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Abstract: Aviation ad-hoc network with the characteristics of large scale, high dynamics and the
small node density, there are many problems exist in the high-speed mobile environment. The link
constituted between high speed airplanes has a certain particularity. Consequently, the aviation
ad-hoc network protocol design must first study the dynamic link. This paper adopted the method of
probability calculation to deduce the mathematical formulas that represent the link life, expectations
of the relative rate. Then the simulation experiments verified the accuracy of theoretical calculation.

1. Introduction

Aviation ad-hoc network is a MANET composed of civil aviation aircrafts in certain airspace.
The aircrafts can be able to exchange their flight status and awareness information, and forward
control command information send from the ground to each other, also can be connected to the
ground INTERNET gateway in a single hop or multi-hop INTERNET gateway. Aviation ad-hoc
network has the ability of self-organization, self-healing and fast, efficient networking ™. It has a
broad application prospect.

2. Network modeling of link dynamic

Link dynamics analysis is the foundation of the network protocol design, and the research has
great significance for aviation ad-hoc network 2. The measurements of link dynamic including link
life, residual link life, new link formation rate and the link rate

Due to the flight speed and direction of flight is unchanged, the aviation ad-hoc network belongs
to the quasi-linear MANET !, Random way points and random walk model is not applicable to
aviation ad-hoc network, and constant velocity (CV) mobile model can accurately describe the
movement rule of the civil aviation aircrafts . Establish the rectangular coordinate system XOY as
figure 2. Assume that node 1lis static, node 2 move from A to the communication area of node 1
with relative speed and leave it.

A
v=|v|= JVZ+V2 —2v, cos @ 1)
. .
p=2LV= arctan(&) (2)
cos@d—-v, /v,
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Figure 1 communication link of node 1 and node 2

the joint probability density function of random variablesv, ¢ and e« is:

fupe (Vi) = ——— : VCOS(a+¢)g(V¢V){U(a+(—+¢)) u(ar - (——¢))} ©)

47z(b—a)
u(-) isthe standard unit step function.
_u(h(v,¢,v,) —a) —u(h(v.4,v,) —b)
g(v.¢,v,) = hv.gv.) (4)
h(v,4,v,) = \/vz +V + 2w, CoS ¢ (5)

3. The analysis of the dynamic link

(1) The relative velocity
In CV mobile model, the probability density function of the relative velocity v is:

Lw=[[ f,0adpay, =] [ mvg (v, v, )d v, (6)
Use MATLAB to calculate formula (6). The result is shown in figure 2. The figure shows that
the relative rate spread over 100 ~ 400 m/s, and 300 ~ 400 m/s are most concentrated ..
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Figure 2 the probability density function of relative rate
(2) Link life
The link length of node 2 in the communication range of node 1
2R -cos(a + ¢)|

\'

Oy = |2R-C0S(cx + §)| = 2R|cos(a +¢)|, so the link life ist,, = , and the link life

expectancy is:

Tk = v¢a[tllnk] _[ j J. Lk v¢a(V¢a)dad¢dV (7)
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Substituted into the formulas to calculate the final result:

R
Tink = m (_[0

In the formulag, = 7 — arcsin(ﬁ) .
V.
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Figure 3 the relationship between link life expectancy and node rate
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The numerical calculation results of formula (8) as shown in figure 3, it shows that the
expectation of life is first increases then decreases with the node rate increases. Although in aviation
ad-hoc network, the node movement rate is very high, because of the long communication distance,

the link also can maintain a long

4 . Simulation results

time.

Build a network model in the MATLAB, set 100 nodes in the network scenario and the
movement rate and direction is random. Set different movement rate for node land repeat the

experiment.

Figure 4 the theoretical value and simulation value of relative rate
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Figure 5 the theoretical value and simulation value of links life expectancy

5. Conclusions

This article adopted the method of probability calculation to study the link dynamics of aviation
ad-hoc network. The mathematical model of links between airplanes is established. Use the theory
of probability to deduce the mathematical formula of the relative velocity and link life expectancy,
and verified by simulation experiments.
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