft
search was affected by filing a flight plan, mainitag an operational ELT, and requesting air
traffic control flight following. Wallace (2004pfind that pilots who filed a flight plan (without
regard for flight plan type) were located in a mé&are of 15.1 hours while those who failed to
file required 38.1 hours to locate. Aircraft undartraffic control flight following were found

within 12.4 hours compared with 25.9 hours forraifcnot under flight following (Wallace,
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2004). Pilots with an operable ELT were locatethimi 12.2 hours, while those without an ELT
took 25.3 hours (Wallace, 2004).

The work of both Wallace (2004) and Shaw (2008}tse baseline for estimating search
and rescue times. The ELT components of theséestutbwever, have become obsolete in
recent years due to the implementation of new 46& ELT technology. In February 2009,
COSPAS-SARSAT instituted a mandatory transitioEbT equipment from 121.5/243 MHz
devices to improved 406 MHz transmitters (USCG,)n.dfter that date, the COSPAS-SARSAT
constellation ceased monitoring the older 121.5 Mh®rgency frequency band (USCG, n.d.).
The discontinuation of these ELT models requireaeshers to evaluate recent aircraft incidents
to generate new models for estimating search asuliegtimes.

Keillor, et al (2009)

The Keillor study evaluated ELT performance in Ginéor 121.5 MHz, 243 MHz, and
406 MHz Emergency Locator Transmitters for missioosurring between 2003 and 2007
(Keillor, Newbold, Rebane, Roberts & Armstrong, 200 Keillor post accident assessment
identified causes of ELT failure, which was dividegtween crash impact issues and human
factors issues (Keillor et al, 2009). Keillor deténed that only 74% of ELTs operated properly,
with only 64% automatically activating upon air¢rmfipact (Keillor et al, 2009). Additionally,
the Keillor study determined ELT false alarms toast for nearly 90% of activations (Keillor
et al, 2009). The study also sought to assesessicates between ELT transmitter types,
however, collected data did not include any incidemvolving 406 MHz beacons (Keillor et al,
2009).

Gauthier (2009)

Gauthier's study performs a quantitative cost-beaeralysis of using next generation
medium Earth orbiting search and rescue (MEOSAR{esys over current GEOSAR and
LEOSAR capabilities (Gauthier, 2009). MEOSAR sygstencorporate 406 MHz SARSAT

beacon receivers aboard next-generation GPS narigstellites spacecraft (Gauthier, 2009).
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Using historical search and rescue data from a @analatabase, Gauthier found MEOSAR
satellite systems comparable to GEOSAR capabil{#69). Furthermore, integrated MEOSAR
systems were able to detect some beacons up tandées earlier than the combined
LEOSAR/GEOSAR systems (Gauthier, 2009). Gautlie09) estimated incorporation of
MEOSAR systems would save the Canadian Departnidvtional Defense nearly $6.3 million
in annual search and rescue flying expenses.

Jesudoss (2011)

In this 2011 study, Jesudoss performed a quamtassessment of the effectiveness of
emergency locator transmitters in U.S. generalt@wviaircraft accidents occurring between 2006
and 2010 (Jesudoss, 2011). Using data derivedtierhational Transportation Board aviation
accident database, Jesudoss assessed 12 chaiestefihese accidents to construct a model to
represent ELT effectiveness (Jesudoss, 2011).J&sedoss model used a Chi Square analysis to
test for significant differences in search duratiamong four binary conditions of the following
independent variables: aircraft ELT installati&h,T operation, ELT-aided rescue, and the
cumulative effect of ELT operated and aided regdasudoss, 2011). The Jesudoss study
revealed a significant difference between ELT ofi@naand its contribution to aiding search
efforts (Jesudoss, 2011). While the study's resudtre compelling, the author reported that up to
95% of accident reports failed to contain ELT dd&sudoss, 2011). With such a large quantity

of unknown data, the study suffers from questiomabitent validity.

Summary

Both Schiff (1999) and the Adams, Schmidt, Newgardi Frederiuk (2007) studies
reveal the critical need to minimize aviation seaaad rescue duration. Using the Post Positivist
approach and supported by the A Posteriori Thendy@eneral Additive Theory, the researcher
has laid the theoretical framework for ProbabitifyDetection. This body of research will draw

on the previous research conducted by Shaw (20@BY\allace (2004) to further the
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understanding of aviation search and rescue.

To date, no studies have been performed that aiarely assess the extent to which
406 MHz ELTs reduce search time over 121.5 MHz rfisod8ince ELTs reduce the search area
of possibility, the duration of search missionsugtaeflect the type of ELT in use based on its
respective accuracy. Furthermore, no previoudesuthve assessed the impact of utilizing radar
or cellular phone forensic information to reducarsh duration. The reviewed literature

provides the foundation upon which the methodolofgghe study is built.
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CHAPTER IlI

METHODOLOGY

Introduction

The purpose of this study was to determine theaonhpf various search and rescue
devices and methods on search and rescue durdtfenstudy assessed three generations of
Emergency Locator Transmitter technology, the dsearlern cellular phone forensics data, and
the use of radar forensics information. The regpbduced by this study serve to educate
stakeholders in the aviation community about thetraffective technology and methods to
minimize search and rescue duration. Proper agfit of this information has the potential to
minimize the loss of life due to exposure and at&d injuries exacerbated by delays in search

and rescue operations.

Research Questions

Study methodology was designed with the intergrotiucing quantitative results to
answer the following research questions:

1) Do ELTs significantly affect search duration?

2) Do ELTs with higher fidelity location accuramsult in lower search durations?

3) Does the lack of satellite monitoring of 12MBlz ELTs result in higher search

durations?

4) Does the use of Cellular Phone Forensics e$kmrch duration?

5) Does the use of Radar Forensics affect sehncttio
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6) Does the use of multiple crash location cbutiors (such as ELTs, Cellular Phone
Forensics, and Radar Forensics) result in sheei@rch durations than if fewer crash

location contributors are used?

Formulation of Research Questions

Each research question was formulated based ochs@ad rescue trends within the
aviation search and rescue community.

Do EL Tssignificantly affect search duration?

The backbone of the study lies on the assertianlthver search and rescue durations
result in higher survivability rates. As outlinedchapter two, post-crash mortality is influenced
by two factors; deterioration as a result of inggrsustained in the crash and environmental
exposure. The majority of studies agree that satvs minimal after searches in excess of two
days, whereas those occurring on the day of thideéntare more likely to produce survivors.

While this particular research question has béasied many times by multiple
researchers, it is no less relevant today than theas first posed. With the preponderance of
research providing both anecdotal and statistigapsrt affirming the positive affect of ELTs, it
is expected that the data from this study willgitle same conclusion. While the conclusion to
this question seems inevitable, it is critical ¢gestifically establish this answer yet again. The
aviation industry is not static; it remains in axstant state of development and change. A failure
to test this assumption is to make the criticabreof believing that nothing in the aviation
industry has changed or influenced aviation seanthrescue. More importantly, if the data does
not provide support for this assumption, it wouddrtegligent to not discover why.

Do EL Tswith higher fiddlity location accuracy result in lower search durations?

The second research question is based on theetlwabiconstruct of study and founded

in the statistical rule of additive probabilitieBevelopment of ELT technology has led to new

generations of increasingly accurate emergencydmsacAs the level of location ambiguity is
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reduced, the size of the area likely to containtéinget is also reduced. Given equal search
resources under comparable conditions, it is mkedylto rapidly locate a target in a small
confined area over one in a larger area. It igetqd that this assumption will be supported by
the data. Moreover, it is also likely that eachTEipe, corrected for other influencing factors,
will produce search durations relatively proporéibto their respective location accuracies.
Doesthelack of satellite monitoring of 121.5 MHz EL Tsresult in higher search durations?

The third research question was formulated baseégulatory changes within the
general aviation community. As detailed in chaptay, the international COSPAS-SARSAT
organization ceased satellite monitoring of 121182MELTs in 2009. This action was instituted
as a method to reduce systemic false alarms amtapubeacon signals as well as accelerate
worldwide transition to newer 406 MHz model ELTsitially this question was developed to
statistically validate if 406 MHz ELTs were mordegitive than previous generation 121.5 MHz
models. It was originally expected that a trapasitio 406 MHz ELTs would eventually be
mandated and that this question would put to restontradictory argument that 406 MHz ELTs
were equally as effective as 121.5 MHz beaconsinDuhe course of the study, however, an
unpredictable and surprising series events toakepla&Vhile many nations unquestionably
mandated the transition to 406 MHz ELTSs, the Uniéates did not. Significant pushback from
advocacy groups in the general aviation commusylted in the failure of the Federal
Communications Commission to implement mandatog/M®iz ELT carriage regulations. As a
result, this question has become even more relarahtiddresses the impact to a large portion of
general aviation pilots who fail to voluntarily trsition to 406 MHz ELTs.
Doestheuse of Cellular Phone Forensics affect search duration?

The fourth research question was the first of dedved from the use of novel
techniques in aviation search and rescue applitatids aviation experts search for new tools to
use in the pursuit of search and rescue applicataailular phones present a viable supplement

or even an alternative to traditional emergencycbeanethodology. As presented in chapter
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two, the use of cellular phones for tracking pugsolsas often been used in law enforcement
applications. The use of such technology in amasearch and rescue, however, remains a
relatively modern development. While still initdancy as an aviation search and rescue tool,
cellular phone forensic analysis remains a promgisgarch and rescue tool, as it allows rescuers
to access high-fidelity location information frohretwidely proliferated cellular phone network.
Doesthe use of Radar Forensics affect search duration?

Like cellular phone forensic analysis, the fiffsearch question was developed to
investigate the use of new aviation search andiesrhniques. While radar forensics have long
been used as post-hoc tool for understanding awmiaitcidents, its use in aiding active aviation
search and rescue missions is a relatively newigoh. Research and literature in the field of
radar forensics is virtually non-existent, and raatzalysis techniques remain closely held by few
specialized individuals. Succinctly, this reseagalstion was chosen to discover the value of
this little-discussed search and rescue techniduwielitionally, this question allowed extensive
anecdotal investigation into the techniques usedddar forensic analysis, which was included in
chapter two.

Doesthe use of multiple crash location contributors (such asELTs, Cellular Phone
Forensics, and Radar Forensics) result in shorter search durationsthan if fewer crash
location contributors are used?

The final research question serves as a uniondegithe previous research inquiries.
This research question seeks to determine theatttee effects of multiple search and rescue
technologies. Does the use of various searchesulie technologies have an additive or
multiplicative effect? This question seeks toifyathe notion that "if one is good, then more is
better". It seems reasonable to postulate thatianal location information should result in less
search ambiguity. The presence of an interacfieeteon multiple search technologies has not
yet been determined or measured. While it is Kitikély that such an effect exists, providing

statistically-sound evidence to support such arclzuld influence aviation stakeholders to
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embrace mutli-method search technologies.

Hypothesis Development

The research questions led to the formulation dfipte research hypothesis:

R-1: Do ELTs significantly affect search duraton
Hia: There is a significant difference in search tlare for aircraft equipped
with any ELT than those not equipped with an ELT.

Hio: There is no significant difference in searchadions for aircraft equipped
with any ELT than those not equipped with an ELT.

R-2: Do ELTs with higher fidelity location accuasaresult in lower search durations?
H.a.a: There is a significant difference in search tarafor aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.a0: There is no significant difference in searchadion for aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

Hs.a: There is a significant difference in search tarefor aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

Hos.o: There is no significant difference in searchatiion for aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

R-3: Does the lack of satellite monitoring of 2MHz ELTs result in higher search

durations?

Hs a: There is a significant difference in search tares from satellite
monitored 121.5 MHz ELTs and unmonitored ELTSs.
Hso: There is no significant difference in searchadions for satellite monitored

and unmonitored 121.5 MHz ELTs.
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R-4: Does the use of Cellular Phone Forensiexaffearch duration?
Hi.a: There is a significant difference in search tlare of aircraft searches
that employ cellular phone forensics.
Hso: There is no significant difference in the seatamations of aircraft
searches that employ cellular phone forensics.
R-5: Does the use of Radar Forensics affect keamation?
Hs.a: There is a significant difference in search tlare of aircraft searches
that employ radar forensics.
Hso: There is no significant difference in the seadohations of aircraft
searches that employ radar forensics.
R-6: Does the use of multiple crash location dbators (such as ELTs, Cellular Phone
Forensics, and Radar Forensics) result in sheei@rch durations than if fewer crash
location contributors are used?
Hs.a: There is a significant difference in search tare if multiple crash
location contributors are used.
He.o: There is no significant difference in the seatamations if multiple crash

location contributors are used.

Research Design

The study was conducted as a historical, quangtaissessment of search and rescue
durations based on various permutations of air&gft type, radar forensic use, and the
employment of cellular phone forensic analysise $tudy extracted data from an Air Force

Rescue Coordination Center search and rescue databa
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Population

The population of study was limited to all genexahtion search and rescue accidents
within the contiguous United States. This figuegies annually based on the number of general
aviation aircraft crashes. While the study popatamay be small, the results are directly

applicable to the nation's 627,588 registered silot

Sample Selection

The sample of this study was confined to a censgeneral aviation crashes that
occurred within the contiguous United States betw2@06 and 2011. This sample was selected
for several reasons. First, the dataset contailysland-based search and rescue events. In the
United States all contiguous land-based searchiesutie activities are coordinated by the Air
Force Rescue Coordination Center, whereas litsmatch and rescue events are directed by the
U.S. Coast Guard. By limiting the scope of thelgtio only land-based events, the research
controlled against possible variations in the oigational search methods and procedures
between the Air Force Rescue Coordination Centéitlae U.S. Coast Guard. This limitation
was intentionally added to enhance the study'slitsali

Recent developments in search technology alsaeinfled the selection of the sample.
On February 1, 2009, COSPAS-SARSAT Internationataated the use of new 406 MHz
technology and the cessation of satellite monitpdholder 121.5 MHz systems (USCG, n.d.).
At the time of request, 2011 data was the moseotiidtata available. In an attempt to create
relatively equal sample sizes, the study souglat datween 2006 and 2011, which provided for
three years of search and rescue data before tandled 406 MHz ELT mandate. The intent of
this selection was to generate relatively equivadgatistical power when comparing 121.5 MHz
and 406 MHz systems. Unfortunately, the 406 MHndade was rescinded prior to
implementation, making these study controls letcate than anticipated. The sample is not
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only representative, but fully inclusive acrossesalyears of search and rescue data. The

researcher intends to use the resulting statiirasference purposes, if appropriate.

Reliability

No data collection instrument was used in thishgtuT he researcher extracted data
directly from a search and rescue database madgutdiy a governmental agency. The study can
be easily tested for reliability using the sameadatd statistical procedures outlined in the

methodology.

Validity

The study will utilize data collected from the Aiorce Rescue Coordination Center, a
governmental agency specifically responsible ferdearch and rescue of distressed aircrew. The
AFRCC is the foremost authority and record-keeiggncy for inland search and rescue events.
The AFRCC uses standardized criteria and defirstion data contained in its archival database.

The same definitions and criteria were used inghigly to maintain validity.

Data Gathering Procedures

Data for this study was requested via Freedomfofination Act request with the
Tyndall Air Force Base Freedom of Information AEQJA) Manager on December 12, 2012.
The Air Force provided mission summary informatb@sed on "releasable documents from the
Air Force Rescue Coordination Center pertainingompleted] Aircraft Distress Beacon
missions between 1 January 2006 and 31 Decembér Zlie data request was filled on January
2, 2013 under FOIA case number 2013-01258-F. AAR@Aiver for data compilation and search
fees was applied for and approved under the atyhmirDoD Regulation 5400.7. The FOIA
request product and subsequent package can bedviewig@pendix B.

The data set included 392 individual missions coted between 2006 and 2011. Each
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mission in the data set contained categorical$iéd ELT type, cell phone forensics, and radar
forensics. The cellular phone and radar forensldg$ contained simply "yes/no" indications if
these procedures were utilized. The spreadsheetralluded a field for mission search duration,
accurate to tenths of hours. The AFRCC sanitireddataset for personally identifiable
information including the exact incident date, cneember or passenger names, aircratft tail

numbers, and other data that could reveal theittenof individual human subjects.

Data Types

The statistical procedures used two categoriestaf. Independent variables used
nominal scale data, each identified by categoyT &ype was the first independent variable and
contained four categories: GPS-Assisted 406 MHz,E10b MHz ELT, 121.5 MHz ELT, and
Inoperative/No ELT. Each condition of the firstependent variable was mutually exclusive, as
no aircraft would reasonably contain two Emergelnogyator Transmitters. Cellular phone
forensic analysis and radar forensic analysis nugdiae remaining independent variables and
were binary conditions, indicated by either thespreee or absence of their use during each
search event. The dependent variable of searéiduiused ratio-scale data, measured in hours

or tenths of hours.

Special Treatment of Data

One subset of the first independent variable v8aessed under separate conditions.
Because the COSPAS-SARSAT organization discontidzdd5 MHz ELT monitoring by
satellite on February 1, 2009, the meaning ofthtegory of data was not equivalent throughout
the sample. Prior to 2009, 121.5 MHz ELTs were itaoad by the COSPAS-SARSAT
constellation, which provided ELT activation natdition and location information to search and
rescue entities. After the February 2009, 121.52NBHTs were not monitored by the COSPAS-

SARSAT network. As a result, activation notifieatiand location information had to be derived
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from other sources. Unfortunately, the datasetlpded the researcher from ascertaining the
exact date of each search event more accurateiythleayear of occurrence. This data limitation
was implemented by design to prevent both the resenand subsequent readers from being
able to reconstruct individual incidents and idgrgiubject participants.

To correct for this discontinuity, assessmenhaf subcategory of the first independent
variable was conducted separately. Data for thevatiable was split into a two categories;
instances which occurred prior to 2009 and thosetwbccurred after 2009. Pre-2009 data
measured the effectiveness of 121.5 MHz ELTs, whihefited from COSPAS-SARSAT
system monitoring, whereas post-2009 events lasked monitoring. While this modification
did inject some construct validity issues, the intpgas small since only 31 days of 2009 data
were incorrectly applied to the unmonitored catggdrhe impact of this limitation was further
mitigated by the fact that post-2009 121.5 MHz deds largely irrelevant. This was due to the
fact that post-2009 data did not measure the fifeeteveness of aviation search and rescue
systems because ELTs were not designed to opadgpendently of satellite monitoring.
Conversely, post-2009 121.5 MHz ELT data did presdme value as a gauge of rescue
effectiveness (or lack of effectiveness) for pilatso failed to transition to updated 406 MHz
ELT systems. Since the Federal Communications Gsesiom failed to implement mandatory
transition from 121.5 MHz ELTs to 406 MHz ELTSs, nyguilots still carried the older 121.5
MHz ELT models.

Data Removal

In addition to the requested information, the getaeceived from the Air Force Rescue
Coordination Center contained search and resciaefala43 MHz (military) Emergency Locator
Transmitter searches. Since this data was notageno the study, these 27 datasets were

removed from the analysis. The remaining samplewsad for the subsequent analysis.
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Statistical M ethodology
Statistical Tools

The Statistical Package for the Social SciencBSE& program was used for all
descriptive statistical presentations, modelingl selected statistical analysis. Both SPSS and
Microsoft Excel were used to develop graphs andtsha present the data.

M ethodol ogy

Literature supports the use of inferential sta@tmethods for census data. Researchers
from the University of Zurich utilized a Generahkiar Model (GLM) testing model to test leaf
survival census data from a multiple factorial expent (Egli & Schmidt, 2001). Similarly, a
study by Anderson (2013) also utilized a statistitifierence testing model to assess significant
differences in census data.

A multiple regression analysis was the initiatistecal tool selected for analysis of the
variables. While this tool provided direction the approach applied to the final study, it was
quickly abandoned for several reasons. While diptelregression analysis would assign
meaningful correlation coefficients to the vari@esrch and rescue variables, this approach
would not ultimately measure significance, whicrsw@cessary to answer the research
hypothesis statements. Additionally, this modelldaot account for the interactive effects of
the independent variable, which formed the substafcesearch hypothesis six. Moreover,
while the correlation information would be an i@#ing tool to aid in the explanation of the
variability among search and rescue durationsag unable to support inferential conclusions.
As a result this statistical tool was quickly abameld. The use of a modeling-style approach,
however, yielded a previously unconsidered reseaector. This precursory approach led to the
later selection of the General Linear Model for SRS the ideal tool for performing hypothesis
testing.

Conditions of the three independent variables wesessed using a form of multiple

linear regression analysis known as the GeneradriModel Univariate Analysis for SPSS.
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This model was selected for several reasons., Biistmethod was ideal for analyzing
categorical independent variables, since SPSS atittatty dummy-coded these nominal
variable types (A. Taylor, 2011). Additionally gtlGLM model effectively assessed the
interactive effects of the independent variablesTdylor, 2011). This singular statistical model
was expected to provide answers to all posed resegestions. Moreover, use of this statistical
procedure was ideal for identifying the interactftects of independent variables, such as those
contained in research question six.

The GLM for SPSS was designed based on the model:

Search Duration = ELT type + Radar Forensics tu@elPhone Forensics + ELT

Type*Radar Forensics + ELT Type*Cellular Phonedfsics + Radar

Forensics*Cellular Phone Forensics + ELT Type*@all Phone Forensics*Radar

Forensics
GLM Univariate Analysis Assumptions

According to Becker (2009), the GLM Univariate Aygs was predicated on the
following assumptions:

1) Observations were independent.

2) Dependent Variable Scale was interval or highe

3) Distributions were normal

4) Distributions were homogeneous.
Each of these assumptions were tested accordiing tmllowing methodological or statistical
procedures:

1) Independent Observationidependence was assured based on the studignde

Each aircraft search was conducted independehdther aircraft searches. One
aircraft search should not have influenced otireraft searches or incidences.
2) Data Scate The dependent variable of search hours wasdedas a ratio scale

data, and exceeds the interval scale assumpfipiireenent.
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3) Distribution Normality Data was tested for normality using a Shapirdk\Wést. For

the Shapiro-Wilk test, an alpha level of0.05 to determine non-normality significance.
Data that failed to meet the Shapiro-Wilk Normatist was transformed to generate a
near-normal distribution and was retested usiegahapiro-Wilk test, using the same
criterion. The selection of distribution transfation procedures was based upon the
obtained data distribution, with specific datangfrmation outlined in chapter four.

4) Homogeneous Distribution®ata was tested for homogeneity of varianceguain

Levene test. The Levene test was conducted asirapha level of g 0.05, which
would indicate a lack of homogeneity of variantiedata failed to meet homogeneity,
the GLM model was replaced with a Brown & Forsyghetest of Equality of Means.
This alternative test was selected because ir@asst to samples of unequal size, non-

normal distributions, and did not require homoggnaf variance ("Univariate", n.d.).

Data Transformation

In the event data was transformed to generatamnmemal distribution, the new
transformed data was used for all subsequenttitatignless otherwise indicated. This
procedure was implemented to facilitate easierpnétation and comparison among the various

research hypothesis.

Hypothesis Testing

An alpha significance level of90.05 was used as a benchmark for identifying non-
random results. The following items from the modete used to test each hypothesis:
R-1: Do ELTs significantly affect search duratto
Hi.a: There is a significant difference in search tlare for aircraft equipped
with any ELT than those not equipped with an ELT.

Hio: There is no significant difference in searchadions for aircraft equipped
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with any ELT than those not equipped with an ELT.

A significance finding in the GLM model for ELT g, which included categories of
Pre-2009 121.5 MHz ELTs, Post-2009 121.5 MHz EI40§ MHz ELTs and GPS-Aided 406
MHz ELTs would have resulted in a rejection of thal hypothesis. Since the GLM model
provided significance data for each ELT model, thipothesis may have multiple responses.
Additionally, a significant finding for "No operabELT" would also have supported rejection of
the null hypothesis, indicating a significant diface in search durations for incidences which
lacked an operable ELT.

If the dataset failed to conform to the statidtecssumptions, the SPSS GLM model was
replaced with a Brown & Forsythe's F-test of Eqyadf Means. For this statistical test, missions
were identified as either having an operable EL&rof type or not having an operable ELT (null
condition). While this test did not provide thgrsficance levels of each ELT type, it still
answered the posed research hypothesis. As wtGtM model, a significance finding of<p
0.05 was used as a threshold to reject the nubtmgsis.

R-2: Do ELTs with higher fidelity location accuasaresult in lower search durations?

H.a.a: There is a significant difference in search tarafor aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.ao: There is no significant difference in searchadion for aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

The first sub-hypothesis of research questionwas assessed using orthogonal contrast
testing. Coefficients were assigned to each Elctofato facilitate a comparison between GPS-
Aided 406 MHz ELT group and the contrast groupsgcivitonsisted of: pre-2009 121.5 MHz
ELTs, post-2009 121.5 MHz ELTs, 406 MHz ELTs. Aamed coefficient construct was used

to test for mean differences. A "no operationalEgroup was also included in the calculation,
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but since it was not relevant to the research gurest was excluded from the contrast.
Coefficients were assigned as follows:
No operational ELT (0); pre-2009 121.5 MHz ELT);(@ost-2009 121.5 MHz
ELT (1); 406 MHz ELT (1); GPS-Aided 406 MHz ELT3}

Contrast testing produced two results: resultsiwvhssumed equal variances and results
which did not assume equal variances. A Levenddefomogeneity of variance was conducted
on the data to determine which of these t-testt®e8uuse for hypothesis testing. A significant
Levene test of g 0.05 would indicate a lack of homogeneity of vace and indicate use of the
contrasting t-test results which did not assumekgariances. For the purpose of hypothesis
testing, a significance finding of$0.05 would result in rejection of the null hypatie

H.e.a: There is a significant difference in search tarefor aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

H.e.o: There is no significant difference in searchatiion for aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

The second sub-hypothesis of research questionvbgassessed using the same
methodology as the first sub hypothesis. Agaithagonal contrast testing was used to compare
means testing between groups. For this hypotbhesiscomparisons were made between the
means of both groups of 121.5 MHz ELTs (pre and-g6689) and both groups of 406 MHz
ELTs (standard 406 MHz and GPS-aided 406 MHz ELBsjnilar to the previous test, a "no
operational ELT" group was included in the caldolat but was assigned a coefficient of zero.
Contrast coefficients were assigned as follows:

No operational ELT (0); pre-2009 121.5 MHz ELT);(fiost-2009 121.5 MHz
ELT (1); 406 MHz ELT (-1); GPS-Aided 406 MHz EL(T1)

Like the first sub-hypothesis of research quedtiam interpretation of the contrast

results is predicated by the prior Levene testoshbgeneity of variance. A significant Levene

test of p< 0.05 would indicate use of the t-test results Whiil not assume homogeneity of
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variance, whereas a p of > 0.05 would indicateafighe results which assumed homogeneity of
variance. Again, the hypothesis testing relieda+iest significance level of$0.05 to reject
the null hypothesis.

R-3: Does the lack of satellite monitoring of 2MHz ELTs result in higher search

durations?

Hs a: There is a significant difference in search tares from satellite

monitored 121.5 MHz ELTs and unmonitored ELTSs.

Hso: There is no significant difference in searchadions for satellite monitored
and unmonitored 121.5 MHz ELTSs.

Research question three was addressed in musanhe manner as research question
two. Again making use of orthogonal contrast tegstb compare group means, comparisons
were made between the pre-2009 121.5 MHz ELT gemgpthe post-2009 121.5 MHz ELT
group. In this test, "no operational ELT" and406 MHz groups were assigned a coefficient of
zero. This produced a coefficient assignment bows:

No operational ELT (0); pre-2009 121.5 MHz ELT);(fost-2009 121.5 MHz
ELT (-1); 406 MHz ELT (0); GPS-Aided 406 MHz EL(D)

As with the other contrast tests, a Levene tebhbafogeneity of variance with a
significance factor of g 0.05 would indicate the use of t-test results Wil not assume
homogeneity of variance, whereas a higher p-valoalavindicate the use of the alternative
results. The resulting t-test was tested agamsi@ha value of g 0.05 to reject the null
hypothesis.

R-4: Does the use of Cellular Phone Forensiextaffearch duration?

Hsa: There is a significant difference in search tlares of aircraft searches
that employ cellular phone forensics.
Hso: There is no significant difference in the seatahations of aircraft

searches that employ cellular phone forensics.
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This analysis was conducted similarly to Hypothdsi The SPSS GLM model would
have indicated significance findings for cellulfwope forensic usage. Again a significance
factor of p< 0.05 was used as a benchmark to reject the npdithgsis.

If the dataset failed to conform to the statidtacssumptions, the SPSS GLM model was
again replaced with a Brown & Forsythe's F-testgfiality of Means. Since cellular phone
forensics was already coded as a binary variablelata manipulation was required. The same
significance factor of g 0.05 was used as criteria to reject the null hygsis for the Brown &
Forsyth F-Test.

R-5: Does the use of Radar Forensics affect seamation?

Hs.a: There is a significant difference in search tlare of aircraft searches
that employ radar forensics.

Hso: There is no significant difference in the seadohations of aircraft
searches that employ radar forensics.

The radar forensic analysis hypothesis test wadwtied identically to the cellular
phone forensics test, using the binary radar facsnsage data. Again, a finding of£|9.05
significance indication from the SPSS GLM modeldetiular phone forensics would result in a
rejection of the null hypothesis. Similarly to tbelular phone test, a failure to meet the SPSS
GLM statistical assumptions resulted in the usthefalternative Brown & Forsyth F-test of
Equality of Means. The same significance factgp €f0.05 was used to test and reject the null
hypothesis.

R-6: Does the use of multiple crash location gbators (such as ELTs, Cellular Phone

Forensics, and Radar Forensics) result in sheei@rch durations than if fewer crash

location contributors are used?

Hs.a: There is a significant difference in search tare if multiple crash
location contributors are used.

He.o: There is no significant difference in the seatamations if multiple crash
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location contributors are used.

The test of the final hypothesis sought to deteenifi there was an interactive or
synergistic effect resulting from the use of mu#imodalities of crash location. It reasons that
search durations should be reduced if additionadcgs of location information were available.

This test relied on the significance results fibim interactive components of the GLM
model. A significance finding for combinationsEfT*Cellular Forensics, ELT*Radar
Forensics, and ELT*Cellular Forensics*Radar Foressiould be used to evaluate research
hypothesis six. As with other tests, a signifi@factor or p<0.05 was used as a benchmark to
reject the null hypothesis.

If the dataset failed to conform to the statidtecssumptions, the SPSS GLM model was
replaced with a Spearman Rho test. Testing otyj®thesis was predicated by the coding the
data according to the number of location contribaitesed throughout the search. Searches were
assigned a rank value of 0 through 3. Zero indit#tat no location devices or forensics were
used. One point was assigned for each additiocatibn method used; ELT, cellular phone
forensics, or radar forensics.

A Spearman'’s Rho test was used test to measudirdiction of association between the
number of location contributors and search duratieor this test, a negative association was
expected. To use this test, the following assupngtimust be met:

1) Data Scate The two variables assessed must use ordinatyvel{ or ratio-scale data.

For this test, the number of contributors represerdinal or ranked data, and the

search duration represents ratio-scale data.

2) Monotonic Relationship Between Variabléghis means that variables increase or

decrease in value together in a linear-styleigriahip. This assumption will be tested
by a data scatterplot.
While the Spearman'’s Rho is robust to non-normatity outliers, transformed data will still be

used for this assessment.
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A significance test with a an alpha threshold eD5 was use to determine significance

for the Spearman Rho test.

Treatment of Statistical Outliers

The researcher did not remove outliers from théstical calculations. Outliers are
identified and presented in chapter four, afteadetnsformation. Impacts to statistical testing
are also presented in chapter four, with regaigcovered outlier conditions. Confidence
intervals were used as a qualifier of the prepcamtes of data, since outliers were not removed

from the dataset.

Institutional Review Board (IRB) Compliance

The procedures contained in this study was revddowyethe Oklahoma State University
Institutional Review Board for compliance with thetection of human subjects. Since the
researcher requested that all data collected fn@®AERCC be stripped of personally identifiable
information, a human subjects IRB exemption wasitg@ for this study. This documentation is
available for review in Appendix A. The researcheserves the right to retain collected data for

future research.

Summary

The outlined procedures built upon the concegtaatework of previously conducted
studies. This study demonstrated high validity eslidbility, since all data was extracted from a
governmental reporting source. Finally, the red®arapplied several advanced statistical

assessments to evaluate data.
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CHAPTER IV

FINDINGS

The final data set contained (N=365) individuassimns. Data distribution included 97
missions from 2006; 84 missions from 2007; 67 nissifrom 2008, 29 missions from 2009; 44
missions from 2010; and 44 missions from 2011. dd@aset included 139 missions which used
ELTs and contained: (N=126) 121.5 MHz ELT missidinN=12) 406 MHz ELT missions, and
(N=1) GPS-Aided 406 MHz mission. Among the 126 .52#1Hz missions, 112 occurred prior to
2009, and 14 occurred after 2009. Of the 365 tatasions, the dataset included (N=104)
missions which utilized cellular phone forensidieiques and (N=221) which used radar
forensic methods. A breakdown of the yearly misslmtribution can be found in the graphs
below.

Table 2

Mission Distribution by Search Method

Year No ELT  121.5MHz 406 MHz GPS 406 Cellular Radar
2006 47 50 0 0 9 48
2007 49 34 1 0 9 48
2008 37 28 2 0 18 35
2009 27 0 2 0 19 25
2010 38 4 2 0 27 36
2011 28 10 5 1 22 29

80



Mission Distribution By ELT Type

Number of Missions

2006 2007 2008 2009 2010 2011
Year

Figure 7. lllustrates increase in proportion of non-ELT miss after 2009. The number of 406 MHz and
GPS-Assisted 406 MHz missions are relatively mihima

Forensics Usage By Year
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Figure 8. Shows substantial increase in the proportion df lsetlular and radar forensics usage
after 2009.

A summary assessment of the dependent variablbitedhia range from a minimum
duration of 0.4 hours to a maximum of 720.0 hourke dataset yielded a mean search duration

of 32.42 hours with a Standard Deviation of 65.886rs. Data exhibited a median search
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duration of 16.00 hours with an IQR of 22 hourdisTrelatively high standard deviation value
coupled with a similarly high IQR value indicategrsficant data variance.

An assessment of distribution of the independariaible indicated a positively (right)
skewed, unimodal distribution. Additionally, thistdibution's Kurtosis was measured at 55.550,
an indication of much weaker tails than that obanmal distribution of Kurtosis=0. A visual
depiction of this distribution can be seen below.

Table 3

Descriptive Statistics of General Aviation Seardsgibns (2006-2011)

Statistic Value
Mean 32.42
95% Mean CI (Lower) 25.69
95% Mean CI (Upper) 39.14
5% Trimmed Mean 22.72
Median 16.00
Variance 4268.831
SD 65.336
Minimum 0.4
Maximum 720.0
Range 719.6
IQR 22
Skewness 6.716
Kurtosis 55.550
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Histogram
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Figure 9. Displays highly-right skew distribution of missidurations.

Data Normality

The primary purpose of performing normality tegtis to meet the assumption
requirements for using the GLM Analysis tool fopbyhesis testing. Mere observation of the
histogram of the data indicates a lack of confoyrtota normal distribution. In addition to the
visibly non-normal histogram, a Q-Q plot was useddmpare the distribution of the observed

data values against the expected values assogi#ted normal distribution curve. This graph

further confirms data non-normality.
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Normal Q-Q Plot of Duration

Expected Normal

o©

T T
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Figure 10. Note: Normal distribution of data follows solid,qarar line. Plots represent
observed data values.

A Detrended Q-Q plot of the data against a norrigitidution curve provides an even
more effective tool for observing data deviaticentting. For reference purposes, a normal

distribution plot would follow the horizontal zed®viation line.

Detrended Normal Q-Q Plot of Duration

Dev from Normal

-2

T T T T
o 200 400 600 800

Observed Value

Figure 11. Note: Alternative display of observed values vensermal distribution model.
Normal distribution of data follows solid horizohtime. Plots represent observed data values.
This observation of non-normality was parametnctdisted using a Shapiro-Wilk test of

Normality with a significance alpha of90.05. The results of this test yielded a sigaifice of
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p < 0.000, which provided verification of the visaasumption that the data was not normally
distributed. The result of the Shapiro-Wilk tealied for a transformation of the data to meet one

of the requisite assumptions for using the GLM Amwid model.

Data Transformation Procedures

A logarithmic transformation was selected to gateea near-normal data distribution,

based on the equation:
Y = log(Search Hours + (1/6))

It is notable that this equation was later foumddntain an unnecessary error. Upon
initial examination of the descriptive statistiosSPSS, the reported range was listed as 0 to 720
hours. To correctly apply a logarithmic transfotim@, an arbitrary additive transformation shift
of (1/6) was added to all data points to preveatpgérforming a log calculation of zero for the
minimum data point. This step was taken becausbamatically, the log of zero is undefined.
Unfortunately, this step was later found to bermoe because the minimum data point was not in
fact zero, but was rather found to be 0.4. Itssuaned that the SPSS program rounded this
minimum value down to zero since it was less th&n This oversight was not discovered until
after SPSS calculations had already been perfoomed| hypothesis questions.

This is likely a common mistake for many SPSS sis&s it was not expected for the
statistical program to round summary descriptiagistical values. While it would be unlikely
for an aircraft crash to result in an instantandmg; the search duration values are predicated on
AFRCC's operational procedures. If an aircrafbésted prior to an official mission being
opened, it is theoretically possible to have adeduration of zero. Without knowing about the
SPSS rounding procedure, the only other metho@tfoting this error would be to scour the
dataset's 365 individual data points. A correcti@s applied to the descriptive statistics
reporting in the prior portion of this chapter tcarately reflect the correct range information.

The researcher elected to retain the results diiypethesis testing statistics, despite the flaw.
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Since the (1/6) additive was applied uniformly Badata points, this error merely complicates
retransformation of the logarithmic data back tarel duration in hours by requiring the
additional step of correcting for the (1/6) shift.does not adversely affect the significance
testing results, as it produces no change in viéitiab

The resulting data transformation yielded a histogthat much closer approximates a
normal distribution. In addition to the visualteigram, a further Q-Q plot of transformed data

conforms closely to expected normal values.

Histogram
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=365
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logdur

Figure 12. Following data transformation procedure, histagia more characteristic of a
normal distribution.
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Normal Q-Q Plot of logdur
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Figure 13. Note: Normal distribution of data follows solid,qudar line. Plots represent
observed data values.

Detrended Normal Q-Q Plot of logdur
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Figure 14. Note: Alternative display of observed values vensermal distribution model.
Normal distribution of data follows solid horizohtime. Plots represent observed data values.

While the Detrended Q-Q plot of the transformethddows some deviation from the

normal curve, it should be noted that the X-axeessomewhat distorts the fact that this
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deviation is extremely slight in scale.

To parametrically confirm success of the transkmirdata, a further Shapiro-Wilk test
was performed against the transformed data. Agfaénstatistic was tested against an alpha
significance level of g 0.05. The resulting test yielded a significantp=0.059, value slightly
higher than the established alpha value. As dtréisa null hypothesis of normality is retained.
The lack of significance in this test indicates ttasformed data displays relatively normal
characteristics.

The ultimate purpose of this relatively drawn mahsformative process was to meet the
requirements of data normality. The successfuisfiamation of the data to meet the Shapiro-

Wilk Normality Test effectively meets the third regement for use of the GLM Analysis Tool.

Data Homogeneity

Homogeneity of Variance is the second criterid thast be statistically established to
justify use of the GLM Analysis Tool. The GLM texgj for homogeneity was carried out in three
parts. Three separate Levene Tests for Homogeoieitgriance were conducted against ELT
data, cellular phone forensics data, and radanéice data. Transformed data was used for the
test. In order to justify using the GLM Analysiedl for hypothesis testing, all three tests must
yield non-significant results.

The Levene Test for Homogeneity of Variance yidltiee following results:
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Table 4

Levene Test for Homogeneity of Variance

Category Levene Statistic dfl df2 Sig
ELT* 4.672 3 360 .003
Cellular Phone Forensics 1.252 1 363 .264
Radar Forensics 8.977 1 363 .003

*Assessment contained one variable with only alsidgta point (GPS-Aided 406 MHz). This
variable was ignored when computing the Levene &ssho variability can be calculated from
one data point.

The resulting Levene test indicated significantutssfor the ELT and Radar Forensics
independent variables when compared against thélested alpha level of §0.05. As a result,
the Levene Test indicates the null hypothesis ahblgeneity of Variance must be rejected.

Since the Homogeneity of Variance condition wastécal assumption to the use of the GLM

Analysis Tool, this approach must now be abandoned.

Hypothesis Testing

Since the data failed to meet the assumption rexangints of the GLM Analysis Tool,
alternative statistical methodology was used tbtteshypothesis statements as detailed in

chapter three.

Research Question 1 Hypothesis Testing

R-1: Do ELTs significantly affect search durafton
Hi.a: There is a significant difference in search tare for aircraft equipped
with any ELT than those not equipped with an ELT.

Hio: There is no significant difference in searchadions for aircraft equipped
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Table 5

with any ELT than those not equipped with an ELT.

Descriptive Statistics for Missions by OperatioBaIT Availability

Statistic No ELT Operational ELT Total
N 226 139 365
Mean 1.2495 (17.60) 1.1390 (13.61) 1.2074
SD 0.53491 (3.26) 0.39815 (2.33) 0.48975
SE 0.03558 (0.92) 0.03377 (0.91) 0.02563
95% CI (L) 1.1794 (14.95) 1.0722 (11.64) 1.1570
95% CI (V) 1.3196 (20.71) 1.2058 (15.90) 1.2578
Minimum -0.25 (0.40) 0.14 (1.21) -0.25
Maximum 2.86 (724.27) 2.73 (536.87) 2.86

Note: Logarithmic values reconverted into duratimurs represented in parenthesis.

This test made use of transformed data. Testitlgeohypothesis began by coding the

data into two groups. There were (N=226) casesrofaft searches which were not equipped

with an operable ELT and (N=139) which were equippith an operable ELT.

In order to use the ANOVA testing procedure, thiéofving criteria must be met:

1. Independent Observations - met as detailetiapter three

2. Data Distribution Normality - met by usingrisfiormed data as detailed in data

transformation procedure

3. Homogeneity of Variance - tested via Levenst B¢ Homogeneity



Table 6

Levene Test of Homogeneity of Variance for Openati&LT

Category Levene Statistic dfl df2 Sig

Operational ELT 12.058 1 363 .001

The resulting Levene Test yielded a p-value of.pé0, which exceeds the established
significance threshold of §0.05. It can be concluded that the data forteéssis not
homogeneous. As a result, the ANOVA testing praced¢annot be used. The alternative
Brown-Forsythe Test of Equality of Means test wasdiinstead and produced the following
results:

Table 7

Brown-Forsythe Test of Equality of Means for Operzsl ELT

Category Brown-Forsythe dfl df2 Sig
Statistic
Operational ELT 5.078 1 349.948 .025

The significance value was found to be p=0.025¢ckwivhen compared against the

established alpha level o&<p0.05, suggests rejection of the null for hypotbesie.

Research Question 2 Hypothesis Testing

R-2: Do ELTs with higher fidelity location accuasaresult in lower search durations?
H.a-a: There is a significant difference in search tarefor aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.a0: There is no significant difference in searchadion for aircraft equipped
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with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.
Table 8

Descriptive Statistics by ELT Type

Statistic Inop ELT  Pre-'09121.5  Post-'09 406 MHz GPS-406
MHz ELT 121.5 MHz ELT MHz ELT
ELT
N 226 112 14 12 1
M 1.2495(17.60) 1.1295(13.31) 1.3262(21.03) 1.0760(11.75) 0.3358(2.00)
SD 0.53491(3.26) 0.39236(2.30) 0.40079(2.35) 0.37011(2.18)
SE 0.03558(0.92) 0.03707(0.92) 0.10711(1.11) 0.10684(1.11)

95% CI (L)  1.1794(14.95) 1.0560(11.21) 1.0948(12.27) 0.8409(6.77)
95% CI (U)  1.3196(20.71) 1.2030(15.79) 1.5576(35.94) 1.3112(20.31)
Minimum -0.25(0.40)  0.14(1.21)  0.79(6.00)  0.46(2.72)  0.34(2.02)

Maximum  2.86(724.27) 2.73(536.87) 2.12(131.66) 1.63(42.49) 0.34(2.02)

Note: Logarithmic values reconverted into duratimurs represented in parenthesis.

This hypothesis began with a Levene Test for Hometyg of Variance to determine
which resulting t-test to use for the hypothesssing. The Levene test revealed the following:
Table 9

Levene Test of Homogeneity of Variance for ELT Type

Category Levene Statistic dfl df2 Sig

ELT Type 4.630 3 360 .003

*Assessment contained one variable with only alsidgta point (GPS-Aided 406 MHz). This
variable was ignored when computing the Levene &ssho variability can be calculated from
one data point.
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The Levene test suggests rejection of the null thggis of homogeneity of variance,
indicating the contrast test results should bevddrnot assuming equal variances.

The resulting contrast testing revealed the falhmwresults:
Table 10

Assigned Contrast Coefficients for Hypothesis 2A

Category Inop ELT  Pre-'09 121.5 Post-'09 406 MHz GPS-406
MHz ELT 121.5 MHz ELT MHz ELT
ELT
Hypothesis 2A 0 1 1 1 -3
Table 11

Contrast Test Results for Hypothesis 2A

Contrast Test Contrast SE t df Sig (2-tail)
Value
Assumes Equal Variances 2.5243 147146 1.716 360 .087

Does Not Assume Equal Variances  2.5243  0.15577 16.202 26.772 0.000

Since Equal Variances were not assumed, the irggpHvalue was found to be p <
0.000, which is highly significant when comparedtte alpha value of § 0.05. As a result, the
null for research hypothesis 2A should be rejected.
H.s.a: There is a significant difference in search tarefor aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.
H.e.o. There is no significant difference in searchatiion for aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.
Hypothesis 2B relied on data from the previousdreystatistic calculated for research

guestion 2A. The significance finding of p=0.008icated using contrast test results which did
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not assume equal variances. Contrast testingefararch hypothesis two produced the following

results:
Table 12

Assigned Contrast Coefficients for Hypothesis 2B

Category Inop ELT  Pre-'09 121.5 Post-'09 406 MHz GPS-406

MHz ELT 121.5 MHz ELT MHz ELT
ELT

Hypothesis 2B 0 1 1 -1 -1

Table 13

Contrast Test Results for Hypothesis 2B

Contrast Test Contrast SE t df Sig (2-tail)

Value
Assumes Equal Variances 1.0439 0.52436 1.991 360 .047
Does Not Assume Equal Variances 1.0439 0.15577 6.702 26.772 0.000

The resulting contrast test, using the p-valueasstiming equal variances was found to

be p < 0.000, a significant finding. This reswiggests rejection of the null for research

hypothesis 2B.

Resear ch Question 3 Hypothesis Testing

R-3: Does the lack of satellite monitoring of 2MHz ELTs result in higher search

durations?

Hs a: There is a significant difference in search tare from satellite

monitored 121.5 MHz ELTs and unmonitored ELTSs.
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Hso: There is no significant difference in searchadions for satellite monitored
and unmonitored 121.5 MHz ELTs.
Table 14

Descriptive Statistics by ELT Type

Statistic Inop ELT  Pre-'09121.5  Post-'09 406 MHz GPS-406
MHz ELT 121.5 MHz ELT MHz ELT
ELT
N 226 112 14 12 1
M 1.2495(17.60) 1.1295(13.31) 1.3262(21.03) 1.0760(11.75) 0.3358(2.00)
SD 0.53491(3.26) 0.39236(2.30) 0.40079(2.35) 0.37011(2.18)
SE 0.03558(0.92) 0.03707(0.92) 0.10711(1.11) 0.10684(1.11)

95% CI (L)  1.1794(14.95) 1.0560(11.21) 1.0948(12.27) 0.8409(6.77)
95% CI (U)  1.3196(20.71) 1.2030(15.79) 1.5576(35.94) 1.3112(20.31)
Minimum -0.25(0.40)  0.14(1.21)  0.79(6.00)  0.46(2.72)  0.34(2.02)

Maximum  2.86(724.27) 2.73(536.87) 2.12(131.66) 1.63(42.49) 0.34(2.02)

Note: Logarithmic values reconverted into duratimurs represented in parenthesis.
Hypothesis three also relied on the data from nebhe Homogeneity of Variance test

conducted for hypothesis 2A. The p=0.003 signifceafinding again suggested using results

from the contrast test which did not assume equafitvariance. For this test, the contrast

coefficients and resulting contrast test yieldeslfthilowing:
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Table 15

Assigned Contrast Coefficients for Hypothesis 3

Category Inop ELT  Pre-'09 121.5 Post-'09 406 MHz GPS-406

MHz ELT 121.5 MHz ELT MHz ELT
ELT

Hypothesis 3 0 1 -1 0 0

Table 16

Contrast Test Results for Hypothesis 3

Contrast Test Contrast SE t df Sig (2-tail)

Value
Assumes Equal Variances -0.1967 0.13779 -1.427 360 154
Does Not Assume Equal Variances -0.1967 0.11335 -1.735 16.274 102

The contrast test for hypothesis three revealgrafgiance of p=0.102, which is greater

than the established alpha level of .05. This indicates a failure to reject the hoflresearch

hypothesis three.

Research Question 4 Hypothesis Testing

R-4: Does the use of Cellular Phone Forensiecaffearch duration?

Hsa: There is a significant difference in search tlare of aircraft searches

that employ cellular phone forensics.

Hso: There is no significant difference in the seatahations of aircraft

searches that employ cellular phone forensics.
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Table 17

Descriptive Statistics for Cellular Phone Forensli¢se

Statistic No Cell Forensics Cell Forensics Total
N 261 104 365
M 1.1303(13.33) 1.4010(25.01) 1.2074
SD 0.48592(2.89) 0.44575(2.62) 0.48975
SE 0.03008(0.91) 0.04371(0.94) 0.02563
95% CI (L) 1.0711(11.61) 1.3143(20.45) 1.1570
95% CI (V) 1.1895(15.30) 1.4877(30.57) 1.2578
Minimum -0.25(0.40) 0.07(1.01) -0.25
Maximum 2.86(724.27) 2.71(512.69) 2.86

Note: Logarithmic values reconverted into duratimurs represented in parenthesis.

In order to use the ANOVA testing procedure, tHfaing criteria must be met:
1. Independent Observations - met as detailetiapter three
2. Data Distribution Normality - met by usingrisiormed data as detailed in data
transformation procedure
3. Homogeneity of Variance - tested via Levenst D& Homogeneity

The results from the Levene Test for Homogenéityariance yielded the following:

97



Table 18

Levene Test of Homogeneity of Variance for CellRlaone Forensics

Category Levene Statistic dfl df2 Sig

Cellular Phone Forensics 1.050 1 363 .306

The resulting significance factor of p=0.306 proglliby the Levene Test means the data
for hypothesis four meets the homogeneity requirdsi® conduct an ANOVA test. The
resulting ANOVA results yielded:

Table 19

ANOVA Test of Cellular Phone Forensics

ANOVA SS df Mean Square F Sig
Between Groups 5.450 1 5.450 24.167 .000
Within Groups 81.856 363 225

Total 87.306 364

The ANOVA results produced a significance of p.&0D, which exceeds the alpha

criteria of p< 0.05. As a result, the null should be rejecteddsearch hypothesis four.

Research Question 5 Hypothesis Testing

R-5: Does the use of Radar Forensics affect keamation?
Hs.a: There is a significant difference in search tlares of aircraft searches
that employ radar forensics.
Hso: There is no significant difference in the seatahations of aircraft
searches that employ radar forensics.
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Table 20

Descriptive Statistics for Radar Forensics Use

Statistic No Radar Forensics Radar Forensics Total
N 144 221 365
M 1.0115(10.10) 1.3351(21.47) 1.2074
SD 0.38130(2.24) 0.51071(3.07) 0.48975
SE 0.03177(0.91) 0.03435(0.92) 0.02563
95% CI (L) 0.9486(8.72) 1.2674(18.34) 1.1570
95% CI (V) 1.0743(11.70) 1.4028(25.11) 1.2578
Minimum -0.25(0.40) 0.03(0.90) -0.25
Maximum 2.12(131.66) 2.86(724.27) 2.86

Note: Logarithmic values reconverted into duratimurs represented in parenthesis.
Research hypothesis five was tested in the samaanas hypothesis four.

In order to use the ANOVA testing procedure, thHofeing criteria must be met:
1. Independent Observations - met as detailetiapter three
2. Data Distribution Normality - met by usingrisfiormed data as detailed in data
transformation procedure
3. Homogeneity of Variance - tested via Levenst B¢ Homogeneity

The resulting Levene Statistic revealed the follmaresults:
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Table 21

Levene Test of Homogeneity of Variance for Radaefsics

Category Levene Statistic dfl df2 Sig

Radar Forensics 9.774 1 363 .002

The Levene Test for Homogeneity of Variance resliltiea p-value of p=0.002, which
exceeds the established alpha threshold<o0®5. This means that the data is not homogeneous
and an ANOVA test cannot be used. The altern&iesvn-Forsythe Test produced the
following results:

Table 22

Brown-Forsythe Test of Equality of Means for RaBarensics

Category Brown-Forsythe dfl df2 Sig
Statistic
Radar Forensics 47.837 1 356.278 .000

The resulting Brown-Forsythe Test yielded a p-valfip < 0.000, a highly significant
value when compared against the alpha levelo0®5. As a result, the null should be rejected

for research hypothesis five.

Resear ch Question Six Hypothesis Testing

R-6: Does the use of multiple crash location gbators (such as ELTs, Cellular Phone
Forensics, and Radar Forensics) result in sheei@rch durations than if fewer crash
location contributors are used?

Hs.a: There is a significant difference in search tare if multiple crash

location contributors are used.
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He.o: There is no significant difference in the seatamations if multiple crash
location contributors are used.
Since the GLM procedure was abandoned due tdumddd meet the required
assumptions, the alternative Spearman Rho statists used to test research hypothesis six.
In order to use the Spearman Rho testing procethedollowing criteria must be met:
1) Data ScateMust use ordinal, interval, or ratio scale datée requirements
for this assumption were met and detailed in tdrahree.

2) Monotonic Relationship Between Variabléghis assumption was tested via

a scatterplot. To use the Spearman Rho statliséist, the data must show
consistent linearity throughout the range ofiagables.

A scatterplot of the dataset yielded the following
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Figure 15. Scatterplot reveals small, positive associatiomwbeh number of location
contributors and tranformed mission duration.
The scatterplot revealed a small, positive assoadtetween the logarithmic search

duration and the number of location contributorbis positive association meets the monotonic
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relationship requirement to perform the Spearmamn tekt.
The Spearman Rho analysis produced the follongsglts for research hypothesis six:
Table 23

Spearman's Rho Test for Hypothesis 6

Spearman's Rho Duration Number Contributors
Duration Correlation Coefficient 1.000 324

Sig (1-tailed) 0.000

N 365 365
Number Contributors Correlation Coefficient 324 1.000

Sig (1-tailed) 0.000

N 365 365

The resulting Spearman's Rho Test produced a gwlp < 0.000, a significant results
when compared against the alpha level gf(p05. As a result the null should be rejected for
research hypothesis six. Perhaps of further isteh®wever, was the manner in which the results
were significant. Instead additional location eidmittors producing a significant reduction in
search duration, the addition of location contribbsitactually produced a notable increase in

search duration. This relationship can be besteadevisually.
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Figure 16. Boxplot also reveals small, positive associatiotwieen number of location
contributors and tranformed mission duration.

Summary of Findings

The overall hypothesis findings are outlined ie table below. The null hypothesis was

rejected in all but one (H3) instance.

103



Table 24

Summary of Hypothesis Findings

Hyp Null Condition Statistical Test Result

H1 No duration dif for aircraft equipped with ELT vetn Brown-Forsythe Reject Null

H2a  No duration dif for GPS 406 vs 406 or 121.5 ELTs Contrast Test  Reject Null

H2b No duration dif for 406 vs 121.5 ELTs Contrast Test  Reject Null
H3 No duration dif in sat vs unmonitored 121.5 ELT Contrast Test Fail to Reject
H4 No duration dif for use of cell phone forensics ANOVA Reject Null
H5 No duration dif for use of radar forensics Brown-Forsythe  Reject Null

H6  No duration dif if multiple location contributotssed Spearman's Rho Reject Null

Chapter five will provide an analysis of the resuf each of these hypothesis statements

while attempting to explain their meaning and darall conclusions.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The study sought to determine the impact of var@wiation search and rescue
technologies and procedures on search duratior.stiuy evaluated the significance of ELTs,
cellular phone forensic analysis, and radar foreasalysis in reducing search and rescue
duration. The results of the study's hypothesirtg provided evidence to conclude that each of
the various ELTs and search methodologies exhilaitsignificant influence on search duration.

It was further expected that the collaborative afseultiple search methods would further reduce
search duration. Based on the General Additive RtiIProbability, it was generally expected
that each search technology or method would futbefine the mission search area and result in
even shorter search durations than if those metheds used independently.

The study was built upon previous ELT researcidooted by Hall (1980), Trudell &
Dreibelblis (1990), Chouinard (2000), Shaw (20@8gallace (2004), Keillor (2009), Gauthier
(2009), and Jesudoss (2011). Further literatwiewnewas conducted to provide a working
knowledge of cellular phone and radar forensiceguares, limitations, and considerations.

The study drew upon historical search and resateedkrived from Air Force Rescue
Coordination Center mission data from 2006 thro2@hl. A variety of statistical tests were
performed to determine the impact of various EL3tems, cellular forensic procedures and radar

forensic procedures on search and rescue durafibe.study yielded the following conclusions:
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Conclusions

The study was formulated around six hypotheses.

H-1:

H-2:

H-4:

Hi.a: There is a significant difference in search tares for aircraft equipped
with any ELT than those not equipped with an ELT.

Hio: There is no significant difference in searchadions for aircraft equipped
with any ELT than those not equipped with an ELT.

Haa: There is a significant difference in search tdarafor aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

H.ao: There is no significant difference in searchadion for aircraft equipped
with GPS-Aided 406 MHz ELTs than aircraft equigpeth 406 MHz ELTs or
121.5 MHz ELTs.

Hs.a: There is a significant difference in search tarefor aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

H.e.o. There is no significant difference in searchatiion for aircraft equipped
with 406 MHz ELTs than aircraft equipped with 12MHz ELTs.

H.a: There is a significant difference in search tares from satellite
monitored 121.5 MHz ELTs and unmonitored ELTSs.

Hso: There is no significant difference in searchadions for satellite monitored
and unmonitored 121.5 MHz ELTs.

H,.a: There is a significant difference in search tore of aircraft searches
that employ cellular phone forensics.

Hso: There is no significant difference in the seadohations of aircraft
searches that employ cellular phone forensics.

H_.: There is a significant difference in search tare of aircraft searches
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that employ radar forensics.
Hso: There is no significant difference in the seadohations of aircraft
searches that employ radar forensics.
H-6: Hs.a: There is a significant difference in search tare if multiple crash
location contributors are used.
He.o: There is no significant difference in the seatamations if multiple crash
location contributors are used.
Hypothesis One Conclusions
Hypothesis one utilized a Brown-Forsythe test gai&ity of Means to detect if a
statistical difference existed between the seauthtmbns of aircraft which were equipped with
any operational model of Emergency Locator Trarteménd aircraft that were not equipped
with an operational Emergency Locator Transmitferom the six years of historical aircraft
SAR data, 38% of aircraft (N=139) were equippedwih ELT, while 62% (N=226) were not.
The mean search duration for aircraft not equippigd an ELT on board was found to be the
log-duration of 1.2495, which translates to 17.@rso The 95% confidence interval of search
duration for aircraft not equipped with an openadibELT was found to be between 15.0 hours
and 20.7 hours. Conversely, the mean search dnorti aircraft equipped with an operational
ELT onboard was measured at 13.6 hours. The 9%fitdemce interval of search duration for
aircraft equipped with an operational ELT was fotmtbe between 11.6 hours and 15.9 hours.
By comparing the deltas of the 95% confidence watst, this represents a potential savings of
between 3.4 and 4.8 hours. The subsequent Browsyhe test revealed a high significance
finding of p=0.025, suggesting a rejection of thd hypothesis.
This finding was expected. In fact, the prepoadee of prior research on the subject of
ELTs performed by Chouinard (2000), Shaw (2003, fallace (2004) all supported this
finding. It is significant to note, however, thhe search duration for aircraft without operationa

ELTs have dramatically fallen in recent years. sT$tiift could be due in part to alternative, non-
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ELT search techniques such radar and cellular pfareesics.
Table 25

Summary of ELT Effectiveness Findings of Previoudi&s (Measured in Hours)

Study Year Operational ELT None/Non-Operational ELT
Trudell & Dreibelbis 1990 12.4 103.0
Chouinard 2000 8.1 53.0
Shaw 2003 6.8 40.7
Wallace 2004 12.2 25.3
Current Study 2013 13.6 17.6

Conversely, search durations for aircraft equippigd emergency locator transmitters
have remained relatively unchanged since Truddlr&belbis' 1990 study. In fact, the mean
search durations for all previous studies for aitoequipped with an operational ELT fall within
three standard deviations of the findings of thislg.

It can be reasonably concluded that Emergencytbodaansmitters still play a
significant role in reducing search and rescuetthmahowever, it would appear that improved
methods to locate aircraft not equipped with EL&gerapidly eroded the magnitude of search
duration differences.

Hypothesis Two Conclusions

Hypothesis two incorporated a two-part, orthogamaitrast test to determine if new
model Emergency Locator Transmitters yielded sigaift advantages in search duration over
older models. The results of this test have widEsmhimplications, as pilot advocacy groups are
vehemently claiming that newer model ELTs do néerod significant advantage over older
modes (Akatiff, 2013b). Conversely, advocatesesier 406 MHz models and government

regulators are adamant that pilot groups shouthtelnd allow an industry-wide mandate to
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transition to 406 MHz ELT models (Akatiff, 2013a) significant finding in this area could
provide statistical scientific evidence to put thataims to rest.

Based on the General Additive Rule of Probabilityyas expected that newer, more
accurate 406 MHz ELT models would dramatically domfa search area resulting in
substantially shorter search durations than ol@&r5LMHz models. In fact, it was even expected
that this duration reduction would also looselyretate to the relative accuracy of each
respective ELT unit. The expectations of this testesponded to the model below:

Search Duration: 121.5 MHz ELT > GPS-Aided 406 MELZT

121.5 MHz ELT > Any 406 MHz ELT

Descriptive statistics indicated that GPS-Aide@ 8#Hz ELTs were located in 2.0 hours.
This low duration to locate GPS-Aided 406 MHz ElWas substantially lower than 406 MHz
ELTs, which required a mean duration of 11.8 heoilecate. This also represents a significant
advantage over older 121.5 MHz ELTs. The dataaledethat 121.5 MHz ELT missions
conducted from 2006-2008 prior to the cessatiosetéllite monitoring required a mean duration
of 13.3 hours to locate. After 2008, the mean tlmao locate an aircraft with a 121.5 MHz
ELT jumped to 21.0 hours. The 95% confidence \ratksrfurther highlight the advantage of
GPS-Aided 406 MHz ELTs.

Table 26

Confidence Intervals of ELT Effectiveness Measurétburs

Confidence Interval Pre-'09 121.5 Post-'09 121.5 406 ELT GPS-406 ELT
95% CI (L) 11.2 12.3 6.8 2.0*
95% CI (U) 15.8 35.9 20.3 2.0*

* Category contained only one data point.
The orthogonal contrast test comparing both p@932ihd post-2009 121.5 MHz ELTs,
406 MHz ELTs, and GPS-Aided 406 MHz ELTs resulted isignificant finding of p < 0.000.
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This significance test suggests rejection of tHehypothesis.

It is important to note, however, that the dataosdy contained one data point for GPS-
Aided 406 MHz ELTs. Given the lack of additionaitd, it is impossible to draw firm
conclusions about the effectiveness of GPS-Aidé&gIMBiz ELTs without assuming that the
single data point is representative of other GP&Ai406 MHz ELT missions.

To further assess this challenge, the data wapad against the expected values of
ELT duration, based solely on the relative accuaye various ELT models. ELT accuracy

for each of the various models was reported byX8EG.

406MHz Location Accuracy

Search Area Reduced By A Factor Of 45 Times

406.025 MHz Beacon 406 MHz Beacon w/ GPS
Location Accuracy = 2.0 nm Location Accuracy = 0.21 nm
Search Area = 12.5 nm? Search Area = 0.15 nm?

I>1.5 MHz Beacon
Location Accuracy = 12nm
Search Area = 452nm?

Figure 17. Displays visual depiction of location fidelity @21.5 MHz, 406 MHz, and GPS
Assisted-406 MHz ELT models. Adapted from "Seand Rescue Satellite Aided Tracking
System" [PowerPoint Presentation], by USCG, matrieved from
http://www.uscg.mil/hg/cg5/cg534/EmergencyBeacorsf@06ELT.ppt. Public Domain
Document.

The duration of pre-2009 (satellite monitored) BElwWas used as a baseline. An expected
search duration ratio was calculated by compafiegsizes of the of the search area of each ELT

type as a percentage of the baseline. This cosgradan be seen in Table 27.
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Table 27

Location Accuracy of Various ELT Systems Compardd®1i .5 MHz Baseline

ELT Type Location Accuracy Search Area Ratio
121.5 MHz ELT (Satellite Monitored) 12.0 NM 452 NMP Base
406 MHz ELT 2.0 NM 12.5 NM 2.8%
GPS-Aided 406 MHz ELT 0.21 NM 0.15 NM 0.033%

Table 28 shows the mean post-crash search dulatigh T type, as a function of the
mean search duration for 121.5 MHz ELTs, which fednthe baseline. The time advantage of
406 MHz and GPS-Aided 406 MHz ELTs did not appedrd as substantial as the comparable
search area reduction. This may indicate the poesef a previously unevaluated confounding
variable.

Table 28

Mean Search Duration of Various ELT Systems Contperd21.5 MHz Baseline

ELT Type Mean Duration (hrs) Actual Ratio

121.5 MHz ELT 13.3 Base
406 MHz ELT 11.8 88.7%
GPS-Aided 406 MHz ELT 2.0 15.0%

While this analysis did suggest that more accuraidels did enjoy an advantage in
search duration over less accurate models, thalasgarch durations did not correspond to the
ratio predicted by their relative search area amur This extra analysis revealed little additiona
tangible data on which to base any conclusions.

While the statistical testing for research hypsth@A suggested rejection of the null, it
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would not be prudent to accept the alternative thygsis as wholly conclusive, given the lack of
data points on which to assess GPS-Aided 406 MEbealuration. As a result, the only
reasonable conclusion to draw is that the limitegilable data suggests that GPS-Aided 406
MHz ELTs require less time to locate than other Ebddels, however, additional research is
required to validate this prediction.

The second part of hypothesis two was designéestaf the search durations of any 406
MHz ELT was significantly different than search dtions for 121.5 MHz ELTs. Orthogonal
contrast testing revealed a significance value ©f0p000, indicating a rejection of the null
hypothesis. This finding is much more reliablenttiae first part of hypothesis two, as there were
(N=13) data points for 406 MHz ELTs. This signéfit finding was expected, as it was
reasonable to conclude that newer ELT models witkatl yield a subsequent advantage in
search duration due to their increased locatioglifid Despite the significant finding, the
magnitude of the search duration advantage wasaasty as large as expected.
Hypothesis Three Conclusions

Hypothesis three was conducted utilizing a ortmag@ontrast test to determine if there
was a significant difference in the aircraft seatahations between 121.5 MHz ELTs which were
monitored by the COSPAS-SARSAT system and thosetwivere not. The results of this test
provide further evidence for both pilot advocacgugps and government regulators seeking
mandatory 406 MHz transition. With the cessatibh21.5 MHz ELT satellite monitoring by the
COSPAS SARSAT system on February 1, 2009, goverhiregulators have been continually
pushing to implement a mandatory 406 MHz ELT tramsiprogram (AOPA, 2011).
Conversely, pilot advocacy groups retort that 124ty ELTs are still effective search tools,
even without satellite monitoring (AOPA, 2011).

This hypothesis test was conducted using 126sdsa which included 112 pre-2009
121.5 MHz ELT missions and 14 post-2009 121.5 MHZ Enissions. Descriptive statistics for

this hypothesis test revealed that satellite moaitd21.5 MHz ELT searches conducted prior to
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2009 were located in a mean of 13.3 hours, whiteanitored post-2009 121.5 MHz ELT
missions required a mean of 21.0 hours. Whilemibans of the two groups differed by nearly 8
hours, the 95% confidence intervals were strikirgjhgilar, with post-2009 121.5 MHz ELTs
exhibiting a slightly lengthier confidence interval

Table 29

Confidence Interval of Satellite Monitored and Umitared ELTs by Search Duration

Confidence Interval Pre-'09 (Monitored) ELT Post-'09 (Unmonitored) ELT
95% CI (L) 11.2 12.3
95% CI (V) 15.8 35.9

Results of the contrast testing yielded a prolighiblue of p=0.102, an insignificant
finding. The results indicate a failure to rejdet null hypothesis and conclude that there is no
significant difference in the search durations lesmwunmonitored and satellite-monitored 121.5
MHz ELTs.

While this conclusion was not the expected resulthis study, it was not a completely
surprising finding. The AOPA and FAA have emphadithat despite the lack of satellite
monitoring, 121.5 MHz ELTs are not yet obsolete atitienjoy ground based monitoring by
search and rescue organizations like the CivilRstrol (AOPA, 2011).

Hypothesis Four Conclusions

Hypothesis four sought to determine if there wagaificant difference in the search
durations for missions which incorporated cellyghone forensic search methodology over
missions which did not. The hypothesis utilize® 8@ta sets, of which 104 missions utilized
cellular forensic techniques and 261 missions did Descriptive statistics revealed that
missions utilizing cellular forensic methods wesedted in a mean duration of 25.0 hours.

Conversely, missions which did not utilize cellularensic information required a mean duration
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of only 13.3 hours.

The hypothesis test was conducted using an Arsabfs¥ariance and resulted in a highly
significant finding of p < 0.000. This level ofysiificance suggested rejection of the null
hypothesis and conclusion that there is a signifidifference in search duration for missions
which use cellular phone forensics over those whhot.

While it was expected that a significant differerxisted between missions that utilized
cellular phone forensic information, it was not egfed that those forensic missions would result
in longer search durations than those which didusetforensics. Despite this unexpected
finding, there are a number of possible explanation this result. First, the study did not
account for when during the course of the seardsions cellular phone forensics were utilized.
It is possible that these forensic methods werg emiployed after exhausting traditional search
methods. Moreover, additional delays in employaetular phone forensic methods could likely
have been encountered, since cellular data ismoediately available to the AFRCC like ELT
information or radar data. Critical cellular phantrmation used in the forensics process such
as cellular phone number and carrier company isrgdlg provided by a missing victim's family
members. Finally, some delays could be due tatiadysis process itself, since forensic
information cannot be derived instantaneously witlaareful expert interpretation. Further
study of this topic is necessary to explain whysigiss that incorporate cellular phone forensics
require longer durations than those that do nothisesearch method.

While a firm conclusion as to why search duratiaese longer for missions utilizing
cellular phone forensics could not be establistteglstudy did reveal another interesting finding.

The use of cellular forensics in aviation searath @scue missions is proportionally increasing.
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Forensics Usage By Year
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Figure 18. Shows substantial increase in the proportion dfi loetlular and radar forensics usage
after 2009.

As revealed by the Forensics Usage figure predatieve, the proportion of missions
utilizing cellular forensics has steadily increasette 2009. It is likely that this shift is due i
part to the cessation of 121.5 MHz ELT satellitenitaring. As is clearly displayed in the figure
below, the proportion of missions with ELT data daspped considerably after 2009, leaving
search and rescue managers few alternatives thratyton cellular and radar forensic search

methods.
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Mission Distribution By ELT Type
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Figure 19. lllustrates increase in proportion of non-ELT miss after 2009. The number of 406 MHz
and GPS-Assisted 406 MHz missions are relativelyimml.

Hypothesis Five Conclusions

Hypothesis five sought to determine if there waggyaificant difference in search
duration for search and rescue missions that ediliadar forensic analysis over missions which
did not. This hypothesis incorporated 365 dats, $etluding 221 missions which utilized radar
forensic methods and 144 missions which did nota $imilar fashion to research hypothesis
four, descriptive statistics revealed that the nmszarch duration for missions which incorporated
radar forensic methods was higher than those missitich did not utilize radar forensics.
Radar forensic missions required a mean durati@1i & hours, whereas missions which did not
utilize radar forensics were performed in merelylfiours. The subsequent Brown-Forsythe
Test of Equality of Means revealed a highly sigrfit difference (p < 0.000) between the
durations of radar forensic missions and missionghvdid not use radar forensics. As a result,
the null hypothesis was rejected. It can theref@reoncluded that there is a significant
difference in the search durations of missions Whittlize radar forensic methodology and those
which do not.

Like the findings for cellular phone forensic nmsss, this finding was also unexpected.
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It was originally anticipated that missions whidllized radar forensics would require
significantly shorter durations than those whicth ot utilize radar forensic techniques.

Some of the same justification used in hypothiegisto explain the unexpected finding
can also be applied in hypothesis five. Similainypothesis four, the study did not attempt to
ascertain when forensic methods were pursued dthvengourse of search missions. It is
possible that radar forensic information is notgddwnless more traditional search and rescue
methods have been exhausted. Furthermore, sogmal be due to the forensic process itself,
as analysts must pour over recorded radar daterigednformation useful to rescue personnel.

Further confounding the unexpected finding isitlieeased access rescuers have to radar
forensic information. Unlike with cellular phonarénsics which require direct coordination with
cellular phone companies, raw radar informatiomdge readily accessible for forensic analysis.
This is due to the long-established relationshipbiaformation exchange agreements between
the Federal Aviation Administration, military, selrand rescue managers, and forensic analysis
experts.

Clearly, more research is warranted in this avedetermine why missions which
incorporate radar forensic information require lendurations to locate than those missions
which do not utilize this data.

Hypothesis Six Conclusions

Research hypothesis six attempted to ascertaiexiseence of a cumulative effect if
multiple search and rescue methods were usedatelaccrashed aircraft. This hypothesis was
tested using a Spearman Rho test, based on theenwfriocation contributors used to locate a
crashed aircraft. Location contributors included'g, cellular phone forensics, and radar
forensics. The data included 36 cases in which eentributors were used; 202 cases where one
contributor was used; 119 cases where two contibwtere used; and 8 cases where 3
contributors were used. The resulting SpearmamsdRrrelation coefficient was 0.324, which

was based on the transformed log-duration. Whek-tvansformed, this equates to a correlation
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coefficient of 2.1 hours for each additional looatcontributor used. The subsequent
significance test yielded a highly-significant fing of p < 0.000, which suggests rejection of the
null hypothesis. As a result, it can be concluthed there is a significant difference in the sharc
duration of search and rescue missions if muliipdesh location contributors are used.

While it was expected that the use of multipleatemn contributors would produce a
significant finding, the direction of correlatiora® surprising. Based on the General Additive
Rule of Probability, it was expected that the addibf location contributors would result in a
negative correlation coefficient when plotted agasearch duration. It seems rather unintuitive
that the use of additional search mediums wouldadigtprolong search duration.

There are several probable explanations for thiirfg. As previously mentioned in the
explanations of hypotheses four and five, the stlidynot account for the delay in employing
various search methods. It is possible that th@l@yment of additional search methods were
sought after exhausting a previous search metkodexample, if AFRCC controllers could not
ascertain ELT information, they would then attemgpbbtain radar forensic data. If radar
forensic data produced no tangible search regh#s, cellular phone data could be sought.
Additionally, it is possible that the time requirexdcomplete the various forensic processes may
be contributing to the delay. Without a carefuhlgeis of AFRCC standard operating procedures

and detailed mission records, it is only possibledeculate about these explanations.

Aviation Search & Rescue Stakeholder Recommendations

The culmination of subject literature, anecdotadlence, and research conclusions yield
several operational and practical consideratiorséremmline the search and rescue process. The
following recommendations are proposed:

Pilotsg/Aircraft Operators

While the study revealed that cellular forensialgsis did not significantly reduce search
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and rescue duration for missions included in theystit is clear that cellular forensic methods

are becoming an increasingly-used tool in seardrescue. In order for search and rescue

managers to effectively utilize cellular forensietimods, the following criteria must be met:

Rescuers must obtain the cellular phone numbecamnder company.

The cellular phone must be powered on to genessiudata.

Without meeting the aforementioned criteria, tee af cellular forensic analysis

methods will not provide usable data. As a reslét,following pilot recommendations are

posed:

Ensure family or friends are aware of any carrielibtar phones and the carrier that
services them. Be sure to keep family of frienpisraised of route of flight as well
as anticipated departure and landing times.

Ensure cellular phones are charged prior to flagid keep them powered. Do not
turn on "airplane mode", or other transmit inhitgtisetting.

Always file an FAA flight plan. Be as specific pgssible with the route of flight, as
this information is used during radar forensic gsial When filing an FAA flight
plan, be sure to include the carried cellular phom@ber and carrier company. This
is appropriate in block 14 "Pilot's Name/Addresg#gphone Number/Aircraft Home
Base. In block 14, an appropriate input would"8ehn Doe, 125 West Ave
Oklahoma City, OK, (123) 456-7890 (ATT), Wiley Pdstport". This may
alternatively be included in block 11 "Remarks".s@&mple inclusion would be:
"Pilot-carried cellular phone number (123) 456-7880viced by AT&T".

When flying VFR, take advantage of Air Traffic CouitFlight Following Service.
While this service is offered on a workload-permdtbasis, it creates a location
record of the aircraft's whereabouts. Using flifglifiowing also creates valuable

radar forensic information in the event of a aiftagcident. Radar forensic analysts
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can follow both radar and air traffic control voiordings to gain additional

forensic information.
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Aircraft Owners
o If not utilizing 406 MHz or GPS-Aided 406 MHz ELEboard aircraft, be sure to
upgrade to one of these models as soon as practical
e One of the key advantages of new 406 MHz ELTsesathility to identify the
affected aircraft via a discrete beacon code. $yétem is only effective if the
beacon is registered with the National Oceanic &@éd¢pheric Administration.
Beacon registration can be accomplished at:
http://www.beaconregistration.noaa.gov/.

¢ If also the operator of the aircraft, make a natthe additional information field of

the aircraft information section noting the cellytdnone number and carrier
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information. A sample inclusion would be: "Pilkafried cellular phone number
(123) 456-7890 serviced by AT&T".
e When changing phone numbers or carrier companguteeto update the 406 beacon

registration.
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Radio Equipment (Check ai that apgty)
CIVHF [OMF  [JHF (1S58 [ Other

Emergency Contact Information jeieass indicate sameone athar than the owner

MName of Primary 24-Hour Emergency Contact: Mame of Alternate 24-Hour Emergency Contact:
Telephone Telephone
{55 T aome [T wiom [ Calatar [ Fax (] cther. el | some[_Iwor [ Coliutar [_] Fax [ cther
|: } ] e [ e ] Coathutar ] P [ ot |: i ] e[ wierk [l Gamiar ] B2 ] othar
(== Vo | wioes [ ot £ P [ Dther (L ] vime [ vtiors [ Cotmtr [ P [ o
(==Y [0 viomm [ ok ] Cothater 5] it (51 ot == [l vome [ wbors [ Gater ] P[] other
Signature Date _
1 you have any Guestans about 1 form o wilh ELT regtration in ganaral, pleasa ol 1-868-212-BAVE (1283) or 301-817-4515 OMB Auth [62E-(285) Expires: 31AUGZO14
Fex informatian an the LS. Search & Rescue Satelite-Aided Tracking system, nleass visit: www Sarsal noan gov Rev. 192011

Figure 21. ELT Registration Form shows various fields contdiime406 MHz ELT registration
process. Adapted from "Official 406 MHz Beacon Ragtion," by NOAA, n.d., retrieved from
https://beaconregistration.noaa.gov/rgdb/formgeit. Printed with permission.

National Oceanic and Atmospheric Administration

o While the 406 MHz ELT registration form includesliis for aircraft owner/operator
121



telephone numbers, it would be helpful to includiell designated for emergency
search forensics. Such a field might include thdaation "carried cellular phone
number which can be traced in an emergency". Alitiadal field for cellular phone

carrier should also be included.

Air Force Rescue Coordination Center

Implement use of Tactical Mapping software. Curagrerational standards require
radar and cellular forensic experts to report tssu& open-source products such as
Google Earth, images, or video. The process @ititrg these products takes time
and eliminates potentially useful data that coddubed by AFRCC controllers or
search managers. If Tactical Mapping software wapemented, forensic experts
could seamlessly exchange forensic products wetkning all collected data.
Moreover, the time required for forensic expertprtoduce alternative products,
however brief, adds to the delay of disseminatiaysh data to front line rescue

personnel.

Federal Communications Commission

Reuvisit lifting 47 CFR 22.925 restrictions. Whilds ban was originally under
review in 2004 for dismissal, the FCC determinduhid not received enough
technical data from stakeholders to verify th#itght cellular phone use would not
cause interference in the cellular network (FC@,)n.Removal of this restriction
would allow cellular phones to remain activatedight at the discretion of the pilot
in command. Left activated, cellular phones c@dderate a valuable forensic trail
for search and rescue operations.

Defer regulation of 406 MHz ELT transition to thederal Aviation Administration.
Akatiff (2013b) noted that several comments coéidaduring the notice of proposed

rulemaking criticized the Federal Communicationsn@ossion in attempting to
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implement aviation policy and infringe on the rofehe Federal Aviation
Administration. This political move may foster stbetween pilot groups and
government regulators to successfully implemer@@&MHz ELT transition
program. Pilot groups are concerned are wary dabeutost of 406 MHz ELT
implementation (Akatiff, 2013b). Handing over ré&gion of this function to the
FAA may allay some of the stakeholder backlasipilas groups are more likely to
accept regulation by an entity that understand$aheeaching consequences to the

aviation community.

Federal Aviation Administration

Advertise the decreasing costs and expected lotygeil06 MHz ELT technology.
The cost of implementing new 406 MHz technologygfisital concern to many pilot
groups. Moreover, some stakeholders are concettnaat the lifespan of new 406
MHz beacons. Many would be adverse to purchasmgnabeacon only to see it
phased out in favor of new technology within ateradf years. Some of this
hesitation is likely caused by the significant estpd expense of transitioning aircraft

to the FAA's new "NextGen" system standards.

Recommendations for Future Research

This results of this study produced just as mamstjons as it sought to answer. The

unanticipated findings of several of the hypothesdisfor additional research. The following

items warrant further study:

GPS-Aided 406 MHz ELT Effectiveness

While the study showed GPS-Aided 406 MHz beacoieyed a significant advantage

over other ELTs in minimizing search and rescuetiom, the results are not wholly conclusive.

The overall lack of data points in the study faisupply the necessary reliability to make
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definitive comments. Further research is warrattedketermine if the same conclusion can be
reached using additional data.
Cellular Forensic Analysis

Results of cellular forensic analysis testingdgéel the unexpected finding of
significantly increasing search and rescue duratieurther study is recommended to determine
why search duration increases as a result of intjithese procedures.
Radar Forensic Analysis

In the same manner as cellular phone forensiesysb of radar forensic procedures also
produced an unexpected, significant increase irceeturation. Additional research is
recommended to determine why this unintuitive inse2occurs when utilizing radar forensic

procedures.
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Oklahoma State University Institutional Review Board
Request for Determination of Non-Human Subject or Non-Research

Federal regulations and OSU poli:;y require IRB review of all research involving human subjects. Soma categories
of research are difficult to discern as to whether they qualify as human subject research. Therefore, the IRB has
established policies and procedures to assist in this determination.

1. Principal Investigator Information

First Mame: Middle initiai: Last Name. ..
Ryan ) J Wallace )
Department/Division: App.ued Educational Studies- | College. Education ,
AVED :
Campus Address: N/A i Zip+4: NIA )
Campus Phone: NiA Fax: NJA Email: ryan wallace@oksiate.edu

Complete if Pl does not have campus address:
Address: 1135 Lake Washington Blvd N Apt G509 City: Renton '

State: VWashington Zip: 98056 Phone. 405-208-9239

2. Faculty Advisor (complete if P is a student, resident, or fellow) [ ] NA

Facuity Advisor's name: Todd P. Hubbard Title: Associate Professor, Aviation {Qklahoma
State University)

Department/Division: Aviation Callege: Continuing Education

Campus Address: 1700 Lexington St, Norman OK Zip+4: 73069

Campus Phone: 405-325-?231 Fax: Nia . Email. Todd.P.Hubbard-1@ou.edu

CP: 405-474-5199

3. Study Information:

A Title
Effect of Advanced Location Methods on Search and Rescue Duration for General Aviation Accidents in the
Contiguous United States

B. Give a brief summary of the project. (See instructions for guidance)

The purpose of the study is to determine the extent of which new ELT devices such as 406 MHz Emergency
Locator Transmitters {ELTs), GPS-aided ELTs, radar forensics, and cellular phone tnangu1ahcn impact .
aviation search and rescue duration. :

The researcher poses the following research questions:
1} How many hours does it take to locate an aircraft crash site that does not have an operational ELT?
2) How many hours does it take to locate an aircraft crash site with an operable 121.5 MHz ELT?
3} How many hours does it take to locate an-aircraft crash site with an operable 406 MHz ELT?
4) How many hours does it take to locate an aircraft crash site with an operable GPS-Assisted 406 MHz
ELT? .
5} Isthere a sngnlfcanl difference (p € - 05} in the search durations of 121.5 MHz, 406 MHz, and GPS- o
Assisted 406 MHz ELTs?

6} Towhatextend (in hours} does radar forensic analysis reduce search and rescue duration?

7) To what extent (in hours) does celiular phone triangulation reduce search and rescue duration?

Revision Date: (42006 3ofs
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Oklahoma State Uriiversity Institutional Review Board ‘

Request for Determination of Non-Human Subject or Non-Research

The researcher will request historical data sets from the Air Force Rescue Coordination Center (AFRCC), Lndau
AFB, Florida via a Freedom of Information Act request. Specific data requested wiil be general aviation crash
data occurring between 1 January 2008 and 31 December 2011. Data sets will be limited to: the year of intident,
type of ELT in operation aboard the incident aircraft, efapsed duration to locate the crash site, and the posifive or
negative use of both radar ferensic analysis and cellular phone triangulation. The researcher will request the
AFRCC sanitize all mission infarmation for personally identifiable information including crew or passenger
names, incident date, location, affected aircraft tail number, or other applicable data.

The researcher wili categorically determine the mean search duration for each ELT type. The researcher will
then conduct an ANOVA between the ELT sets and subseguent Tukey-Kramer tests to determine significant
differences. The researcher will use a 2X2 ANOVA test to measure the effects of 406 MHz ELT types. cellular
phone tnarsgulatlm and radar forensn:: analysis.

C. Desgribe the subject populationftype of datatspeclmens to be studied. (See instructions for guidance)
The population for the study encompasses all pilots that experienced an aircraft crash between 1 Jam.}ary
2006 and 31 December 2011, which inibated an Air Force-sponsored search. The data may also affect
passengers or family members of these pilots. The data set is likely to affect both individuals who are [living
and deceased. Specific data requested wili be general aviation crash data cccurring between 1 January
2006 and 31 December 2011, Data sets wili be limited to: the year of incident, type of ELT in nperation
aboard the incident aircraft, elapsed duration to locate the crash site, and the posilive or negaln.re use of both
radar forensic analysis and cellular phone triangulation. Due to the Iype of data requested, itis meos#thle
for the researcher to determine the ages of affected subjects, however, the minimum age for & pilot to solo in
an aircraft is 16. The researcher will have no contact with the subjects, nor wnll any of the 18 unique Pl

items be available to the researcher at any time.
4. Detemlinalion ol “Remrch"
45 CFR 46.102{d): Ressarch means a systemalic investigation, including research development, testing and
evaluation, designed to develop or contribute to generalizable knowledge. Activities which meet this defin ition
constitute research for purposes of this policy whether or not they are conducted or supported under a program
which is considered research for other purposes.
. ¥
One of the foflowing must he “no” to qualify as “non-research”:
A. Wil the data/specimen(s) be obtained in a systematic manner?
CINe [XYes
B. Will the intent of the data/specimen callection be for the purpose of contributing to generalizable knowjedge
(the results (or conclusions) of the activity are intended to be extended beyond a single individual or an
internal program, e.g.. publications or presentanuns}"
OONe X Yes
§. Determination of “Human Subject”.
45 CFR 46.102(): Human subject means a living individual about whom an mvestlgator (whether professional or
student) conducting research obtains: (1) data through intervention or interaction with the individual or (2)
identifiable private information. Intervention includes both physical procedures by which data are gathered (for
example venipuncture) and manipulations of the subject or the subject's environmeant that are performed for
research purposes.. \nteraction includes communication orinterpersonal contact between investigator and
subject. Private information includes:information about behavior that occurs in a context in which an individual
can reasonably expect that no observation or recording is taking place, and infarmation which has been provided
for specific purposes by an individual and which the individual can reasenably expect will not be made public (for
example, a medical record). Private information must be individually identifiable (i.e_, the identity of the subject is
or may be ascertained by the investigatar or associated with the information} in order for obtaining the
information to constitute research |nvolvmg human sub;ects
A. Does the research |nvulve abtaining information about Ilvmg mdw:duals”
[OnNo [A Yes
Revision Date: 04/2006 4of3
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Oklahoma State University Institutional Review Board

Request for Determination of Non-Human Subject or Non-Research

All of the following must be “no” to qualify as “non-human subject”:
B.

Signature of P| ZW’L %;yw
e )
Signature of Faculty Advisor J’W 677{1)4"4\-7 pate__ ! Loﬁ'r D

(If Pl is a student)

X

If no, then research does not involve human subjects, no other information is required.
If yes, proceed to the following questions.

Does the study involve intervention or interaction with a *human subject™?
B No [Yes

Does the study involve access to identifiable private information?
No [ Yes

Are data/specimens received by the Investigatar with identifiable private information?
BdNo [ Yes

Are the data/specimen(s) coded such that a link exists that could allow the data/specimen(s) 1o be re-
identified?
ne [ves
If “Yes," is there a written agreement that prohibits the Pl and his/her staff access to the link?
CONe [Oyes

f Date 7 sep Zo4z

Based on the information provided, the OSU-Stillwater IRB has determined that this project does not gualify
as human subject research as defined in 45 CFR 46.102{d) and (f) and is not subject to oversight by the
OSU IRB.

O Based on the information provided, the OSU-Stillwater IRB has determined that this research does qualify as
human subject research and submission of an application for review by the IRB is required.
10/4/13
Date
!
Revision Date: 0472006 Sof3
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DEPARTMENT OF THE AIR FORCE

325TH FIGHTER WING (ACC)
TYNDALL AIR FORCE BASE FLORIDA

January 2, 2013

325 CS/SCOK (FOIA)
555 Suwannee Rd
Tyndall AFB, FL 32403

Mr. Ryan Wallace

1135 Lake Washington Blvd N.
Unit G509

Renton, WA 98056

Dear Mr. Wallace

This is in response to your December 12, 2012 Freedom of Information Act request for
releasable mission documents from the Air Force Reseue Coordination Center (AFRCC)
pertaining to Aircraft Distress Beacon missions (only completed missions, not incidences)
between 1 January 2006 and 31 December 2011. A copy of the requested records are releasable
and attached.

Department of Defense Regulation 5400.7 indicates fees be assessed for processing this
request; however, no fees were assessed in this instance.

Sincerely
q}a%n L.$TINE, ‘CIv, DAF
Freedom of Information Act Manager

325th Communications Squadron
Tyndall AFB, FL

Attachment:
Releasable Records

FOIA Case 2013-01258-F
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Year
2008

Type of ELT Cell Forensics Used Radar Forensics Used

243
None
121.5
121.5
None
None
None
None
None
121.5
None
None
121.5
None
None
121.5
None
None
121.5
None
121.5
None
121.5
None
121.5
None
None
None
121.5
121.5
12156
Ncne
None
121.5

243
None
121.5
None
121.5

Yes
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
Yes
No
Yes
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
Yes
No

Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
No
Yes
No
Yes
No
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Search Duration (Hours) Format: XX.X
520.9
109
29.4
5.7
36.5
10.5
41
§7.2
20
5
20
4.5
19.8
11.5
23
52
441
19.9
24.3
20.1
206
16.2
10.9
30.5
8.5
318
17.8
23.8
8.2
10
7
122
47.5
55
17.5
34
15.1
12.9
11.5



121.5
243
124.5
121.5
121.5
None
None
121.5
121.5
121.5
121.5
None
121.5
121.5
None
121.5
121.5
None
121.5
None
None
1215
121.5
121.5
None
None
243
None
1215
Ncne
None
121.5
None
None
121.5
1215
None
None
1245
121.5

No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No

144

No
Yes
No
No
No
Yes
No
No
No
No
No
Yes
No
No
Yes
No
Noc
Yes
No
Yes
Yes
No
No
No
Yes
Yes
No
Yes
No
Yes
No
No
No
Yes
No
No
Yes
No
No
Yes

15.3
2.1
1.7
9.5
10.4
20.7
516
5.1
448
4.9
54.5
10.8
27.5
8.5
3.9
8.5
30



None
None
1298
1295
121.5
121.5
None
121.5
None
None
None
1215
121.5
None
243
121.5
121.5
121.5
None
121.5
121.5
None
121.5

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
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Yes
Yes
No
No
No
Yes
Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
No
Yes
No
No
No
Yes
Yes
No

54.5
60.5
5.5

23
82
65.9
16.3
48.7
32.7
46.5
8.9
17.8
9.8
8.1
271
10
15.5
26.4

135.1
111.8
20



Year
2007

Type of ELT Cell Forensics Used

NONE
NONE
121.5
243
243/121.5
NONE
121.5
121.5
NONE
NONE
NONE
243
121.5
121.56
121.5
121.5
406/121.5
NONE
121.5/243
none
12135
121.5
NONE
NONE
NONE
NONE
243
121.5
NONE
NONE
NONE
121.5
243
121.5
121.5/243
243
121.5
121.5
121.5N

YES

Radar Forensics Used
YES

146

Search Duration (Hours) Format: XX.X
25.4
233
7.9
3.2
86.3
316
72
36.4
66.1
28.2
8.4
4.3
13.1
35
42
12.4
A
54.8
2%4

10.3



NONE
121.5
NONE
121.5
1245
NONE
NONE
121.5/243
NONE
NONE
243
NONE
NONE
121.5
121.5
121.5
NONE
None
NONE
None
121.5
NONE
NONE
NONE
121.5
NONE
243
121.5
243
NONE
NONE
243
NONE
None
NONE
243
None
NONE
121.5
121.5

None
None
121.5
None
121.5
None
None
None
None
None
121.5
Ncne
None
None
121.5
243

NO
NO
NO
YES
NO
NO
NO
YES
NO
YES
NO
YES
NO
NO
NO
NO
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YES
NO
NO
YES
NO
YES
YES
NO
NO
YES

NO
YES
YES

NO
YES

NO

NO
YES
YES

NO
YES

NO
YES

NO
YES

NO
YES

NO

NO
YES

NO

NO
YES
YES

NO
YES

NO

NO

NO

YES
NO
YES
YES
NO
YES
NO
YES
YES
YES
NO
YES
YES
YES
YES
NO

57.2
3.2
1.4

542.3

55.8

26.2
1.5

13.5
4.2

749

417
4.2

271

37.6
7.7

12.3
26
3.5
2.8

10.3
6.2

113.5
3.8
5.6

10.2
13.3
24.5

21.8
87.2
9.5
126
720
348
4.1
19.5
13
18.2
7.5

43.5
205
6.8
112.5
11.5
40.8
24
32.5
41.5
14.2
15.5
80.2
9.1
92.9
125.8



Year
2008

Type of ELT
1215
243
243
None
121.5
None
None
121.5
None
121.5
None
243
121.5
121.5
1221.5
121.5
121.5
None
None
None
None
243
1215
124.5
121.5
121.5
243
None
121.5
243
Necne
1215
None
121.5
None
121.5
121.5
243
121.5

Cell Forensics Used
No
No
No
No
No
No
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
Yes
No
Yes
Yes
Yes
No
No
No
No

Radar Forensics Used

148

No
No
No
No
Yes
Yes
Yes
No
Yes
No
Yes
No
No
Yes
No
No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
Yes
Yes
No
Yes
No
Yes
Yes
No
No
No
No
No

Search Duration (Hours) Format: XX.X
1.3
18.5
255
14.4



121.5
None
None
243
124.5
None
None
Neone
406
None
121.5
None
None
None
None
406
121.5
1215
1215
None
None
243
None
None
None
None
None
None
None
None
None
121.5
121.5
None
None
None
243
243
121.5

No
Yes
No
No
No
Yes
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
No
No
Yes
Yes
No
No
Yes
No
No
No
Yes
No
No
No
No
Yes
No
No
Yes
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No
Yes
Yes
Yes

No
Yes
Yes
Yes

No
Yes

No

No
Yes

No

No

No

No

No

No
Yes
Yes

No
Yes
Yes

No

No
Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
Yes

No
Yes

No
Yes

9.3
55.5
4.7
10
7.5
26
25
15.3
2.9
94
14
1.1

1.9

2.7
11.8
16.8

8.3
24.9
53.6
12.9
19.6
66.2

6.5
10.3
49.5

171.5

5.8
255
40.5

1.2

16.4
17
19
6.5
11.8
18.3



Year Type of ELT Cell Forensics Used Radar Forensics Used Search Duration (Hours) Format: XX.X

2009 None Yes Yes 83.8
None Yes Yes 11.7
None Yes Yes 19.2
Naone Yes Yes 12.9
Nane Yes Yes 237
None Yes Yes 6.6
406 Yes Yes 16.3
None Yes No 6.7
None Yes Yes 241.5
None No Yes 6.7
None Yes Yes 15.7
None No Yes 14.6
None Yes Yes 37
None Yes Yes 101.3
406 No Yes 42.6
None No Yes 13.3
None No Yes 448
None Yes Yes 19.4
None No No 18
None No Yes 30.5
None Yes Yes 118
None Yes Yes 16.7
None Yes Yes 74.5
None No No 38.8
None No Yes 379
None Yes Yes 46
None Yes Yes 13
None No No 225
None Yes Yes £5

Year Type of ELT  Cell Forensics Used Radar Forensics Used Search Duration (Hours) Format: XX.X

2010 406 No Yes 8
None No No 9
None Yes Yes 14.9
None Yes Yes 295
None Yes Yes 27.7
None Yes Yes 4.2
None No No 0.4
None Yes Yes 12.7
None Yes Yes 24.3
None No Yes 75
None No No 26.2
None Yes Yes 6.7
None Yes Yes 42.9
None No Yes 1
None Yes Yes 84.3
None Yes Yes 23.8
None Yes Yes 57.2
None No Yes 1.3
None Yes Yes 17.9
None No Yes 14
None Yes Yes 104
None No No 19.3
None No Yes 2.8
None No Yes 15.1
None No Yes 4
None Yes Yes 99.4
None Yes Yes 58
121.5 No No 9
None Yes Yes 3.8
406 Yes No 4.7
121.5 Yes Yes 25.7
None No Yes 1.8
None No Yes 22.5
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None Yes Yes 20

None Yes Yes 499
None Yes Yes 187
None No Yes 55

None Yes Yes 24.5
None Yes Yes 20.4
None Yes Yes 85

121.5 Yes Yes 245
None Yes Yes 19

None No No 132
121.5 Yes No 22.8

2011 Type Of ELT Cell Forensics Used Radar Forensics Used Duration of Search

121.5 No No 19.3
None Yes Yes 347
None Yes Yes 24
121.5 Yes Yes 7.6
None No Yes 24
1241..5 No No 30.3
121.5 No No 6
None Yes Yes 14.7
None Yes Yes 64.5
406 No Yes 7.5
None Yes Yes 29.3
None Yes Yes 22.8
121.5 Yes Yes 126
None Yes Yes 4
None No No 3.8
None No Yes 2.4
None Yes Yes 13.7
None Yes Yes 260.8
406 No No 14.9
None No No 37
None No No 10
None Yes Yes 9.8
406 No Yes 18.5
None Yes No 1
121.5 No No 12.5
None No Yes 6
None Yes Yes 34.5
None Yes Yes 19.9
None No Yes 23.5
406 No No 40
None No No 28.5
121.5 No No 8.9
None No Yes 14
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406-GPS
None
121.5
121.5
121.5
None
None
None
None
406
None

No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
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No
Yes

No

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

14
17.5
28.5
131.5
38.4
10.8
6.1
ha
26.5
219
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