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Abstract. The problem of UAV fixed-point delivery is of great significance in the field of military and
relief supplies delivery. In order to better calculate the distance of UAV delivery, this paper establish
a UAV fixed-point delivery model. At the same time, this paper use the difference method to calculate,
and the error analysis of the model, which verifies that the model has good applicability.
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1. Introduction

With the development of science and technology, UAVs are widely used in many fields. The
delivery accuracy of a fixed-point airdrop of a UVA depends not only on the operating technique, but
also on the state and environment in which UAV performs the task. Researchers from different
countries have carried out systematic research on the UAV problem, but the research focus is still
different, including focusing on different research modules such as target recognition, tracking
strategy, simulation theory and so on. In this paper, by using the relevant laws of aerodynamics, the
relevant models of UAV fixed-point delivery are established, the delivery strategies of spheres under
different circumstances are solved and the stability analysis of UAV is carried out. It can enrich the
theoretical research in this field in China, provide reference for similar research, and provide guidance
value for the better application of UAV in express delivery, military, emergency rescue and other
fields.[1-2]

2. The basic funamental of UAV fixed-point delivery model

2.1. Establishment of UAV fixed-point delivery model

We only consider the case of UAV flying in horizontal mode.At the same time, we consider the
shape of the material to be spherical. The schematic of the aircraft dropping material is shown in Figure
1.

The trajectory of a flying object

Horizontal Plane

Figure 1. Hlustration of UAV delivery of supplies
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According to reference [3-6], the air resistance of ball flying is

f —%Cdpsz (1)

wind —

In this formula Cy4 Is the drag coefficient(This paper argues that C4 is 0.53),p is the density of
air, Sisthe projected area of the ball object.Now the straight-line distance between the launching point
and the target point is solved. It is easy to know that the component force of air resistance in the
horizontal plane of UAV movement is

f., =fcosd (2)

wind,
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Similarly, the component force of air resistance in the vertical direction can be obtained as
1 Vv 1
frina, = —ECdpsz — = —ECdPSVw N2 4y} (4)
N +Vv,

The air resistance decomposition is shown in the Figure 2.

The drone flies in a horizontal plane
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Figure 2. Schematic diagram of air resistance

The spherical material is subjected to force analysis. It is affected by air resistance in the horizontal
direction, gravity and air resistance in the vertical direction, and the relationship between air resistance
and displacement can be obtained according to the relationship between acceleration in each direction
and the external force in each direction

d’x 1
2 fwind
dt® m : )
d’y 1
2 T fwmd +9
dy m ’
The integral transformation is applied to the differential equation.
2
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The above equation can be obtained by integrating it.
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At the end of the flight,y = h.The straight-line distance between the transmitting point and the
target point has the following expression

r’ =x>+y? (11)

2
=r? ={_ Ci,rgs [In(vX + V2V )—In(v0 + V2V )}} +h? (12)
=r= \/{— Cjzs [In(vX + V2 + V2 )—In(v0 + V2 +V; )}}2 +h? (13)

Therefore, the model of UAV delivery distance is obtained.On this basis, the influence of wind
speed is introduced. The wind speed can be regarded as the relative speed of the object and the air, so
the problem can be regarded as the air is still in the case of no wind, and then the wind speed can be
regarded as the speed of the spherical material itself. By vector adding the wind speed to the original
speed of the material:

V= V2 4+ Vg + 2oV, COSO (14)

Among them®is the angle between the wind speed and the material speed. It is necessary to consider
the impact of material speed and wind speed simultaneously when using this model.

2.2. The difference method is used for the calculation

Although the flight distance can be calculated directly, the solution of the horizontal flight speed
and vertical flight speed is related to y, and the integration of y is extremely complex, so the idea of
difference is adopted. [7-10]

The horizontal acceleration and vertical acceleration of spherical materials continue to change with
the change of velocity :

d?x
Vx :Vx +Ft

4 (15)
Vv, =V, +—Zt

dt
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d2 d2 . . .
Among themd—tf and ﬁcan be viewed as a function of time t

d?x
pTel f(t) (16)
d’y

The continuously varying acceleration is not conducive to the calculation, so the idea of difference
is used. First, a time unit At is established. When At is small enough, the motion of the sphere in
this time unit can be regarded as a uniform acceleration motion. At the end of one-time unit, the

2 2
acceleration % and % are updated, and the next time unit is started until the vertical displacement
is equal to the flight height. In the loop, there are.

2
vV, =V, +d—;(At
dt
X= x+3—)t(At
ay (18)
V, =V, + a2 At
dy
=y+—=At
y=y at
The initial state is defined as
d?x 1
Flt:o:_acdpsvg
. (19)
ay, -
dt2 t=0"" g

3. Results

3.1. Practical application of the model

In order to further test the applicability of the model, we give the calculation results of the model
in a specific case. We assume that the material is spherical, with a radius of 20cm and a weight of
50kg, and that the UAV has a flying height of 300m, a flying speed of 300km/h, and a wind speed of
5m/s, and the wind direction is parallel to the horizontal plane. We calculate the delivery distance of
the UAV under three conditions: the UAV flying direction is the same as the wind direction (the Angle
is 0 degrees), the opposite (the Angle is 180 degrees), and the vertical (the Angle is 90 degrees).

Calculate by computer programming. The specific process is as Figure 3
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Program initialization
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Figure 3. Program flow chart

Finally, the trajectory diagram of the spherical material in the same wind direction is shown as
Figure 4
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Figure 4. Trajectory diagram for the same wind direction
The trajectory diagram of the spherical material in the opposite wind direction is shown as Figure

o4
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Figure 5. Trajectory diagram when the wind is opposite.
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The trajectory diagram of the spherical material in the vertical case is shown as Figure 6
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Figure 6. Trajectory diagram when the wind direction is vertical.

The following result can be obtained by calculation: When the wind direction is the same.
r=652.637m

When the wind is in the opposite direction

r=602.665m

When the wind is vertical

r=628.468m

3.2. Analysis of Calculation results

It is not difficult to find that using the UAV fixed-point delivery model based on the difference
method can help us calculate the delivery distance better.But in the process of solving the delivery
distance, the existence of error is inevitable. The launching distance will be affected by the change of
flight height and flight speed (only the effects of flight height and flight speed are considered here
because the air resistance is related to the ball itself and the flight speed). Through the computer, the
flight height and flight speed are changed respectively to get some discrete data, and then these data
are fitted to judge the impact of the change of flight height and flight speed on the launching distance.
Here we choose to explore the degree of change in the delivery distance caused by the change rate of
flight height and flight speed.

Changing the initial velocity v, and the initial height h,, the changed velocity and height have
the following relationship with the original velocity and height.

v=V,(l+a) (20)

h=h,(1+ ) (21

Where a and S are the rate of change of flight speed and flight altitude, using the optimized model,
the relationship between the changed delivery distance r and the original delivery distance r, can
be obtained.

r=r,1+y) (22)

Where y is the rate of change of the delivery distance. The diagram of the relationship between y
and « isas Figure 7
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Stability analysis of flight speed
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Figure 7. Stability analysis of flight speed

The diagram of the relationship between y and g isas Figure 8

Stability analysis of flight altitude
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Figure 8. Stability analysis of flight altitude

It can be seen from the image that there is a good correlation between the launching distance and
the flight height and speed. Therefore, the model can be used to analyze the relationship between the
launching distance and the flight height, the linear distance between the launching point and the target

point, and the air resistance.

4. Conclusions

The model takes into account the movement of the ball in the air and the friction and can still
calculate the launching distance when the conditions change and there are errors. It has strong anti-
interference and good robustness. However, this model can only deal with the situation when the ball
is moving in the air. If the shape of the object is changed, this model is not applicable. At the same
time, the model does not consider the rotation of the sphere itself, that is, it is idealized. In addition,
the model can be further improved by adding the influence of the ball's own rotation on the air

resistance, which makes the

model more comprehensive.
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