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Abstract: This paper introduces the reasons and classification of wireless space fading,
statistical characteristics of different types of channels. Through the analysis of
reentry channel characteristics, we select the two pathes frequency selective slow
fading channels.The spectral density function of Doppler power about two
scattering path is derived.Channel model is established by rician method.Then
determine the channel model parameters and simulate the wireless fading channel
model with Matlab / Simulink software
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1. the introduction

Since 1999,when Shenzhou spacecraft was successfully launched, China has opened
the prelude of deep space exploration. with the development of the aviation industry,
When spacecraft return, which passed four stages: aberrancy, interim ,reentry and
landing . When entering the reentry vehicle, the communication between Aircraft and
ground control station is special. Firstly, The electromagnetic wave spread in wireless
channel, which occur Reflection, Scattering and Diffraction with the ground,
mountains, trees and other obstacles reflection. The ground stations received a
superposition of multiple paths, which called multipath effect. Because the distance
between the aircraft and station so far , make the time delay between different path is
bigger. Secondly, the capsule reentry return, it has the characteristics of high speed
and dynamic change, so there is a high dynamic Doppler effect. Thus it can be seen
that study the anti fading channel is the key to the stable and reliable landing of
spacecraft.

2. wireless spatial channel characteristics

When the spacecraft into reentry period, it communicate with the ground control
station that is wireless channel. Due to the influence of multipath effect, different path
components that amplitude, phase and arrival time and the incidence angle are
different. They are make the received composite signal in amplitude and phase have a
serious distortion, which occurred in the multipath fading.

2. 1 wireless Spatial Channel Characteristics

Multipath effect can generate the time dispersion effect and frequency selective
fading, Doppler effect will generate the frequency dispersion effect and the time
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selective fading [2], which are called the small scale fading. The curve which
amplitude change fast and larger is the small scale fading curve, according to the
characteristics of the spacecraft in the reentry communication, this paper mainly
introduces the small scale fading.

According to the relationship between the coherence bandwidth B, and signal

bandwidth of the symbol B [1], the multipath fading channel can be divided into two

categories:
(1) B, < B, ,the channel is called flat fading channel. In this case, the delay between

different paths is very small.
(2) B, = B, ,the channel is called the frequency selective fading channel. In this case,

the channel causes serious distortion of the signal. The small scale fading and Large
scale fading as shown Figure 1.
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Figure 1 the small scale fading and large scale fading
3. 2 flat fading channel model
The flat fading channel is complex Gauss random channel that composed of two real
gauss random process, the PDF of the amplitude is the Rayleigh / rice distribution. So
the flat fading channel can be modeled by the rice method that as shown in Figure 2,
p is Amplitude fading of direct path, fis Doppler shift of direct path, & is phase shift

of direct path.
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Figure 2 rayleigh/rice channel model
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Because the direct path m.(t) is a time variant stochastic process, considering the rice
complex random variable

Hy() =, () + ju, (1) (1)
Therefore, the amplitude and phase probability density function as below:
N,
55(2)2421_”{ jo [T1302rc, v)g,(z,0,v;)dv, |
n=t (2)
N,
A, TT13s(2m c,0v2)1g,(2,6,v,)dv, Jdo
m=1

5,(0) =4[ (2] T][3(2nc, v)lg,(z.0.v ), }
N 3)
A T3 (2, v:)19,(2,60,v,)dv, Jdz

Whenc, -o. /2N, » o=1f, =0N,=7N,=8, @, is random number which range is

[0, 27).Through the simulation of different # ,the probability density distribution
and Autocorrelation function are obtained, as shown in Figure 3.
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Figure 3 the PDF and autocorrelation function  Figure 4 elliptical scattering model

3. 3 frequency selective fading channel model

Parsons and Bajwa proposed an elliptical scattering model, as shown in Figure 4.
When path a lot, have a lot of numbers of delay z, (t) .

the focus, and all of the ellipses are common focus, and the circumference of each
ellipse is a collection of all the same points in the distance to the focal point.
According to the time variant impulse response of the elliptic model and the
frequency selective fading channel, the channel model can be described as:

L-1
h(z.t) =Y A(z), (V3(r-7,) @)
1=0
¢ (t) indicates the path component of the delay forz,, which can be expressed as
follows:
N,
_ (27t t+6,,)
¢ ()= nz_;bme o (5)

b, ~ f.,~ 6, respectively represents the amplitude attenuation, the Doppler shift
and the phase shift for the N path in thez, path, the c(t) can be modeled as a flat
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fading channel model. h(z,t) can be modeled as a discrete tapped delay line model,
as shown in Figure 5.

Figure 5 frequency selective channel model

4. modeling and simulation of the downlink communication channel in reentry
phase

The multipath phenomenon of the downlink communication link in the return module
as shown in Figure 6. Due to the altitude of receiving antenna as low, the delay
between the path and the direct path is very small, so it can be ignored. But the delay
between the mountains reflected path and direct path is longer, that will generate code
asked crosstalk. Therefore, the downlink channel should be modeled as a frequency
selective slow fading channel in the reentry process. Through the analysis, return
cabin of downlink can be modeled as two channel models, the first the first path is
zero delay path, mainly produced by direct path and the antenna near a ground
reflection and scattering .The second path for the large time delay, mainly produced
by mountains, clouds and other large obstacles reflection and diffraction.
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Figure 6 the multipath phenomenon of capsule downward communication link
channel
From the above analysis , the key of two paths fading channel modeling is how to
determine the delay coefficient £(z;) and the delay path C,(t) so that the path
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model is more close to the actual channel characteristics. C,(t) can be expressed as

N, Ni2
C(t)y=>a,,c052xf,  t+6,,)+]> a, ,co8(2zf, t+6,,) (6)
n=1 n=1

Equal area method be used to Calculate the Doppler frequency coefficient f
Doppler amplitude coefficient a

nl,i?’

...i» Doppler phase shift calculation 6, ;:
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Where (8 \ 1 represents the integer down. Because the value of 6, ; does not
9 " “

affect the power spectral density, it takes a uniform distribution of (0,27)on the
random number. Finally, the delay coefficient g(z,)can be determined by the time
delay power spectral density function.

Simulate the downlink communication channel of the reentry phase by
Simulink .There are two paths, the first path is the zero time delay path including the
direct path, the Doppler frequency is f = f _, cos(y), the amplitude attenuation is p,

the amplitude probability density obeys the Rican distribution. The amplitude
probability density function obeys the Rayleigh distribution for the second path and
the delay time is z,. The model is as follows:
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Figure 7 the model of the communication channel of spacecraft reentry
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In above picture,Doppler frequency coefficienta,,;, Doppler frequency coefficient
f, ;.Delay time p(z,)can respectively through formula (7), formula (8) and formula

(9). The real and imaginary parts of the Rician/Rayleigh channel are generated by two
random processes which obey Gauss distribution, there, the real parts of Rician

N,, =7 the imaginary parts of Rician \ —_g the real parts of Rayleigh N, -9 ,the
imaginary parts of Rayleigh N,, =10-

4. system simulation analysis

Simulated the channel model when verified at the altitude of H =35km. At this time,
the maximum Doppler frequency shift is 15kHz. The angle between the direct path
and the direction of entry ,-=30°, the amplitude attenuation =o0dB, the zero time

delay K, =5dB, when the time delay 7, = 2us ,thenk, = 25dB . In addition, the simulation
time is 5ms, and the sampling time iso.5.s. As shown in Figure 8 and Figure 9.
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Figure 8 simulation of fuzzy self-turning PID control curve
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Figure 9 the PDF of the two paths

4, conclusion

In this paper, established the Gauss channel model,Flat fading channel model and
Frequency selective channel model. The statistical properties of each model are
derived. Then, the wireless space in the downlink communication channel is modeled
as a wireless space. Two path frequency selective slow fading channel, determine the
Doppler frequency and the amplitude and the phase delay line coefficient and channel
model, The simulation and test of the channel model are completed in Simulink /
Matlab.
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