
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this paper, we develop a model for finding a plane that was lost over a large body 
of water. Our model is very robust and can be used by searchers throughout the 
entire search process.  

Using only basic information about the flight and its last known location and 
heading, we are able to carefully calculate the area where the plane might have gone 
down. This area is not just a simple circle - the area is limited by the turn radius of 
the plane and by the maximum distance the plane could have traveled after losing 
communications. 

Once our initial search area is determined, our model calculates how ocean currents 
would cause the search area would move from day to day, as well as change shape. 
And when debris has been found, the same ocean current calculations can be used in 
reverse to trace debris back to the original location of the crash. 

Our model also implements three different algorithms for searching the area 
determined by our previous calculations. Our algorithms are very flexible, and adapt 
to changing weather conditions, number of search planes available, and the size of 
the area to search. Based on detailed analysis of these three algorithms in over 900 
unique search scenarios, our model was able to recommend the ideal algorithm for 
finding any lost plane. Given any combination of factors for a search, our model can 
predict the number of days it will take to find debris in that region.  
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1 Introduction to Problem

The problem we chose to solve was how to most e↵ectively search for a lost airplane that is expected to have
gone down over a large body of water. We developed a method to find lost planes in the least amount of
time, which entails obtaining an accurate estimation of where the plane may have gone down, developing a
fast and e�cient search algorithm that adapts to new information, and calculating the location of the lost
plane based on ocean currents.

2 Assumptions and Parameters

2.1 Assumptions and Justifications

Our model makes the following assumptions:

1. Generally speaking, the plane crash will occur in the way that will make the search the most di�cult.
This is justified because assuming the most di�cult scenario in modeling makes the model compatible
with the most plane crash scenarios.

2. We assume that air drag will not a↵ect the distance a plane travels in a crash. The first reason we do
not consider air drag is because it greatly complicates the model. Second, data necessary for calculating
air drag such as the cross-sectional width of the planes and the coe�cient of air drag of the planes
was not readily available. Finally, in determining the distance that a plane will travel while crashing,
air drag will both limit the distance and increase the distance. This is because air drag opposes the
forward motion of the plane but also increases the time that the plane remains in forward motion by
limiting the speed with which the plane falls.

3. Due to the small size of airplane debris, search planes will not be able to use infrared or radar and
will have to rely on visual search alone, even in very calm seas. Our source indicated that even in
rather calm seas, forward-looking airborne radar and infrared technology would be completely unable
to detect small debris.[2]

4. The field of debris will not scatter so far from the site of the crash that it will change our overall search
area. Justification for this assumption can be found in Section 4.2.

5. The area in which the plane crashes is completely water and is flat enough to be modeled as a geometric
plane. The curvature of the ocean is extremely small and would be insignificant for all calculations.

6. Fatigue of searchers will not impact their e↵ectiveness. Fatigue is too di�cult to model because it
has di↵erent e↵ects on di↵erent individuals, and we can assume further that individuals impaired by
fatigue would not be allowed to participate in the search.

7. All search planes are assumed to take o↵ 200 nautical miles from the search location. We consider this
a reasonable distance, since our model does not know where the nearest land mass or aircraft carrier
may be. (A discussion of this assumption can be found in Section 7.)

8. There will be su�cient daylight for searching for only 10 hours each day. In most locations, this will
let searchers start at least one hour after sunrise and end at least one hour before sunset.

9. Floating debris will not sink until after the search has been completed. Because it’s impossible to
accurately model when the debris will sink, we must assume that it has not sunk yet.

2.2 Parameters

Our model uses several parameters to help determine where a plane was likely to crash. We use the altitude,
velocity, and mass of the downed plane as parameters to help determine how far the plane likely traveled
while crashing. The wind speed at the time of the crash is also considered when determining this distance.
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Another main focus of our model was developing the most e↵ective search pattern. We took many
parameters into consideration while determining this search method including the altitude, velocity, and
range of search planes, the number of search planes that are available, the time since the crash, and the
time allotted for the search each day (assumed to be 10 hours), and what the weather conditions of current
search day.

Our model also describes how to e↵ectively use found debris to locate the site of the crash. The parameters
we used to determine this method are the speed and direction of the ocean currents and the time since the
crash, as mentioned earlier.

3 Analysis of the Problem

3.1 Hypotheses

Helping plan a useful search for a generic downed plane is a problem which can be split into two parts:
predicting where it went down, and searching that area. After some discussion, we concluded that we should
be able to figure out the area where the plane went down by modeling how far a plane can glide without
power, while accounting for the possibility of turning while gliding. We also realized that the currents of
the ocean would be moving the debris away from the plane crash as time went on, so the area to search
would move each day. We then hypothesized that there are several ways to search the area, such as the three
illustrated in Figure 1.

Figure 1: Some of our initial ideas for how to search a rectangular area.

Some search methods were discounted immediately due to obvious ine�ciency and inability to be adapted
to multiple searchers. We hypothesized that going in straight lines as much as possible when searching an
area would maximize the e�ciency of the search, an assumption that let us rule out searches like the spiral
search in Figure 1. That same assumption also brought to the forefront searches that use parallel sweeps,
such as the other two illustrated in Figure 1.

4 Statement of Model

Our model provides suggestions for searchers throughout the entire search process. Based on the parameters
stated above, our model calculates the area in which the plane could have crashed, calculates the motion of
that area due to ocean currents over time, provides estimates for the time required to find crash debris, and
uses the speed and direction of local ocean currents to trace debris back to its original location, near the site
of the plane crash.

4.1 Components of the Model

Based on our analysis of the problem, we split the model into the following components:

1. Modeling a generic downed plane using parameters

2. Calculating the size and shape of the area where the plane likely went down
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3. Calculating the probable location of the debris field over time using ocean current data

4. Modeling a generic search plane using parameters

5. Searching the probable debris field e↵ectively using search planes

6. Using reverse-drift calculation to approximate the origin of the debris

4.1.1 Modeling a generic “downed plane” using parameters

We model a downed plane using the following parameters:

1. Its last known longitude and latitude as established by an automatic handshake or an Air Tra�c
Control scheduled check-in

2. Its direction of travel, in terms of degrees. (0 degrees is East, 90 North, 180 West, and 270 South)

3. The family that the plane belongs to:

(a) Small bush plane

(b) Military fighter

(c) Private jet

(d) Commercial airliner

(e) Cargo plane

4. The parameters determined by the family of the plane:

(a) Cruising speed

(b) Cruising altitude

(c) Typical takeo↵ mass

The five main families of planes each have di↵erent speeds, altitudes, and masses, so we decided to pick a
representative from each family and model it. That representitive would have to be commonly flown and
thus be more likely to crash, making it a good choice to model. The representatives chosen are as follows:

1. Small bush plane: Cessna 172 Skyhawk[11]

2. Military fighter: Lockheed Martin F-22A Raptor[12]

3. Private jet: Bombardier Challenger 300[13]

4. Commercial airliner: Boeing 737-300 Classic[14][15][16]

5. Cargo plane: Lockheed C-5B Galaxy[17]

The height and speed of the plane were used to calculate its maximum glide distance without power, which
is then used to determine the shape of the probable “splash-down” location. The mass is used to calculate
its inertia, which makes it more resistant to the e↵ects of crosswinds as it glides.

4.1.2 Calculating the present location of the debris field using ocean current data

The likely outcome of a plane crash in open water is that, upon impact, the plane is destroyed and debris
from the plane will be propelled a relatively short distance. Some of this debris will sink, but some of it will
float and be carried by the currents in that area. After determining an approximate location for the site of
the plane crash, we can calculate where the ocean current will carry the debris. This process is outlined in
section 4.3.

The parameters that we used to model the ocean currents were the speed and direction of the currents.
The debris resulting from a plane crash will continue to be carried by the currents until it is found by
searchers. When a piece of debris is found in a search, the time and location of that debris provides
important information that can be analyzed mathematically to obtain a better estimation of the location of
the crash.
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4.1.3 Modeling a generic search plane using parameters

The primary parameters that we use for modeling a generic search plane are:

1. Flight speed while searching

2. Altitude while searching

3. Range of the search plane determined by fuel capacity

The speed is used to calculate the search plane’s turn radius, as well as to determine how much area the
plane can search before the sun goes down. Range is also used as a limiting factor when calculating the area
the plane should search.

Speed and altitude are also used to calculate the aircraft’s e↵ective sweep width. (A description of e↵ective
sweep width is presented in section 4.4.) Due to the many varying factors that may a↵ect an airplane’s sweep
width, there is no one formula to calculate this. The United States National Search and Rescue Committee
maintains tables of estimated e↵ective sweep widths based on altitude, weather conditions, and size of the
lost object.[2] We used Mathematica to interpolate this data and create a global sweep width function that
accepts any inputs, even those not on the table.

4.1.4 Searching the probable debris field e↵ectively using search planes

Once the model has generated a search area, it can calculate the best way to search it for debris. There
are many parameters used in this calculation: the number of search planes available, the types of planes
available and their search e↵ectiveness, prevailing weather conditions, visibility (how far one can see in terms
of nautical miles), and the size of the area to search. How the search is actually performed is described below
in section 4.5

4.1.5 Using reverse-drift calculation to approximate the origin of the debris

The exact time and location should be noted when a piece of debris is found. With accurate data that gives
the speed and direction of the ocean currents, the calculation used to predict the future location of the debris
can be used in reverse to trace the debris back to its origin. This gives us a more accurate estimation of the
location of the crash. This process is described mathematically in section 4.3.

Figure 2: A vector field representing the ocean currents moving an object[21]
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4.2 Generating the Search Area

To estimate the area where the plane could have gone down, our model takes into account various attributes
of the plane. We calculate the maximum unpowered glide distance (d) using this formula:[19]

d =
altitude

tan(✓)

where ✓ is the angle between the incoming plane’s trajectory and the ocean surface at which the plane
descends. We treat d as the maximum distance the plane could have traveled since we last had contact with
it.

A simpler model would use this maximum travel distance as the radius of a circle. But by using the
turn radius of the airplane, we can refine our estimate and reduce the search area. We consider that the
plane could have changed direction after we lost contact with it, but that the radius of its turn will a↵ect
how far it can travel after changing direction. To calculate the turn radius, we start by assuming completely
horizontal motion initially, then integrating horizontal velocity (in nautical miles per second) as the aircraft
turns 90 degrees. At a rate of 1.5 degrees per second, this takes 60 seconds.

V

x

(t) = speed ⇤ cos(1.5t)

r =

Z 60

0
V

x

(t)dt
(1)

Consider an aircraft travelling at 500 knots, with a maximum glide distance of 40 nautical miles. Its
turn radius is then 5.31 nautical miles. If the airplane does not turn, it can travel 40 nautical miles from the
last point of contact. But if it makes a 90�turn, it can only travel another 32 nautical miles because of the
distance spent turning. If it turns 180�, it can only travel another 23 nautical miles. Figure 3 demonstrates
this fact visually.

Figure 3: The more our example airplane turns, the less it can fly after the turn ends.

By generalizing this notion, we arrive at the following equations for the final horizontal and vertical
positions of the plane, given the angle turned:

x(✓) = r ⇤ sin(✓) + cos(✓) ⇤
�
d� arclength(✓, r)

�

y(✓) = r ⇤
�
� cos(✓) + 1)

�
+ sin(✓) ⇤

�
d� arclength(✓, r)

� (2)

Using these formulas for our example plane gives us the result in Figure 4. When we mirror this result
vertically to allow for the plane turning to the right, we get the result in Figure 5.

After generating these points, the model applies a rotation matrix to orient the shape to the heading of
the airplane at the last point of contact. Because we take the speed of the wind at the time of the crash as
a parameter, we know how fast it was blowing, but not which direction it was blowing in. Because of that
uncertainty, we decided to increase the size of the search area dependent on that wind. To that end, we
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Figure 4: The possible end locations for our example plane, if it turns only to the left.
The smaller circle represents the airplane’s turn radius.

Figure 5: The full range of end locations for our example plane.

had the model iterate through the originally generated edge points, calculate their normal vectors from the
center, and add the normal vector scaled by the wind speed to the original point. Thus, the entire perimeter
was expanded by the speed of the wind.

The model then applies a convex hull algorithm and saves the result as the initial search area. For
those unfamiliar with the concept of a convex hull algorithm, it is a method that produces a polygon that
“shrinkwraps” a set of points in the (x,y) plane. It does this by iterating through the points to construct a
polygon obeying the following rules:

1. All points in the set are either inside the polygon or are vertices

2. The chord drawn between any two points is either an interior chord or an edge; it can never leave the
boundary of the polygon

By using a convex hull algorithm, we were able to simplify the complex search shape into an almost elliptical
shape, and as such we arrived at our initial area in which the plane could have gone down.

We had originally considered adding an additional expansion of perimeter based on the debris flying
away from the initial point of impact, creating a “splash” e↵ect. However, we found that due to the terminal
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velocities of typical pieces of debris, such an expansion would only have a marginal impact on the original
shape. As such, we chose not to model this aspect of the crash, and we believe that it does not a↵ect our
calculations significantly.

4.3 Adjusting the search area over time

Now that we have an n-gon that bounds where the plane could have landed in the water at the time of
impact, we needed to account for the drifting of debris due to ocean currents. We were able to obtain ocean
current data for the vicinity of the Malaysia Airlines MH370 crash, so we decided to model the planes as
if they crashed near there. To calculate how the search area would move and reshape, we took the original
search area and placed it over a grid. Each square in the grid was given a “search marker”, and that search
marker’s longitude and latitude were recorded. To simplify the model, we made it such that the search area
only moves discretely overnight, as opposed to the real-life continuous movement of currents. Each cycle
took the current search marker locations, drifted that marker by 24 hours, then stored that new location
back.

We used Euler’s method to approximate the motion of the debris over time. To do that, we scaled the
velocity vector of the current at the debris’ location by the time interval, and then added that vector to the
position. This process is demonstrated below:[21]

(longitude
n

, latitude

n

) ⇡ (longitude0, latitude0)+�t(
@(longitude)0

@(hours)
,

@(latitude)0
@(hours)

) + ...+

�t(
@(longitude)

n�1

@(hours)
,

@(latitude)
n�1

@(hours)
)

(3)

Once all the original search markers were drifted by a whole day’s displacement, we called the convex hull
algorithm again to create the new containing n-gon, and the subsequent search area.

4.4 Search Theory

In the field known as Search Theory, the underlying goal with each search is to maximize the Probability of
Detection (POD). The POD is generally defined using the following parameters and equation:[3]

1. t = time allotted to perform the search, or the time that the search has been going on

2. n = number of searchers

3. r = rate of search, or speed of the searchers

4. s = e↵ective search width

5. a = total area to be searched

POD = 1� eˆ

✓
� t · r · n · s

a

◆
(4)

The e↵ective search width is not an easily definable number, but more of a concept. One of the simpler
ways to think about it is as such: suppose there is a rectangular search area, a, that has n objects to find in
it. Now suppose that you had just one pass through a and you wanted to find at least n

2 objects. Then the
e↵ective search width is the the minimum distance around you that would allow you to find those n

2 objects
by walking in a straight line through a.

4.5 Conducting an E↵ective Search

Now that we have a search area that changes location and shape with time, the second part of our model
compares three search methods and decides which of them gives the best Probability of Detection. These
were the methods that we tested:
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1. A search that has the searchers moving parallel to the longer edge of the bounding rectangle in parallel
segments

2. A search that has the searchers moving diagonally at an angle of 45�to the longer edge of the bounding
rectangle in parallel segments

3. An optimized version of the first search method.

All three search algorithms take the following parameters: a list of search planes, the size of the bounding
rectangle, visibility, and wind conditions. All three algorithms return the total area swept during that day’s
search. This will be represented by A in the sections below.

4.5.1 Parallel search

The parallel search method is the simplest search algorithm we tested. In this algorithm, search planes
simply fly in straight paths parallel to the long edge of the search rectangle. This minimizes time spent
turning around for another sweep and maximizes time spent searching.

The United States National Search and Rescue Supplement to the International Aeronautical and Mar-
itime Search and Rescue Manual defines some helpful terminology for describing this type of search. The
long tracks that the search planes fly along the search area are called searchleg straightaways. The paths
that the planes fly while going from one searchleg straightaway to another are called crosslegs. (See Figure
6 for a visual representation of this terminology.)

Figure 6: A visual representation of one leg of a search plane’s search path. (Source:
United States National Search and Rescue Supplement to the International Aeronautical
and Maritime Search and Rescue Manual)

In our algorithm, each leg of the plane’s search after the first one consists of two searchleg straightaways
and two cross segments.[2] The first leg of the search only contains one cross segment. Because the searchleg
straightaway is the part of the sweep actually spent searching, we attempt to maximize the time spent on
these segments. The crosslegs are made up of two quarter-turns and a crossleg straightaway to bring the
plane to the next sweep location.

Based on the range of each plane, the speed at which they can search, and the total area left to search,
the algorithm computes how many full search legs each plane can complete that day. The width of that
search area is then assigned to that plane, and the algorithm moves on to the next plane. This process
repeats until either there are no planes left with which to search or the entire area has been searched.

The area swept by this algorithm can be calculated by Equation 5, where n is the number of planes used
in the search and L is the length of one full sweep across the search area:

A =
nX

i=1

⇣
sweepwidth(plane

i

) · numlegs(plane
i

) · 2
⌘
· L (5)
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4.5.2 Diagonal search

The diagonal search method is based on the same principles as the parallel search method, but in this method
the search planes fly at a 45�angle to the long side of the rectangle. This changes the search in a few key
ways.

Firstly, this search method allows search planes to make much longer sweeps across the search area. It
thus maximizes time spent searching near the middle of the search area. However, near the corners of the
search area, the searchlegs can be extremely short, and many more turns must be made. In addition, the
angle of the paths causes the crossleg straightaway distance to increase for all crosslegs.

The area swept by this algorithm is more di�cult to calculate. Equation 6 provides a formula for the
calculation, where w and h are the search area’s longer and shorter dimensions, respectively.

SW =
nX

i=1

⇣
sweepwidth(plane

i

) · numlegs(plane
i

) · 2
⌘

c1 = h · sin
⇣
⇡

4

⌘

c2 = w · sin
⇣
⇡

4

⌘

A =

8
><

>:

SW

2 if SW < c1

c

2
1 + 2c1 · (SW � c1) if c1  SW < c2

wh� (c2 + c1 � SW )2 if c2  SW  c2 + c1

(6)

4.5.3 Optimized parallel search

A major drawback of both the first two methods is that they cannot use any more search planes once 100%
of the search area has been swept. We can improve on this behavior by assigning extra search planes to
sweep the area again, increasing the search coverage and probability of detection.

This algorithm begins by running the original parallel search algorithm, and saving each of the plane’s
search paths as a ”search block” for that type of plane. Each search block stores the type of plane it contains,
the number of search legs it contains, and the number of search planes assigned to the block. The algorithm
assumes that a search block can contain at most as many planes as it has search legs; for example, a search
block with five search legs can hold at most five search planes.

The planes in a search block cannot all begin their search at the same time; instead, each must ”wait
in line” for the plane in front of them to complete a leg. Because all aircraft must finish searching in the
allotted time, aircraft that begin their search later cannot search as great an area. This algorithm has each
search plane complete one less search leg than the plane before it; for example, in a block with three search
legs and three planes, the first plane would complete all three possible legs, the second plane would complete
two, and the third plane would complete only one. All planes in the block finish at the same time, before
their allotted search time expires.

For every consecutive plane, the algorithm finds the search block of that plane’s type that has the most
empty space for another plane. It repeats this process until all the blocks are filled or there are no more
planes left with which to search.

To compute the area e↵ectively swept in each block, the algorithm calculates the number of total search
legs swept by planes in the block. If L

i

is the number of legs in block i and P

i

is the number of planes in
block i, then the total legs swept in block i is:

TL

i

= L

i

+ (L
i

� 1) + (L
i

� 2) + . . .+
�
L

i

� (P
i

� 1)
�

=
PiX

k=1

L

i

�
�
1 + 2 + 3 + . . .+ (P

i

� 1)
�

= L

i

· P
i

� P

i

· (P
i

� 1)

2

(7)
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The total area swept can then be calculated using Equation 8 below, where n is the number of search
blocks and L is the length of one full sweep across the search area.

A

swept

=
nX

i=1

⇣
sweepwidth(block

i

) · TL
i

· 2
⌘
· L (8)

4.6 Full Statement of the Model’s Main Equation

Using the equation above and the equations below, our model can approximate how many days it will take
to complete the search.

A

search

= (max width of n� gon) · (max height of n� gon)

POD = 1� eˆ

✓
� A

swept

A

search

◆

daysX

i=1

POD > 0.95

(9)

4.7 Tracing the Findings to the Crash

Given the location of an object that has been moved by the current for t hours, we use Euler’s method once
again to trace the object back to its original location. This is done by taking the di↵erence of the position of
the debris and the velocity vector of the current scaled by a time interval, �t. This process is demonstrated
below and is repeated t

�t

times to approximate the original location of the debris.
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5 Results

5.1 Comparisons to real-world searches

In order to determine whether our search area and current drift calculations are accurate, it is helpful
to draw comparisons to searches for lost planes in the real world. The most famous airline crash of recent
memory was the March 2014 crash of Malaysia Airlines flight MH370. However, the crash of MH370 involved
several other unforeseen variables and uncertainties that make finding an accurate search area di�cult, if
not impossible. Instead, we will compare our model’s result to the 2009 crash of Air France flight 447, which
is a good example of a standard commercial airliner crash that was found using standard search methods.
The search area for AF447 was determined to be a circle of radius 40 nautical miles.[1] However, when we
plugged the data from that type of plane into our model (an Airbus A330[18]) we calculated a search radius
of about 125 nautical miles. The reason ours is so much larger is because our model assumes we know very
little about the crash. In the case of AF447, flight control expected to receive two messages only 60 seconds
apart, but it only received one. That gave them a very precise estimation of the time and manner in which
the plane went down.[1]. Our model does not expect this level of precision, and thus generates an outer
bound of where the plane could have gone down.

5.2 Optimal search methods

Our model ran detailed analysis on our three di↵erent search methods with varying numbers of search
planes, weather conditions, visibility distances, and sizes of search areas. For each combination of variables,
we calculated the number of days each algorithm would require in order to raise the probability of detection
above 95%. Each search method showed strengths and weaknesses depending on the unique combination of
these variables. Figure 7 gives a visual representation of the results from the latter two search methods.
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5.2.1 Behaviors of di↵erent search algorithms

The simple parallel search worked reliably in all of our di↵erent test cases. While it was usually not as
e�cient as the diagonal search, it did not produce any unexpected or impractical results. Its worst-case time
was 3581 days, with only 1 plane searching in 30+ knot wind and 1 nautical mile of visibility over 112,640
square nautical miles. However, the best-case time for this algorithm was three days, even with dozens of
extra planes, because it did not have the means to cover more than 100% of a search area in a given day.

The diagonal search generally performed better than the simple parallel search, usually achieving 95%
POD in a median of two fewer days. However, if run with only a few planes under adverse conditions, the
algorithm produced extremely ine�cient searches. With only one plane and limited visibility, this algorithm
sometimes took upward of 35,000 days to reach 95% POD—nearly 100 years of searching! The diagonal
search algorithm also has the same best-case time of three days, since it likewise cannot put extra planes to
use.

The diagonal search was our best-performing algorithm overall. Its performance was better than the
simple parallel search in most cases. Even though under adverse conditions this search does extremely poor,
most of the time, given typical search conditions, it will be faster than the optimized parallel. Under intense
time pressure, when the lives of the plane’s passengers may be at stake, this factor is highly desirable.

Figure 7: A visual representation of the results from our analysis of di↵erent search meth-
ods. Red dots represent results from the diagonal search algorithm; blue dots represent the
optimized parallel search algorithm. The horizontal axis is the unique index of the search
in our data. The vertical axis is the number of days in which the search was completed.
Values toward the right of the plot represent searches with more planes and higher wind
speeds.

5.2.2 Choosing the right algorithm for each search

It is clear that none of our search methods are perfect for every search, because each method has a best
and worst case depending on the parameters of the search. When planning a real-life search for a missing
aircraft, every single day spent searching is another day that lives may be lost, so choosing the optimal
search method for each day is critical. We will compare and contrast our latter two search methods: the
diagonal search and the optimized parallel search.

The diagonal search algorithm usually exhibits better performance than the optimized parallel search.
We suggest that this is because search legs near the middle of the search area can be much longer than those
in the parallel method. However, the diagonal search exhibits worse performance than the optimized parallel
search under a few specific conditions—sometimes worse than the optimized parallel search by several orders
of magnitude. The worst performance of the diagonal search algorithm occurs when searching a large area
with very few search planes and bad weather conditions. As visibility decreases and wind speed increases,
this algorithm exhibits poorer and poorer performance until it reports the incredible 35,000 days mentioned
above.
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The diagonal search also exhibits worse performance when searching a small area with many search planes
in good weather conditions. In these situations, the optimized parallel search is able to sweep sections of the
search area more than once each day, which can dramatically increase coverage and probability of detection.
Under these conditions, the optimized parallel search algorithm can sometimes complete its search in just
one day.

Based on these results, we can recommend the following courses of action:

• If using few search planes, the search area is large, and weather conditions are bad: Use the optimized
parallel search.

• If using many search planes, the search area is small, and weather conditions are good: Use the
optimized parallel search.

• Otherwise: Use the diagonal search.

6 Error/Sensitivity Analysis

Because our model does not find an optimal solution, but instead predicts the number of days it will take
to search any area, our sensitivity analysis will be based on a median problem, and we will then see how
changing the input parameters a↵ects the number of days the search will take. The parameters we analyzed
are:

1. Height of the crashed plane

2. Speed of the crashed plane

3. Speed of the wind at the time of the crash

4. The number of search planes in the air searching

5. The speed of the wind while searching

6. The visibility range during the search

For our sensitivity analysis, we had each of those parameters set to the following as the “baseline” we
would compare against:

1. 45000 feet cruising altitude

2. 459 knot cruising speed

3. 10 knot wind at time of crash

4. 21 search planes (AP-3C Orion)[9]

5. 20 knot wind while searching

6. 14.6 nautical miles of visibility

These parameters generate a search area of 85,957 square nautical miles to search. This baseline generates
an estimated search time of 11 days.

To perform our analysis, we changed each parameter individually and compared the new resulting esti-
mated days to our baseline of 11 days. We kept altering the deviation until we had a change on both sides,
or until we were convinced that changing in one direction would be ine↵ective.

6.1 Sensitivity with respect to the height of the crashed plane

We found that changing the altitude that the crashed plane was flying at by a deviation of 4000 feet created
a change in both directions. Decreasing the height by 4000 feet led to 10 days of searching, and increasing
by 4000 feet led to 12 days of searching. As such, it appears that a linear change of the height results in a
linear change in the number of days to search at a rate of 1/4000.



Team # 36178 Page 15 of 17

6.2 Sensitivity with respect to the speed of the crashed plane

When we changed the speed of the crashed plane, it only altered the turn radius which in turn altered the
size of the search area. However, we found that any reasonable change in the speed from our baseline (459
knots) only had a marginal e↵ect on the estimated days, and as such this does not appear to a↵ect our
sensitivity analysis.

6.3 Sensitivity with respect to the speed of the wind at time of crash

When we altered the speed that the wind was blowing at to be anything less than 10 knots, we found that it
did not a↵ect the estimated number of days. However, increasing the speed by 5 knots gave us 1 more day
that we had to search. Thus, this appears to a↵ect the answer in a linear fashion above 10 knots at a rate
of 1/5.

6.4 Sensitivity with respect to the number of search planes

As we changed the number of planes, we found an interesting result: decreasing the number of search planes
by 2 planes increased the search time by 2 days, but adding 2 search planes only decreased the search length
by 1 day. As such, it appears that the search time has an inverse exponential relation to the number of
search planes.

6.5 Sensitivity with respect to the speed of the wind while searching

Because of the piecewise function our model has to use to calculate sweep width based on the wind speed at
the time of the search, we had to make large changes to the wind speed in order to get a change. When we
increased wind speed by 6 knots, it doubled the search time, and when we decreased by 6 knots it halved
the search time. In real life, this is most likely a logistic relation, as the time will eventually cap regardless
of wind speed, and will bottom out when wind speed gets below a certain level.

6.6 Sensitivity with respect to the visibility while searching

When we performed our sensitivity analysis on the visibility, we found that any visibility above our original
14.6 nautical miles had no e↵ect on the time it would take to search the area, but going down by 1 nautical
mile increased the time it would take by 1 day. From this behavior, it appears that this is another inverse
exponential relation.

7 Analysis of our Model

7.1 Strengths

Our model can calculate the possible “splash-down” area using only the altitude, speed, and last known
coordinates of the plane, which is much less data than most searches typically require. Using those three
parameters, the model is able to generate a more realistic search shape than just a circle or rectangle. It can
also use real-life ocean current data to have the debris search area drift accordingly, allowing it to change
shape and size. Other models might just have a static search area, and debris might drift out of that. A
third strength of the model is that, regardless of the shape of the area, we are able to model and predict how
long it will take to search that area su�ciently to have a 95% chance of finding a piece of debris, if there is
any debris to be found.

7.2 Weaknesses

While our model is quite robust, it has a few important weaknesses. One of them is that, in order to run
our search patterns, the model has to search a rectangle that bounds the search area, rather than only the
area itself. This means that, depending on the orientation and shape of the actual search area, the search
planes may spend excessive amounts of time searching outside where the debris could be. Another weakness
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at the moment is that the model can only calculate current drift in the vicinity of where flight MH370 went
down; we lack the data necessary to model ocean currents globally. Our model does not account for survivors
floating on debris or in rafts moving the debris against the current and outside the search area as they head
for land. Also, our model does not take into account the speed of the crashing plane when it loses power
and begins to glide, so the actual search area might be larger than what we are currently estimating.

7.3 Future improvements

Due to the limited time available to us, there were some simplifications that we had to make to our model
that we would like to expand upon, given more time. We would like to develop a way to incorporate local
current data measured at the site of the last known point of contact and model the drift using that, rather
than just a small section of data that we were able to find for flight MH370’s area. We would also like to
expand upon our “splash-down” shape by accounting for more possible types of loss-of-contact other than
just loss of power. A third area we would like to improve in the model is to incorporate other search methods
and continue comparing them until we have a definitive “best” method, rather than the best of three that
we chose. The fourth way we would like to improve the model is to continue writing and integrating the
program so that each day’s search area is displayed with latitude and longitude coordinates at the corners
for reference, and the search pattern the planes are to fly is traced onto the map as well for convenient
visualization.

We would also like to add a feature that allows you to put more specific data into the model and thus
narrow the search parameters. For example, future versions of our model may allow the user to provide the
distance that search planes must fly to reach the search area as a parameter. It may also allow the user to
provide the time since the crash occurred, eventually.

8 Conclusion

The model we have described in this paper is a robust and comprehensive model that can assist searchers
throughout the search for a missing airplane. When the airplane goes down, our model can give a maximum
bounding area of the plane’s location, carefully limited by the airplane’s turn radius. Every day, when given
a search pattern and information about the search conditions, the model can predict the search area covered
and report the probability that debris from the crash will be found. Each day, the model can precisely move
the search area based on ocean current data, so searchers can know exactly where to focus their e↵orts, and
once debris is found, the model can trace the debris back to the original location of the crash.

In addition, testing our model on di↵erent search methods revealed that there is no one perfect way
to search for a missing plane. Depending on the weather, the area to search, and the number of planes
available, di↵erent search algorithms may yield di↵erent results. But by testing these algorithms on a variety
of scenarios, our model was able to generate recommended search methods for di↵erent search situations.

There is no one way to search for a missing airplane—there are simply too many unknowns, too many
variables, too many things that can go wrong in di↵erent ways. But no matter the type of plane, the time
it went down, or even the weather, we hope that our model could help searchers at every step of the way.
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Addressing)the)Press)Regarding)the)Plan)for)
Future)Searches)

)
 Our new plan for searching for planes that are lost over large bodies of water can 

be summarized by three stages: finding an approximate location for the site of where the 

plane went down, searching this location for evidence of the location of the plane, and 

analyzing the findings to obtain a better approximation for the location of the plane. This 

process is repeated until the plane is found. These stages will now be explained in further 

detail. 

 Upon receiving news that one of our planes has been lost over a large body of 

water, we will first gather information regarding the situation, such as the model of plane, 

the point of last contact, the time of last contact, the weather in the area, and the heading 

of the plane. We will then use this information to determine an area that the plane could 

have gone down in. This area is usually a circular shape. 

 After determining the area that 

the plane could have gone down in, 

we will trace a rectangle around this 

area and search the rectangle with 

search planes. If few search planes are 

available, they will search in a 

straight-line pattern across the long 

side of the rectangle. If ten or more 

planes are available for the search, 

The$full$range$of$end$locations$that$the$plane$could$have$crashed$at$



then the planes will fly diagonally across the rectangle to cover the area more efficiently. 

The planes will use visual techniques to spot evidence of the plane’s location, such as 

debris. 

 

  

 

 

 

Every time debris is found, we will use data of ocean currents of that location to 

determine where that debris originated. This will give us a better approximation of the 

location of the plane, and we will start again with the first stage and repeat this process 

until the plane has been found. 
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A$vector$field$showing$how$ocean$currents$move$debris1$
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