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Abstract: With the rapid development of international aviation, air disaster often happens. When the plane crashed in the
vast ocean, how to locate the wreckage and fast and effective rescue is worth studying. This paper focuses on locating the
crashed plane, determining the rescue area and the search strategies. To locate the crashed plane, the mechanics principle
of the crashed plane is analyzed and the dynamic differential equation which can be solved by applying the fourth-order
Runge-Kutta algorithm was built. Substituting the related parameters into the numerical solution, We can get the final
trajectory and the velocity of the crashed plane. Thus, the crash site can be roughly determined. To determine of rescue,
according to the ocean currents of the crash site and the suspicious area, the drifting trajectory of the main plane wreckage
to set up rescue area can be roughly confirmed. For the search strategies, the Bayesian probability is applied in the search
area. Firstly, the search area can be divided into several small areas which can be represented by appropriate search
probabilities in term of the distances between among of drifting trajectories and other subjective information. The closer
distance, the greater the priority search probability. Then the search work can be started a prior in the small area with the
highest probability. If the crashed plane cannot be found, the priority search probability of every small areas should be

updated and repeat the previous work until the end of the search.

Keywords: Air disaster, search strategies, drift model, bayesian probability, the dynamic differential equation, the fourth-order
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1. INTRODUCTION

In order to indicate the origin of “supporting locate and
search operations based on drift model and bayesian
probability” problems, the following introduction is worth
mentioning. Search and rescue operations are often
characterized by a similar set of constraints: time is critical
and any delay can result in dramatic consequences —
potentially human losses; operational environments are
unfriendly, e.g. disaster scenes, air disaster, etc. Some
mathematics model have already demonstrated their benefit
of seaching the Malaysia Airlines Flight 370 which was a
scheduled international passenger flight which is disappeared
on Saturday, 8 March 2014, while flying from Kuala
Lumpur International Airport to Beijing Capital International
Airport.

In this paper, our focus is to build a generic mathematical
model in order to assist "searchers" to plan a useful search
for a lost plane feared to have crashed in open water while
flying from Point A to Point B. The analysis of locate and
search strategies when the time to find the victim (also
referred to as target) is the optimization criterion. In
particular, It is assumed that there are no signals from the
downed plane and there are many different types of planes
for which the "searchers" might be searching.
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The remainder of the paper is organized as follows. In
Section 2, how to locate the crashed plane was described [1].
In Section 3, the drifting trajectory of the main plane
wreckage in order to set up rescue area was confirmed to
determine of rescue. In Section 4, for the search strategies,
the Bayesian probability is applied in the search area.
Finally, a conclusion is provided in Section 5.

Next, we describe the data and methodology used in
more detail.

2. THE MODEL FOR DETERMINING THE
LOCATION OF CRASHED PLANE

It is considered that the plane has been exerted by gravity
and airflow resistance with respect to air density. The air
density is greatly changing within 10km height. Therefore,
the density is considered as the distribution of vertical
direction. Firstly, we decompose gravity and airflow
resistance to the tangential direction and normal direction of
its movement, and obtain tangential acceleration and normal
acceleration. Then we establish kinetic differential equations
on plane coordinate system. Finally, we apply the fourth-
order Runge-Kutta algorithm to get the solution of
differential equation namely the track of crashed plane by
using the software Maple [2].

In order to prevent the plane plummeted down to earth
because of loss of speed, the driver would take the initiative
to give up a part of the height of the plane to obtain enough
speed after the breakdown of engine. That is, converting
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gravitational potential energy to kinetic energy. This
operation is called unpowered glide.

After the loss of plane engine, according to the
assumptions, the plane will land with headlong down the
land, at this time. There are two forces act on the plane. G is
the gravity and is the wind forces, as shown in Fig. (1). In
order to prevent the plane plummeted down to earth because
of loss of speed, the driver would take the initiative to give
up a part of the height of the plane to obtain enough speed
after the breakdown of engine. That is, converting
gravitational potential energy to kinetic energy. This
operation is called unpowered glide.

Fig.(1). The stress diagram for the plane wreckage.

The other two parameters is the angle 6 (witch is between
the horizon and the path of the down plane) and the angle o

(which is between the F. and the path of the down plane),

the angle a is got from the calculation of lift-to-drag ratio
(when a plane flying, the ratio of lift and drag at the same
angle). As shown in Fig. (1).

We can get the kinetic equation in the horizontal and
vertical directions from the formula (1) and (2).

d
Mgsin@—FCCOSQ:M—v (1
dt
do
Mg cosO —F_sin@ :Mv7 ()
t

It is observed that the relationship exists between angle
and the component of velocity can be described as the
formula (3), obviously, the component of velocity and the
actual velocity satisfy the formula (4).
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an(r—0)=2 _ X 3)
y

V=5 +5 4)

The calculation formulas of F, can be

1
FC =5 DpSV2 )

Where.
C, =0.12149-0.01714C,”> +0.00690C,’ (6)

The formulas for lift force can be
| -

Where.

C, =1.1488+0.118320” +0.000920° 8)

2.1. The Solution of the Model

For the classical plane, the wing’s reference area S is

75m’, plane weight is 20 ¢, the initial values of @ is 0, the
flying velocity is 900 km / h (about 275 m/s ), We can ignore
some flight attitudes of the plane which is located 10000
meters above the sea level. For general plane, the low-speed
or the subsonic plane’s Lift-to-drag ratio can reach 17 ~ 18,
then, let ay=arctan 1/17. According to the established model
and the requirements of the problem, the equations can be
solved by using Runge-Kutta method.

Substituting the equation (5)-(8) into the original equation,
we can obtain

—gL—LpCS(X2+)}2)cosa=M 9)
’xl +y2 'XZ +y2
X 1 VX — pX
g—F—=-—pCS(x’ +7")sina = S (10)
x-jZ + )-)2 2M 'XZ + )-}2
The higher-order singularly perturbed ordinary

differential equations are reduced to the low-order
differential equations in order to give numerical solution.

If:
X=X X, =y (In
X, =X X, =y (12)

And then substituting the equation (11), (12) into
equation (9) and (10), we get four first order differential
equations as follows:

X, =X, (13)
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1
X, =———pCS\/X" + " (ysina + X cos ) (14)
2M
X =x, (15)
1
X, =—g+——pCSy[x" + ) (¥sina — ycos ) (16)
2M

p is a variation with respect to the height, so we need to

analysis and solve it with height changed. It can be
considered that the weight of the air column is equal to its
pressure in the numerical values, according to this thought to
obtain the result.

—dp =1.293 % X wx9.80665% dh a7

101325

In the equation (17): 1.293 kg /m’ is the density under

normal atmospheric conditions(latm, 0°C,101.325kP). P is
the pressure’s correction coefficient on the density, W is the
temperature’s correction coefficient on the density,

g = 9.80665 m/s2 ,h is altitude , p is the air pressure at / .

Set temperature of sea-level as 15 °C and the temperature

of the altitude of 10km as 50 °C. The temperature variation
is homogeneous and air density is inversely proportional to
the absolute temperature, thus

273.15
w= (18)
15+50
253.15+15— -h
10000

Substituting the equation (18) into the equation (17) and then
doing a integral, we put the special values conditions into
formula to get the final result.

P _ e5.258851n(288.15—0.006h)—18.25731

(19)
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Fig. (2). The trajectory of the plane from a height of 10k meters.
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As shown in Fig. (2), the distance is about 8.6k meters
from the site. The lateral velocity and the longitudinal
velocity of the plane when it crashed into the sea from
different heights can be calculated by maple programming.

Fig. (3). The horizontal velocity of the plane from a height of 10k
meters.
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Fig. (4). The vertical velocity of the plane from a height of 10k
meters.

The horizontal and vertical velocity of the plane which
crashed into the sea from a height of 10k meters is
simulated. The plane crashed into the sea level at the

horizontal velocity of 70 m/ s and the vertical velocity
is -250 m/s. As shown in Figs. (3 and 4), the left y-axis is
height (m ), x-axis is the velocity (m/s) of the plane, the
right y-axis is height (m ), the x-axis is the vertical velocity
(m/s) of the plane.

2.2. The Determination of Suspicious Area based on Drift
Model

Carried by sea water and pushed by wind force, the plane
wreckages floating on the sea surface drifts forward and
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deviate the original position [3]. Set the original position of

the object as S , through the time step of Af, it drifts to

another position which is set as 5 , then it can be
S=S + [ var (20)

V. stands for the plane wreckages’ velocity at time # and it
is a function related to space and time. With this velocity, the
plane wreckages eventually moves to S through the time

step of Ar.the formula above is called as The Euler-
Lagrange tracing method. If the Aris small enough, then we

can take the velocity at 7 as the velocity the plane

wreckages owns in the period of As. By this way, when a
tiny time step is set in the computer system, the motion trace
of the plane wreckages then can be divided into a sequence

of addings of discrete uniform motion. After it comes to S ,

The displacement in the next time step can be calculated out
by using the velocity we have got. The main wreckage the
offsetting model studied here is sea surface wind (ocean
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trajectory of the plane wreckages, therefore, the following
inference of the possible drifting trajectory of the wreckages
is based on the hypothetical possible crash area and the
general direction of the Southern Indian Ocean’s currents.

Fig. (5) shows the possible crash area and the general
direction of the Southern Indian Ocean’s currents, and based
on which it can infer the possible drifting trajectory and
searching and salvage areas.

3. THE SUSPICIOUS AREA SEARCH MODEL BASED
ON BAYESIAN PROBABILITY

As shown in Fig. (6), It is assumed that the probability of
missing plane which is located in the area is p, the
probability of successful search is pin that area. If it is
unable to find missing plane after searching here, the
probability of successful search would update in this area to

__ pi=p) :pl—q
(I-p)+p(d-q)  1-pq

For the other areas, if the probability of missing plane
which is located in the other area is », the probability is
updated to

<p 21

current). ' !
r=r >r (22)
Due to the lack of the detailed data of the Ocean’s 1-pq
currents [5], it can’t theoretically calculate the drifting
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Fig. (5). The possible drifting trajectory and searching and salvage areas.
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Fig. (6). The search probabilities in term of the distances between among of drifting trajectories and other subjective information.

For the search strategies, the Bayesian probability is
applied in the search area. Firstly, the search area can be
divided into several small areas which can be represented by
appropriate search probabilities in term of the distances
between among of drifting trajectories and other subjective
information. The closer distance, the greater the priority
search probability. Then the search work can be started a
prior in the small area with the highest probability. If the
crashed plane cannot be found, the priority search
probability of every small areas should be updated and
repeat the previous work until the end of the search [5-8].

As shown in Fig. (6), the deepest color represents the
highest probability of missing plane which is located in this
area. If the crashed plane cannot be found, the priority search
probability of deepest color areas should be decreased while
the search probability of other light color areas should be
increased. Then, repeat the previous work until the end of the
search [9, 10].

CONCLUSION

In this paper, we studied that the model which deduces
the crash area based on rigorous principles of Physics. Its
results of calculation is rather reliable; The searching
strategy, which is based on the Bayes inference principle, is
easier to be carried out. However, the inference of the plane
wreckage’s possible drifting trajectory and searching and
salvage areas are only based on the crash area and the
direction of the ocean currents, which is not rigorously
calculated.

In future work, we intend to rigorously calculate the
inference of the plane wreckage’s possible drifting trajectory
and searching and salvage areas by considering the complex
directions of the ocean currents. We also intend to study how
search algorithms based on drift model and bayesian
probability when the number of states increases.
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