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Missing Aircraft Crash Sites and Spatial Relationships to
the Last Radar Fix

Robert J. Koester; lan Greatbatch

BACKGROUND: Few studies have examined the spatial characteristics of missing aircraft in actual distress. No previous studies have
looked at the distance from the last radar plot to the crash site. The purpose of this study was to characterize this
distance and then identify environmental and flight characteristics that might be used to predict the spatial relationship

and, therefore, aid search and rescue planners.

METHODS: Detailed records were obtained from the U.S. Air Force Rescue Coordination Center for missing aircraft in distress from
2002 to 2008. The data was combined with information from the National Transportation Safety Board (NTSB) Accident

Database. The spatial relationship between the last radar plot and crash site was then determined using GIS analysis.

RESULTS: A total of 260 missing aircraft incidents involving 509 people were examined, of which 216 (83%) contained radar
information. Among the missing aircraft the mortality rate was 89%; most occurred in mountainous terrain (57%); Part
91 flight accounted for 95% of the incidents; and 50% of the aircraft were found within 0.8 nmi from the last radar plot.
Flight characteristics, descent rate, icing conditions, and instrument flight rule vs. visual flight rule flight could be used to

predict spatial characteristics.

CONCLUSIONS: In most circumstances, the last radar position is an excellent predictor of the crash site. However, 5% of aircraft are found

further than 45.4 nmi. The flight and environmental conditions were identified and placed into an algorithm to aid
search planners in determining how factors should be prioritized.
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n 2013, within the continental United States, 63 missing air-

craft incidents were reported to the Air Force Rescue Coor-

dination Center (AFRCC). Search missions typically account
for approximately 4% of the AFRCC missions.” However, they
often account for a disproportionally larger amount of resources
and cost. The challenge of finding a missing aircraft is immense,
especially when a distress signal has not been received.

The 63 incidents resulting in searches is a much smaller sub-
set of reported crashes. In 2013 the National Transportation
Safety Board (NTSB) recorded 1431 aviation accidents with 339
fatalities.!” Several papers have examined sport crashes,® heli-
copter crashes,®”> aeromedical crashes,'® general aviation
crashes,'® instrument-rated private pilots,”! and commercial
aviation crashes.'? In addition, the spatial distribution of crashes
has also been examined.'®!* Studies specific to missing aircraft
include the New Two Area Method (given this name since it
defines two different rectangles based upon the flight path with
different probability densities)*’ and a similar study conducted
in the United States.” Both of these studies looked at the spatial

distribution of missing aircraft relative to the intended trackline
to report track offset distances and percentage of route covered.
These studies allowed the creation of probability of contain-
ment (probability of area) maps which have been incorporated
into computer software that allows the optimal allocation of
search and rescue resources."”” However, the search areas cre-
ated are quite large and only suitable for searches by aircraft
or vessels. Limited work has also looked at the relationship
between the crash site and where the aircraft first intersected
with a weather front.**
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The purpose of this work was to perform data acquisition
and analysis that looks at retrospective search data for aircraft
radar track, aircraft flight characteristics, and weather. One of
the most powerful tools, when available, is radar track data col-
lected by the Federal Aviation Administration (FAA) and/or
military radar and forwarded to the AFRCC. This data, when
properly understood and used by search planners, may gener-
ate more confined “areas of highest probability density” where
missing aircraft may have crashed. The aircraft’s radar track and
last radar plot in particular provides the opportunity to update
the last known position from the point of departure to the last
radar plot. Determining the correct radar track and then the
last radar plot is a component of radar forensics provided by
the AFRCC, FAA, and 84'" Radar Evaluation Squadron (84
RADES).!> NASA developed a software tool known as World
Wind Air Search and Rescue that displays previous radar
tracks.'

In a search and rescue incident the most operationally criti-
cal information is making probabilistic projections of where the
aircraft will travel beyond the last radar plot. Syrotuck was the
first to describe Euclidian distances from the last known posi-
tion to the eventual find location in ground search and rescue.??

In the extensive search for Air France flight AF477, no radar
data was available.” However, this incident illustrates the value
of search theory and the application of different models to
establish a posterior probability distribution. The last known
position of 2.98°N/30.59°W was provided by GPS in an Aircraft
Communications Addressing and Reporting System. This mes-
sage is sent every 10 min, which results in a 40 nmi search area.’
A database of nine airline transport accidents involving loss of
control while at cruise altitude was obtained by the Bureau
d’Enquétes et dAnalyses from the Russian Intrastate Airframe
Group.? This data showed a median of 4.3 nmi and a maximum
of 20 nmi (when adjusted to the 35,000-ft altitude to match
AF477 altitude). An additional probability model was con-
structed by back drifting the floating debris from the wreckage.
All three probability maps were combined and then adjusted
for prior search efforts.** Using the new combined poste-
rior distribution, the wreckage was found 6.5 nmi from the last
known position in one of the highest probability areas.

Ultimately, the goal of this research is to create spatial mod-
els that provide a probability of containment map that can be
updated, in a Bayesian fashion, as new information is learned.
Such a map will allow the use of formal search theory first
described by Koopman for the nautical environment.'* How-
ever, Stone has found it to be highly effective for many different
search situations.” While Abi-Zeid and Frost' were the first to
incorporate probability of area based upon route information
into aircraft software, this study is the first to look at radar data
as a key factor. The blending of radar track, mountainous versus
flat terrain, intended route of flight, and observed weather in
a computer generated visual presentation will aid search plan-
ners in identifying “areas of highest probability density.” Search
planners can then concentrate their efforts in those areas
which will improve search efficiency, reduce search risk, and
ultimately save search resources and more lives.

MISSING AIRCRAFT & LAST RADAR—Koester & Greatbatch

METHODS

Missing aircraft incidents within the continental United States
that resulted in search efforts are recorded by the AFRCC. Data
was collected for incidents covering a time period from 2002 to
2008. Data was collected during three trips to the AFRCC. The
data was collected chiefly from the Honeywell SARMaster soft-
ware (Ottawa, Canada) and associated file attachments. The file
attachments (typically PowerPoint presentations showing the
entire radar track and detailed information for the last part of
the track) were collected under a nondisclosure agreement that
limits their use and marks them as “For Official Use Only”
Since the AFRCC area of responsibility is limited to the conti-
nental United States, the incidents are for the most part limited
to the continental United States. The inclusion criteria from the
AFRCC incidents included several factors. Only closed inci-
dents were considered. However, some of these closed incidents
represented previously suspended searches in which the aircraft
was found after the formal search was concluded. Only those
incidents that involved actual searches (versus rescues) for
missing aircraft were selected. Only those incidents classified as
distress were included. This precluded missions that were a
result of a pilot failing to close out a flight plan or simply flying
to another airport and failing to report. Finally, a find location
for the aircraft must have been reported with coordinates.

After applying the data inclusion rules, only a few exclusion
criteria applied. Three reasons to throw out data emerged. An
entire incident would be excluded if the plane landed at an
improved runway. This would be regardless of distress or non-
distress. This only applied to two cases. The second exclusion
criterion was conflicting information. Often information could
be obtained from AFRCC fields, AFRCC comment section,
NTSB reports, or online. If conflicting information existed
about one of the data collection subtasks (such as route or crash
site elevation), then that specific element would be excluded.
Finally, data elements of an incident would be excluded if miss-
ing information existed. Therefore, throughout this report dif-
ferent results are based upon different numbers of cases. The
number of cases a result is based upon is stated in the “count”
field.

The collected data fields from the AFRCC included 31 fields.
These fields included the AFRCC incident number, mission
number, general location (town or county) of the last known
position, state of the last known position, latitude/longitude of
the last known position, date, time, registration number of the
aircraft, make/model of the aircraft, intended route, weather,
secondary weather, number of subjects on board, number
found alive, number found deceased, who found the aircraft,
general location of find, latitude/longitude of find, find date,
find time, source of radar data, FAA coordinates of last location,
Mode 3 setting, Mode C reported altitude, second to last radar
point coordinate, last change in vertical feet per minute, any
predicted find coordinates, number of emergency locator
transmitter updates, emergency locator transmitter coordi-
nates, AFRCC controller comments, and if the AFRCC had
added attachments to the file.
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In order to obtain the distance traveled from the last recorded
radar position, it was necessary to know the coordinates of the
last recorded radar position and the find site coordinates. Radar
plot coordinates were obtained from either 84" RADES or the
FAA and both were recorded by the AFRCC. When radar data
was reported by both sources, the 84 RADES data was used.

The NTSB maintains an online database of aviation acci-
dents called the “Aviation Accident Database & Synopses.”!”
Using the aircraft’s registration number collected from the
AFRCC data, it was possible to obtain the NTSB factual
report—aviation, brief of accident, and probable cause reports.
Data was then extracted from these reports and entered into the
database. In several cases where the registration number had
been entered incorrectly or was incomplete, it was possible to
use other search parameters (date, location, type of aircraft,
fatalities) to locate the reports. This also allowed updating the
database with the correct registration number.

From the NTSB reports it was possible to add additional
fields to the database and to verify information found in the
AFRCC reporting system. The NTSB reports often provided
information that might have been missing from the AFRCC
report. The added fields included; NTSB ID number, flight part,
flight type, light conditions, basic weather, ceiling, visibility,
wind, precipitation, obscuration, flight hours total of pilot,
flight hours in aircraft of pilot, flight hours instrument, pilot
certification, flight plan, elevation of the crash site, crash bear-
ing (magnetic), NTSB calculation of crash site to last radar,
flight activity, terrain, accident cause, and NTSB find location
coordinates. In some cases the NTSB had performed additional
analysis of radar data and reported additional radar data than
the AFRCC. However, the AFRCC data of the last known posi-
tion from radar data was always used since this is the only data
that operational search planners will have available at the time
of an actual search.

When the NTSB supplied a crash site coordinate it was more
likely to be based upon a GPS reading taken at the point of ini-
tial impact with the ground. Therefore, when find location
coordinates came from both NTSB aviation accident investiga-
tion reports and from AFRCC reports, the NTSB coordinates
were used.

Not all of the AFRCC incidents had an NTSB report. NTSB
reports were obtained in 239 of the 262 incidents. Reasons for
a missing report included the following: a more recent search
where the report was not available at the time of data collection;
a military flight; the incident did not meet the NTSB criteria
for making a report; or insufficient information to locate a
report.

Additional fields were added for calculations and data
obtained from the source data of the AFRCC and NTSB. All of
the various distances needed to be calculated from the vari-
ous coordinates using batch processing of coordinates from
GPSwaypoints.com.za, which uses great circle calculations esti-
mated to be accurate to one part in one million. Aircraft were
placed into the appropriate category (e.g., twin engine) after
viewing a photograph of the aircraft using Google images. Air-
port and navigational aid (navaid) identifiers were verified

using www.airnav.com, if required. Flight routes were entered
into www.skyvector.com to determine the route length and also
to verify all waypoints. Google Earth was also used to deter-
mine whether the aircraft’s find location plotted to an airport
and the elevation of the crash site. Coordinates were provided
in at least four different systems: decimal degrees (DD.DDD),
degrees decimal minutes (DD MM.MMM), degrees minutes
seconds (DD MM SS.SS), or Universal Trans Mercator. All
coordinates were converted to the decimal degree format using
Degree Format Convertor from GPSwaypoints.co.za. USGS
1:24,000 topographic maps used to determine the highest ridge
or mountain summit were also obtained using ExpertGPS
(TopoGrafix, Stow, MA).

The search duration (h:min) was calculated as the difference
between the time the aircraft was last seen and when it was
located. In the AFRCC records, the time last seen was not based
upon the last radar track but rather on when the aircraft
departed. In several incidents, the aircraft was not located dur-
ing the initial search effort. These caused durations that in some
cases exceeded 4000 h. Therefore, for the purpose of calculating
averages for instrument flight rules (IFR), visual flight rules
(VFR), and no flight plans, incidents with durations of greater
than 2 wk (336 h) were excluded.

The heuristic for determining which particular flight char-
acteristic to select for displaying probable Euclidian distance
quartile rings from the last radar plot was based upon each of
the following flight characteristics: aircraft type, flight plan,
meteorological conditions, flight phase, final flight characteris-
tic, and elevation changes. These characteristics were evaluated
for statistical significance. Among the factors that achieved sta-
tistical significance with P < 0.05, the probability density (Py,,)
was evaluated by the summation of the Py, within the 50%
ring, the 50-75% annulus, and the 75-95% annulus. This was
sorted in rank order so that the flight characteristic with the
largest summed Py, would be examined first.

RESULTS

A total of 260 missing aircraft incidents involving 509 persons
were collected that met the inclusion/exclusion criteria. A mor-
tality rate of 89% was found. Radar information was available
for 216 incidents (83%). Among the missing aircraft, 241 inci-
dents indicated the type of flight, of which 95% were Part 91,
4% were Part 135, and 1% were Part 137. The majority of search
incidents took place in mountainous terrain (148; 57%), fol-
lowed by flat/hilly (104; 40%), and over water (8; 3%). The aver-
age time to locate the missing aircraft was 42:24 (h:min) if no
flight plan was filed, 37:18 for VFR, and 13:06 for IFR or flight
following. The overall distribution of where missing aircraft
were located is shown in Fig. 1.

The distance traveled from the last recorded radar position
was obtained from 216 incidents (Table I). The descriptive sta-
tistics of count (N), quartiles, 95%, average, and standard devia-
tion (SD) are provided. Search and rescue practitioners often
use the 95% distance (based upon 20 + x) as the practical limit
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Fig. 1. Spatial distribution of location of missing aircraft along with last radar plot.

of where to search for ground searches. All distances are given
in nautical miles unless otherwise stated. The first column (All)
represents the entire dataset. For the entire dataset it can be
seen that half (median) the aircraft are located within 0.8 nmi
from the last radar position. This represents a significant clus-
tering of the probability of containment (POC). The overall
median has a probability density of 0.25 POC/nmi?. The proba-
bility density is high enough to warrant a ground search if
the terrain or conditions do not allow a high probability of
detection in an air search. The overall spatial distribution
of crash site locations relative to the last radar plot (center of
graph) is shown in Fig. 2. No statistical differences were seen in
distances among the four cardinal quadrants (ANOVA P =
0.91) or between the NS versus EW quadrants (Kolmogorov-
Smirnov P = 0.88).

The first modifying factor that was examined was the type of
aircraft. The table shows the results from helicopters, jet air-
craft, twin (propeller), and single (propeller) engine aircraft.
Some clear differences appear between the various types of air-
craft. An ANOVA between the four groups just missed statisti-
cal significance (F = 2.463, P = 0.063). No significant difference
was seen between single and twin engine propeller aircraft

MISSING AIRCRAFT & LAST RADAR—Koester & Greatbatch

using a Kolmogorov-Smirnov
test (P = 0.85) nor between jets
and propeller aircraft (P =
0.096).1' Jet aircraft tend to be
carefully flight followed and can
be significantly above ground
level (AGL), where radar cover-
age is excellent. Helicopter inci-
dents show the largest SD. They
could be found quite close to
the last radar plot (25% within
0.2 nmi) or much further out. A
working hypothesis that helicop-
ters typically fly at low AGL alti-
tudes, making it easier to fly out
of radar coverage long before the
actual incident.

A major factor in aircraft inci-
dents is the weather. The NTSB
accident report classified the
weather as either instrument
meteorological conditions (IMC)
or visual meteorological condi-
tions (VMC). In addition, the
NTSB reported if icing conditions existed.

It appears that the aircraft flying in IMC are located closer to
the last radar position than in VMC (Table II), with the 25%,
50%, and 75% annulus being roughly half the distance. How-
ever, statistical outliers appear to be more common for flights
during IMC. A significant difference was seen between icing
conditions and VMC using a Kolmogorov-Smirnov test (P =
0.032), but no difference was seen between VMC and IMC
(P =0.158).

Another significant factor may involve the type of flight plan
profiles followed. The database recorded four types of flight
plan profiles: flight plans filed under IFR, flight plans filed
under VFR, no filed flight plan (none), and VER flights with
flight following requested. Requests for flight following are
made during the flight; however, the pilot may or may not have
filed a flight plan. Although these flights are conducted under
visual rules, flight followed aircraft were placed with instru-
ment rules aircraft for statistical analysis purposes.

Aircraft flying under instrument rules were found sig-
nificantly closer to the last radar plot than visual rules using a
Kolmogorov-Smirnov test (P = 0.007). This result it not too
unexpected: since instrument rules aircraft are issued a dis-
crete code, it is much easier to
find the correct radar track for

Table I. Distance (nmi) of Crash Site from Last Radar Fix for All Data and by Aircraft Type.

these aircraft. When no flight

ALL HELICOPTER JET TWIN SINGLE plan is filed, the aircraft is typi-
N 216 1 6 21 177 cally found significantly closer
25% 04 0.2 0.6 05 04 than visual rul (using th
50% 08 32 15 15 07 an visual rules tusing the
75% 55 17.6 24 72 48 Kolmogorov—Smlrnov test, P =
95% 454 1057 42 246 425 0.032).
Avg. 74 220 1.7 6.2 68 The NTSB report classified the
SD 19.0 418 1.2 9.2 178

flight phases of when different
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what the aircraft was doing dur-
ing the last minute of recorded
flight. The terms used during this
analysis were straight, straight
(and level), straight and descend-

S ing, bearing right or left (turn of

\“\ 5-45°), turning right or left (turn
of 45-90°), hooking right or left

% (turn of >90°), and spiraling
A right or left (turn of >180° and it
crosses over itself). For this anal-
ysis, only the major terms were
used and right and left differ-
ences were ignored. The flight
characteristics were determined
by looking at a map of the plots

10 Kilometers
{

3 looking at only the horizontal
e M i aspects of flight. Only straight
‘ and descending factored in a
vertical component. An ANOVA
showed a difference exists among
the categories (P = 0.027).
While flight characteristics
i looked at the horizontal charac-
e’ teristics of the last few plots, the
‘ change in feet per minute (FPM)
looked at the vertical change in
the last plot. Change in FPM were
. obtained from Mode C tran-
sponder returns, which are only

Fig. 2. Spatial distribution of crash location (black dot) to the last radar plot (center).

factors or causes of the accident occurred. With a radar track
available, it should be possible for a skilled search planner to
determine the phase of flight that is occurring at the time of the
last radar plot. Some phases of the flight did not have sufficient
incidents and were grouped with the next best match. The
phases of flight that were examined were climb, cruise, maneu-
vering, descent, and approach. An ANOVA showed that none
of the phases of flight (Table III) had a statistically significant
difference (P = 0.88).

In most cases, the radar data is not restricted to the last radar
plot, but instead tends to show the last minute, last 5 min, or
even the entire flight; therefore, it is possible to characterize

precise to 100 ft. For the sake
of making tables, the data was
placed into bins, with the first bin
containing incidents where the descent in FPM was greater
than 2000 ft (Table IV). The second bin contained descents
of 1000-2000 FPM, the third bin 1-1000 FPM, in the fourth
bin the flight was level (0 FPM), and the last bin contained
8 cases where the aircraft was climbing. No significant differ-
ences were seen using an ANOVA test among the different
bins (P = 0.11). However, using the Kolmogorov-Smirnov
test, a significant difference was seen between the descent
rate of >2000 FPM and 0 FPM (P < 0.001) and 999-1 FPM
(P < 0.001). Only eight cases exist in the database where the
aircraft was climbing; Kolmogorov-Smirnov testing was not
possible.

Table Il. Distance from Last Radar Fix from Crash Site (in nmi) for Type of Flight Plan and Different Meteorological Conditions.

FLIGHT PLAN METEOROLOGICAL CONDITIONS
IFR VFR NONE IMC vmcC ICING

N 79 42 80 102 112 11

25% 03 0.5 04 03 04 0.1
50% 0.5 30 0.8 0.7 1.3 04
75% 3.1 13.1 96 3.1 7.1 08
95% 14.3 558 58.1 479 289 1.7
Avg. 29 104 9.8 6.3 6.5 0.5
SD 5.7 22.7 241 208 11.2 06
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Table lll. Distance (nmi) of Crash Site from Last Radar Fix by Flight Phase.

MISSING AIRCRAFT & LAST RADAR—Koester & Greatbatch

FLIGHT PHASE FLIGHT CHARACTERISTIC
STRAIGHT
CLIMB CRUISE MANEUVER APPROACH DESCENT STRAIGHT DESCEND BEAR TURN HOOK SPIRAL

N 14 31 42 % 17 67 14 10 13 34 13
25% 0.5 04 04 03 0.1 0.7 0.1 0.1 0.5 03 03
50% 0.7 0.6 0.8 08 0.5 28 03 0.7 0.7 04 0.7
75% 53 74 7.0 36 26 139 0.5 10 2.1 1.5 6.8
95% 14.6 204 25.1 514 220 654 15.6 17.1 36 6.3 13.6
Avg. 36 50 6.1 73 4.1 12.7 2.1 29 1.2 14 37
SD 55 7.7 95 221 89 264 6.8 7.1 1.2 24 50
DISCUSSION be the best predictor of finding the aircraft nearby, all the way

The typical missing aircraft profile involves flying under Part 91
(95%), in a single engine aircraft (82%), flying without a flight
plan (40%) or an IFR flight plan (39%), over mountainous ter-
rain (57%), in the approach phase (47%), did not survive (89%),
and is found within 0.8 nmi of the last radar plot (50%). The
AFRCC was able to obtain a radar track in 83% of the incidents.
This percentage might be even higher if the aircraft has been
quickly located; then efforts to determine the track will cease.
The overall distribution of missing aircraft is similar to the spa-
tial distribution of fatal crashes described by Grabowski et al.!’

No significant differences were seen among the different
types of aircraft for the distances from the last radar plot. How-
ever, jets just missed statistical significance (P = 0.096), most
likely due to a small sample size (N = 6). From an operational
perspective, the 4.2 nmi 95% ring is different than the 19.0 nmi
95% ring seen for the entire database. While the median ring
was greater than the entire database, this is not unexpected for
a faster moving aircraft.

The meteorological conditions were significant if icing con-
ditions were present. The possibility of icing conditions was
determined by the NTSB, but during actual search incidents
could be assigned a probability as a scenario. When icing condi-
tions existed, 95% of aircraft were found within 1.7 nmi of the
last radar position. No significant difference was seen between
IMC and VMC conditions.

While no significant difference was found in the phase of
flight (climb, cruise, maneuver, approach, or descent), the most
common phase was during the approach (47%). In most cases,
not only is the last radar position available, but many of the pre-
vious radar returns have been obtained. Since each radar return
is time coded, it is possible to characterize the final flight char-
acteristics as determined by radar. Turns and hooks appear to

Table IV. Distance (nmi) of Crash Site from Last Radar Fix by Vertical ft/min Rate.

out to the 95% ring. Descending or bearing to the left or right
also predicts shorter distances. Straight and descending had a
significantly high probability zone, with 75% of the incidents
within 0.5 nmi. Spirals demonstrate some variability. If an air-
craft was flying straight (and usually level), that proved to be a
poor predictor of the distance from the last radar plot.

One of the best predictors of the aircraft being located near
the last radar position was when its final descent rate exceeded
2000 ft/min. If this was the case then 95% of the aircraft were
found within 1.8 nmi. Descents of 1-999 ft/min often represent
normal descent rates for landing. Also, the limited precision of
transponder reported altitudes means the plane could have
been flying level, but reported as descending for the last two
Mode C reports. The distances are slightly greater than the
median of 0.8 seen for the entire database. Level flight (0 ft/min)
also shows a median greater than the median value of the entire
database.

The report clearly defined that the probability of finding the
aircraft close to the last radar plot is significant. In fact, 50% of
all aircraft are found within 0.8 nmi of the last plot. This gives a
potential search area of only 2 nmi*—a size (depending upon
terrain and weather) easily searched on the ground, even at
night. However, the study could easily be improved by examin-
ing several other factors. Radar information depends upon the
radar forensic analyst finding the correct track that relates to
the correct aircraft, then finding the last possible track, often
from many segments that have gaps. The input of the analysts of
their confidence in the track is clearly needed. The simple proxy
for “confidence” in the database was the 40 incidents in which
the radar analyst forwarded a formal prediction of where the
aircraft might be found. Analysis of those predictions showed
68% were found within 1 nmi and 76% were within 2 nmi. The
75% quartile for the overall database was 5.5 nmi. This might be
even more important if two or
more candidate tracks are pos-
sible. While the tracks could be

>2000 ft/min 1999-1000 ft/min 999-1 ft/min 0 ft/min CLIMBING weighted evenly from a statis-
N i 14 18 28 8 tical point of view, it might be
25% 0.2 04 0.5 06 03 mor ful to h the analvst
50% 04 06 15 18 09 ore useul to have the analys
75% 05 36 66 93 24 weigh the probability.
95% 18 157 1012 27.7 638 Ultimately, statistical infor-
Avg. 05 33 154 70 19 mation must be translated into
SD 0.6 6.2 429 103 24

tactical decisions by the search
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planner. In many cases this involves simple paper and pen tech-
nology. Even the utilization of more sophisticated optimal
allocation of resources algorithms (Charnes Cooper) requires
assigning probability of area.® Therefore, the search planner
faces the task of selecting the most appropriate model or com-
bining them all. We propose a simple algorithm based upon
factors that were statistically significant and designed to maxi-
mize the probability density. This would allow the least amount
of effort to achieve the greatest amount of success.

The factors that were determined to be statistically signifi-
cant included the type of flight plan (IFR, VFR, or none), the
meteorological conditions (if icing conditions were present),
the final flight characteristic (straight, straight and descending,
bearing right or left, turning, a hook, or a spiral), and vertical
changes (descent greater than 2000 ft/min). The probability
density for each factor was determined as described in the
Methods section. The summed Py, values were then shortened
to create the algorithm shown in Fig. 3. The last three factors
(no flight plan, straight flight, and VFR flight plan) had a lower
Pgen Vvalue than the overall score. In particular, a final flight
characteristic of flying straight (¥Pg4,,, = 0.021) or a VER flight
plan (2P, = 0.018) had alower summed P, value by a factor
of more than 10 compared to the entire database (XPy., =
0.252). While some aircraft were still found relatively close for
these conditions, search planners would be well advised to look
at all factors, including the range of radar coverage prior to
committing ground resources.

The approach used in this study was to attempt to identify
factors that result in more probability being found closer to the
last radar plot. An equally valid approach is to look at factors
that might identify when the last plot has nothing to do with the
aircraft final location. Such a measure would help to avoid put-
ting too much emphasis on the last radar track. A formal study
of all those incidents where the aircraft was not found near the
last radar plot should look at radar coverage. This study already
identified that straight and level flight might be another good
predictor of a “non-relevant” last radar plot. However, it is note-
worthy that two cases mention that the last radar plot occurred
at a point of known end of coverage, but the aircraft was found
near those plots. It would be prudent to eventually examine the

ms Aircraft flying straight and descending? YES = 3Pgen =2.3 \
NO

2. Was the Aircraft descending 2 2000 FPM? YES = 3Pge, =1.9
NO |
3. Were icing conditions reported or present? YES = FPgen =1.2
NO
4. Did the final radar track show a hook? YES = 3Pen =1.0
NO
5. Was this an IFR Flight? YES = 3Pgen =0.6
NO |
6. Did the final radar track show a turn or bearing right or left? YES = 3Pgen =0.5
NO ¢
7. Did the final radar track show a spiral? YES > 3Pge, =0.3
NO VL
8. Did the final radar track show straight and level flight? YES = 3Pge, =0.02
NO |

9. Was a VFR flight plan filed? YES = 3Pgs, =0.02
NO
10. Then use the overall data. YES — ¥ Paen =0.2

Fig. 3. Hierarchy of flight characteristics to provide best 3P ..

/

actual model of aircraft, if the aircraft entered a thunderstorm,
day or night light conditions, the visibility, the ceiling, the last
radar’s position AGL altitude, and certain key scenarios.

The ultimate goal of search and rescue is to locate and rescue
the subject. To find the subject, search resources must be placed
in the correct location. Formal search theory can help deter-
mine the placement of resources, but it is dependent upon iden-
tifying how much probability of containment exists in each
search grid. Therefore, it is of paramount importance to develop
a model that correctly allocates probability into different areas
contained in the search area. The raw data and preliminary
results presented here are the foundation to achieving this goal.
However, radar data is not the only source of developing prob-
ability models for location. Additional models from cell phone
forensics and Automatic Dependent Surveillance will become
increasing important. In the Air France Flight AF447, it was the
Aircraft Communications and Addressing Reporting System
broadcast that provided the critical information. However, the
tull value of that information was not realized until a formal
probability map was created.?” Since humans by nature are poor
at visualizing probability and statistics, it is imperative to pro-
vide the information in a way that is easy to digest, visualize,
and allows for making operational decisions.
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